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Summary

Incorporating silage into large scale feeding systems is often a matter of reallocating
resources, rather than introducing totally new resources, and it is consistently more
difficult to show a profit from reallocating resources than from introducing new
ones. It is therefore imperative that the purpose of incorporating silage be clear.
These purposes are defined as, drought feeding, production increases, an aid to
pasture or crop management, utilisation of excess growth, balancing nutrients in the
diet, and the storage of wet feed products. A general financial model is proposed for
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assessing the financial benefits of incorporating silage.

It is concluded that silage is most likely to be profitable when used to increase
productivity or balance nutrient content of the diet. Special purpose crops such as
maize and legumes will normally be used in these roles, and their use in the feeding
program will be integrated with other demands on modern production systems,
such as quality assurance and sustainability.

Introduction

Large scale and intensive systems of ruminant production are relatively new to
tropical and subtropical zones. Though traditional systems of feeding were often
intensive, utilising hand harvested forages and crop by-products; it is only recently
that herds are being aggregated together in large-scale production units. This has
been made possible by improvements in pasture and forage crop technology, or the
availability of crop by-products from centralised processing facilities.

Silage has played an uneven role is these developments. There has been a tendency
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to equate the role of silage in these systems with that in temperate zones, and
consequently much of the attention has been on the harvesting and storage of
excess growth in the growing season for subsequent feeding during the dry season.
The results of this practice have generally been disappointing. More recently
attention has focused on the ensiling of special purpose crops, using these to
increase productivity of the land, and this approach shows more promise. Ensiling
has also been a convenient way of storing some wet by-products, such as pineapple
skins and brewers grains.

Over the past 20 years there have been major advances in the technology of making
and feeding silage (O€pKiely and Muck 1998). Much of this development has
occurred in temperate zones, and there are needs for further research in tropical
zones, in areas such as manipulation of microbial fermentation and the
development of grass and legume crop silage. In general, however, the technology is
adequate, and the difficulties are in integrating silage into profitable feeding
systems.

This paper attempts to provide some guidelines to assist in integrating silage into
feeding systems. Much of the information will be drawn from the experiences of
dairy production systems in tropical and subtropical Australia.
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Uses of silage

In large scale farming the use of silage is a business input. As with any business
input it is essential to understand clearly the purpose of this input, and the likely
consequences of its use. With silage the question is somewhat complicated by the
fact that it is often a rearrangement of inputs already in the feeding system, rather
than an additional input. It is consistently more difficult to demonstrate a profitable
outcome from the rearrangement of inputs compared with an additional input
(Cowan 1997).

The purpose for using silage has often been poorly defined. Very few feeding
systems experiments have been done, and the bulk of the literature is on the
making and feeding of silage. The introductions to these reports are dominated by
reference to surpluses or gross deficiencies of forage at particular times of the year,
and it is assumed that overcoming these will be advantageous to the farm business.

The advantages of using silage have generally been grouped under the following
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headings.

e As a drought reserve; where silage is made from pasture or crop in times of
plenty and stored for a period of 1 to 20 years. The silage is fed to animals only
in times of extreme feed deficiency.

e To increase productivity; where silage is routinely made as a means of
increasing the amount of feed available to cows. The storage period is
consistently less than 1 year, and the practice is often associated with a change
from pastures to crops as a form of land use.

e To aid in the management of pasture or crop; where the pasture or crop is
removed as silage to enable benefits to be accrued from other management
practices. Examples are the increased tiller density and production of
temperate pastures when excess growth is removed early in the growing
season, and the removal of a crop to enable the earlier planting of a
subsequent crop.

e The use of excess growth; where the rationale is that it is a waste to allow
excess growth to mature and decay in situ, and it should be harvested for use in
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the future.

¢ To balance the nutrient content of the diet; where the silage is made with the
intention of feeding it to provide nutrients lacking in feeds available at that
time. Examples are the use of legume silage to feed with maize silage, maize
silage to feed with grazed legume pastures, or silage of relatively high fibre
content to feed with pastures of low fibre content.

¢ To enable storage of potentially unstable material; where the ensiling process
ensures the feed can be used over an extended period. An example is the
ensiling of wet by-products. This use is similar to that in the preservation of
feeds through the addition of chemicals or exclusion of air from feeds such as
high moisture grains.

All of these have the underlying assumption that it will be profitable to use silage in
the feeding system.

Financial model
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Given the wide array of potential types of silage and purposes of use, it is important
to have an overall framework for the financial assessment of incorporating silage
into the feeding system (Cowan and Kerr 1984). The model below allows at least the
main sources of revenue and cost to be taken into account in planning for a silage
program.

Net increased +indirect - penalty - costs of
financial income benefits  during silage
benefit during silage

= feeding making
Additional e.g. extra Loss of Operating

L milk, by days crop production, costs.
price/L growth, by price/L  Labour

or costs.
improved Capital
pasture costs.
growth

The key parameters influencing additional income during feeding are the quantity of
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silage fed and the quality of the silage in relation to the other feeds available to the
animal at that time. The increased income must be substantial for the practice to be
profitable, and to achieve this a large quantity of silage must be fed. In northern
Australia, many farmers found that making small amounts of silage did not improve
their financial position. Costs do not reduce in direct proportion to the amount of
silage made, and a small advantage in milk production at one time of the year does
not generate sufficient income to cover these costs. For example, farmers with herds
of around 100 cows found that making in the order of 100 to 300 tonnes of maize
silage did not provide a net benefit. These farmers have quickly separated into
those who stopped using silage and those who make larger quantities, in the order
of 1000 tonnes.

The quality differential is very important in intensive production systems. Though
silage is normally fed during periods when alternate feed supply is low, poor quality
silage can further reduce intake of paddock feed and give only a small net gain in
milk output. This has been most obvious in attempts to use tropical grass silage in
dairy feeding programs. The quality of the tropical grass silage is relatively low, with
dry matter digestibility in the order of 55%, and it is usually fed during winter when
the quality of the scarce feed resource is high. In northern Australia this is often
grazing oats, irrigated ryegrass pasture, or tropical grasses which are growing slowly
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at this time but are of a higher quality. The net effect has been a very modest
increase in milk yield during the feeding period, which did not cover the costs of
silage (Davison et al. 1984; Cowan et al. 1991).

In contrast, the feeding of maize silage in combination with grazed clover or lucerne
pastures has given substantial increases in milk output (Stockdale and Beavis 1988;
Cowan et al. 1991). The combination of high energy content in the maize and high
protein content in the legume enabled these feeds to be complementary.

The estimation of indirect benefits is often specific to the farm, although the 2 cases
referred to above occur relatively widely. Fulkerson and Michell (1985) found that
by removing the early growth of a temperate pasture they achieved an increase in
milk yield per cow over the spring to autumn period. By removing a maize crop as
silage rather than grain, farmers are able to obtain an additional 50 days active
growth from land by using it for another crop.

There is often a penalty to milk production during the silage making period, where

silage is made from tropical pastures or crops that are being grazed, as the removal
of paddocks from the grazing rotation reduces the selection differential available to
the animal. Cows select strongly for leaf material and restrictions in the area
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allocated for grazing can reduce the selection ability (Cowan and Lowe 1998). In this
situation cows consume a higher proportion of stem in the diet, and consequently
the dry matter digestibility of the diet is reduced.

There may also be an indirect penalty, through less time being available for tasks
such as pasture management and fertilisation, ration formulation and cow health
care during busy periods of silage making.

There is a large volume of local data on the operating costs of silage. These analyses
show the main variable inputs, such as land preparation, seed and fertiliser, casual
labour and harvesting costs. Sensitivity analyses show that variations in crop yield
and harvest and storage losses have the greatest impact on cost, rather than
differences in the cost of the above inputs (Brennan 1992). However the
commitment in terms of capital and the farm managers time are invariably
undervalued. Often the feed-out costs are also omitted. There are virtually no total
farm analyses of the cost of silage when used as a component in a feeding program
based on grazed pasture or forage. By contrast there are total farm costs for feedlot
operations (Nixon 1992), which invariably show a higher cost than the marginal cost
often quoted for silage in grazing systems (GRM 1997).
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Drought feeding

There have been consistent difficulties in justifying the use of silage as a drought
reserve in intensive feeding systems. The investment in silage is often made a
number of years before the silage is fed to cattle, and so the opportunity cost of the
feed is high. In other words the money could have been used to pay for a more
direct input to production. Secondly, the object of drought feeding is only to
maintain animals, so the additional milk or beef output is very small. In large scale
and intensive feeding systems there are unlikely to be substantial numbers of cattle
deaths during drought, and so silage is unlikely to be used to keep cattle alive. The
net effect is a very small increase in income during feeding, and a high cost of
conservation.

Increasing production

A more positive use for silage in the tropics is as a means of increasing land
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productivity (Cowan et al. 1993). There is a continuing increase in the pressure to
use natural resources more effectively, primarily land and water. Associated with
this pressure are demands for greater control over the production system, to meet
quality assurance targets, ensure animal welfare and facilitate sustainable land
management practices. It can be argued that each of these goals is more likely to be
achieved in a system of feeding which has a high reliance on conserved crops.

In northern Australia a typical dairy farm has 100 milking cows and uses an area of
100 ha. However, on average, two thirds of the milk production from the farm in
produced from 20 ha. This is the highly fertile and irrigated land. In other countries
it is the total farm area that is limited (Simpson and Conrad 1993). In many areas
irrigation is used to grow high quality feed for cows, and the efficient use of water is
a high priority. The combination of cropping and conservation increased dry matter
production per hectare compared with pasture systems, and achieved a higher ratio
of feed production to water input (Kerr et al. 1987).

The cropping activity developed must use crops that can be efficiently used in the
feeding system. Feeds such as maize, barley, and lucerne have high conversion rates
to milk production, soybeans and sorghums are intermediate, and Napier (or
elephant) grass (Pennisetum purpureum) and sugarcane are low. Napier grass has
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been shown to produce very high yields of dry matter and high water use efficiency,
but because of the low digestibility cannot be used in systems producing in excess
of 15 L /cow/day (Anindo and Potter 1986). By contrast maize and lucerne are
capable of supporting levels of production in excess of 40 L/cow/day. In northern
Australia, dairy production systems have made increasing use of maize, lucerne and
forage sorghum silage to complement grazed pasture, and maintain production
levels in the order of 25 L milk /cow/day (Ashwood et al. 1993; Cowan 1997). In
1994-5, an average of 0.4 t DM /cow was fed as silage (Kerr et al. 1996). A similar
development, using a pasture and crop rotation for dairy production, was described
for Uruguay (Wallis 1997).

Kerr et al. (1991) used time series analyses to evaluate the effects of incorporating
maize silage into a grazing system on the productivity of a dairy farm, and two
further cases were reported by Cowan et al. (1991). Productivity increases were
21,000 to 150,000 L milk/ farm/year above the previous system based solely on
grazed pasture. Much of this extra production occurred during autumn and winter, a
period when there are increased price incentives for milk production. It has been
consistently shown that those dairy farms which persist with using maize silage
have larger herd sizes (by 40 to 60 cows), higher milk production per cow (by 600 to
2000 L), and greater total milk output (by 300,000 to 700,000 L/year), than farms not
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using silage (Cowan et al. 1991; Kaiser and Evans 1997). In a separate survey, Kerr
and Chaseling (1992), observed an increase in milk yield of 0.73 L for each kg hay or
silage dry matter used in the feeding program.

Trends in the development of feeding systems in subtropical Australia indicate an
increasing input of conserved forage (Figure 1). The development of intensive
irrigation and conservation has resulted in a decline in the proportion of milk being
produced from grains and tropical grasses, and it is projected these trends will
continue. Much of the silage is made from crops during summer, and fed in the
autumn and spring periods when pasture supply is normally low. This has resulted
in a relatively stable pattern of production throughout the year (Figure 2).

In feedlot operations there has been an increase in the amount of silage,
particularly maize, in the diets of beef and dairy cattle (Kaiser et al. 1993; GRM
1997). High quality silages are capable of supporting the high levels of animal
production demanded in such operations, are often lower in cost than grains and
hay, enable higher productivity from land, and maintain a more stable rumen
environment (GRM 1997). Kaiser and Simmul (1992) and Kaiser et al. (1998)
measured daily liveweight gains of 1.0 kg for steers given diets of grain to maize
silage ratios of 0:100, 54:46, and 80:20.
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Figure 1. Past estimates and projections of the milk output from feeds on a typical
Queensland dairy farm (from Cowan et al. 1998).
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The increasing level of control needed over the production system is also influencing
the move towards conserved crop systems. Farmers need to be confident they can
produce a certain level and quality on a specified date. This is difficult to manage
under many grazing systems, and farmers in northern Australia have adapted a
combination of grazing and crop conservation to enable this control. The

management of stress on the cow, from heat, parasites and walking, is sometimes a
consideration.
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Figure 2. Seasonal change in feed intake for a dairy cow producing 5200 L milk
annually in a typical feeding system in northern Australia (from Cowan and Lowe
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1998).

There is increasing importance being placed on the sustainability of intensive
ruminant production systems, and measures taken to enhance this may restrict cow
movement to certain paddocks. For example the use of creek banks for shade and
grazing may not be possible, and tree-planting schemes to address salinity may
preclude grazing those areas by cows. However those areas could still be used to
produce conserved fodder.

Management of land and pasture

This aspect of forage conservation has received considerable interest in pasture
grazing systems in temperate areas. Removal of the early growth encourages greater
tiller density and subsequent dry matter production (Fulkerson and Michell 1985).
Such an effect has not been shown for tropical grasses, and frequent cutting almost
always leads to reduced dry matter production (Blunt and Haydock 1978).
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The benefits in cropping systems can be significant. As referred to above, a silage
crop can be taken some 30 to 50 days before a grain crop, thus increasing the
number of days on which another crop can potentially be grown. As the land is
often used for 2 or more crops annually, there is an increase in potential growth in
the order of 30%.

Use of excess growth

In the modern business approach to farming the idea of ensiling an excess of forage
growth simply because it is there may seem illogical, but it is often used as the
justification for research and development. Davison et al. (1984) conserved the
excess growth in a green panic based pasture in each of 3 years, and fed this back to
cows during the dry season. Though the pasture was conserved as a stable and
palatable silage, a result in common with other experiments (Moss et al. 1984), the
net effect on milk production was zero. This was largely attributed to the low
digestibility of such silage, and the low milk production response when it is fed to
cows.
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By contrast, silage made from temperate pasture, such as ryegrass (Lolium spp.)
grown with irrigation during winter, has a high quality differential when compared
with the grazed pasture on offer to cows during summer and autumn. The milk
response to feeding this silage is likely to be high, and in northern Australia dairy
farmers place high priority on conserving any excess of this pasture, rather than
conserving the much greater excesses of summer pasture.

Recent experiments have attempted to enhance the digestibility of conserved
Rhodes grass (Chloris gayana) by "ensiling" with sodium hydroxide (Chaudhry et al.
1999). The treatment was shown to cause a significant increase in digestible dry
matter intake of very mature grass, but no improvement with young grass. The dry
matter digestibility of treated grass was 60 and 65 % respectively; levels which are
unlikely to provide a positive quality differential compared with grazed summer and
winter pastures.

Balance nutrients in the diet

In northern Australia there has been a rapid adoption of irrigated temperate
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pastures for provision of grazing during winter and spring (Kaiser et al. 1993). These
pastures are high in digestibility, very high in crude protein concentration and often
contain a high percentage of legumes, although the quantity is usually insufficient
for the total forage requirements of the herd. The supplementation of these
pastures with maize silage has shown substantial benefits. Moss et al. (1996)
showed this combination removed the need for protein supplementation of the diet
unless very high levels of maize silage were being fed, and the use of maize silage in
this way reduced the excessively high ammonia levels in the rumens of cows.
Stockdale and Beavis (1988) demonstrated an additive effect of this combination of
feeds.

Recently, there has been increasing interest in the use of legumes for ensiling in the
tropics. Legumes such as lablab (Lablab purpureus), cowpeas (Vigna unguiculata)
and soybeans (Glycine max) have been shown to be compatible with sustainable
land management practices, including zero tillage, and to conserve as silage of
acceptable digestibility (Ehrlich et al. 1999). Dry matter yields of soybean silage was
6 t/ha, containing 17% crude protein and 42% leaf, and dry matter intakes of up to
12.5 kg daily were recorded (Ehrlich and Casey 1998). The high crude protein
concentration is an advantage in tropical feeding systems, where many of the grass
forages are low in protein. The legume silages are also relatively high in mineral
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concentration, and have a high buffering capacity. The potential benefits of these
characteristics are presently being investigated (David McNeill, personal
communication).

Storage of wet by-products

There are substantial quantities of vegetable and fruit waste produced from
centralised food processing facilities. Much of this material is fed to dairy cows.
Because of the uneven nature of supply, it is often ensiled in trenches in the ground,
for subsequent use as feed. Pineapple skins were found to fall to a pH of 3.5 within
2 days of delivery, and remain at that level with no apparent reduction in feeding
value (Cornack 1995).

Conclusion

The record of development of silage in tropical regions has been characterised by
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unclear objectives in making silage, a lack of a whole farm approach to silage
evaluation, and a preoccupation with utilising excess pasture growth during the
growing season.

It is concluded that where silage is considered appropriate to the feeding system,
the activity should concentrate on using crops, making large amounts for individual
properties, combining feed sources to enhance efficiency of nutrient use, and
integrating feed planning with other demands on modern production systems, such
as quality assurance and sustainability.
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Livestock is recognized as being an integral component of mixed farming systems
which predominate in the tropics, particularly in the developing world. Animal
manure and traction make the land more productive than would be the case in
their absence. Yet, it has been recognized with equal force that livestock owned in
the developing world have had a devastating effect on the environment through
overgrazing the natural vegetation leading to soil erosion, and ultimate
desertification. Technologies aimed at achieving a balance whereby livestock can
increase in productivity, so enhancing wealth for the livestock owner, while
resource degradation is minimized must be developed (Steinfeld, 1998). One such
technology is the conservation of forage produced during the wet season which can
be fed to livestock kept in at least partially zero-grazed systems during the dry
season. This may, in fact, be the only such technology that would ensure satisfying
high demand for nutrients for such livestock production operations as small scale
dairy farms in the semi-arid regions of the tropics (Dube, 1995).

To put the importance of ensiling tropical grasses and legumes to feed as conserved

forages in the dry season in the tropics into perspective, one might ask the question
"Why silage? Why not hay? Surely with all that sun in the tropics, it should be easier
and cheaper to make hay than silage?"
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The answer to this lies with both season and plant physiology. A comparison can be
made with countries where temperate climates allow both ensilage and hay making
of rye grasses and legumes, which retain high nutritional quality and, which, with
persistent rains and good soils, will provide sufficient regrowth for several cuts (New
Zealand, Europe). Then there are those countries where irrigation is plentiful and
cheap and legumes such as lucerne (alfalfa) can be grown in abundance for both
silage and hay (USA). Other countries again have winter rainfall (Israel, Western
Australia and the Cape of South Africa) where lucerne and winter wheat can be
produced with relative ease.

In much of the rest of the tropics, the conditions are harsh for conserved forage.
High temperatures combine with short rainy seasons on largely poor soils to
produce grasses and legumes which, while able to produce high yields under good
management, still deteriorate rapidly in nutritional quality after only three months
of growth. Protein and digestibility both decline rapidly in tropical grasses after
flowering, as lignification proceeds in most tropical grasses and legumes. In order to
harvest grass and legumes of high nutritional quality, cutting has to take place at
the early stage of growth, in fact while the rains are still prevalent. Unless a mower-
conditioner is used with the harvested crop and it is then taken for treatment with
bulk dryers in large hay sheds, it is unlikely a good hay crop can be produced at this
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time. This requires expensive machinery and buildings and even on the large
livestock farms it is questionable as to whether it is economically justifiable.

The rains are hard and driving and will wet the entire crop which then leaches and
rots. If harvesting for hay takes place after the rains, not only is the nutritional
quality low but in legumes, leaf shattering is likely to occur at cutting, leaving largely
poor quality stemmy hay. One could argue that with irrigation, winter (temperate)
grasses and legumes could be produced for hay. This is certainly true and indeed is
carried out on some of the large commercial dairy farms in the tropics. For smaller
dairy farms, however, and certainly for the small-scale farms, irrigation is expensive
and likely to provide better returns with horticultural crops than hay crops for
livestock feeding. Thus we are left with the other option of conserving grasses and
legumes, that of ensilage.

The feasibility of successful ensilage of tropical grasses and legumes

Tropical grasses and legumes are not natural ensilage material, largely because at
cutting, they have a low content of water soluble carbohydrates, which are essential
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to successful ensilage (Table 1). This leads to them having a higher buffering capacity

and leaves their proteins susceptible to proteolysis (Woolford, 1984)

However, there are a number of practices which contribute to improving the levels
of fermentable carbohydrates, reduce buffering and prevent proteolysis and can
succeed in producing good quality silage. These include:

Wilting
Silage additives
Small scale silos

PwWihNR

Mixing legumes with cereal crops

Table 1. Water soluble carbohydrates WSC (mean values in g/kg DM forage followed
by range in brackets) of silage forage crops.
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Crop WSC (g/kg | Reference
DM)
Ryegrass 79 (5-220) Thomas and Thomas
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(1985)
Maize 350 (280-510) | McDonald, et al., 1991
Grain sorghum 75 (56- 132) | Havilah and Kaiser
(1992)

Sweet Forage 220 (180-250) | Mhere et al., 1999

sorghum

. de Figueredo and
Kikuyu 31 (23-41) Marais, 1994
Lucerne (alfalfa) 15 (4-20) Waldo and Jorgensen,

1981

Mixing legumes with cereal crops

The main focus of research in intercropping legumes with cereal crops has been to
increase grain yields of crops while improving soil fertility in farming systems in the
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semi-arid tropics (Willey, 1979) but little attention has, until recently, been paid to
the benefits of intercropping cereal and legume for the production of high quality
silage for livestock feeding.

Maize silage plays an important role as a winter feed in the livestock industries of
many tropical countries. The main reasons for the popularity of maize for silage
purposes is the high yield obtained in a single harvest, the ease with which it can be
ensiled and its high energy value as a feed. However, its major shortcoming is
undoubtedly its low crude protein content, which, on a dry matter basis, is usually
of the order of 70 to 80 g/kg DM (Topps and Oliver, 1993). In the high rainfall
subtropical areas of Zimbabwe and South Africa maize remains the preferred cereal
crop for silage (Titterton, 1997) producing higher yields and higher energy content
than grain sorghum, forage sorghum or pennisetums, as shown in Table 2.

Table 2. Yield, dry matter and energy content of maize and forage sorghum silages

produced on sand and clay soils 1

H ‘ Yield and energv ‘ H
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Crop Yield Reference
DM/ha) | DM
Maize (Var. SC BW931) 14.7 10.2 | Titterton, 1997
. deFigueiredo and
Kikuyu 41 7.5 Marais, 1994
Grain sorghum (Var. MR |, 10.0 | Cole et al., 1996
Buster)
Forage sorghum .
7.4 9.5 Titterton, 1997

(Suga rgraze)l,2

1 These crops were produced at Henderson Research Station, Mazowe, Zimbabwe,

av. yearly rainfall 980 mm.
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2 Sugargraze is a variety of forage sorghum recommended for silage, produced by
Pacific Seeds, Australia.

In the semi-arid regions of the tropics, however, maize, being very susceptible to
moisture stress, is questionable as the crop of choice for silage. Generally yields are
poor and energy values much lower than that found in the higher rainfall areas.
Alternative crops such as grain sorghums, forage sorghum and forage pennisetums
which are drought tolerant yet high yielding, have been researched as silage crops
and found to be suitable (Havilah and Kaiser, 1992; Mhere, et al., 1999) although it
has been concluded after an evaluation of grain and forage sorghums in Australia
that sweet forage sorghums offered better potential than grain sorghums under
dryland conditions (Cole et al., 1996). Sweet forage sorghum yields have been higher
under dryland conditions (Mhere, et al., 1999) than in the high rainfall area of
Zimbabwe. Again, however, the limitation in terms of nutrient quality is the low
protein content, which was, in forage sorghum and pennisetums, approximately
70g/kg DM and 95 g/kg DM respectively (Mhere et al., 1999). One method of
improving the protein content of the silage is to add a protein rich crop to the cereal
crop. This can be done either by intercropping the cereal crop with a legume or
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growing them as sole crops and mixing them at ensilage. The feasibility, therefore,
of ensiling these crops with legumes has been investigated.

Maasdorp and Titterton (1997) examined the effect of intercropping (in-row) of
fifteen tropical legumes with a variety of long-season maize popularly used for silage
in Zimbabwe. Of these, forage and grain soybeans, lablab (dolichos bean) velvet
bean, sunnhemp and cowpea proved the most promising but in-row intercropping
with the maize which was at a density of 65 000 plants/ha did not prove to be
viable; with the exception of velvet bean and lablab, the proportion of legume in
the biomass was only 15%, not sufficient to make a significant difference to protein
yield. Velvet bean and lablab swamped the maize, reducing maize yield. Indeed, it
has been shown that proportion of legume and crude protein content of the silage
was significantly affected by maize plant density and the time of sowing of each
crop. Kaiser and Lesch, (1977) showed dolichos bean proved to be at its maximum
proportion of 24% when maize plant density was at 54 000 plants/ha and crude
protein content of the silage was 110 g/kg DM. In the same study, however, there
was apparently no benefit in intercropping soybean with maize for mixed crop
silage, whatever the density of maize. Maasdorp and Titterton (1997) showed that,
by planting lablab and velvet bean into a maize crop two weeks after sowing maize,
maize yield was not depressed and the legume dry matter yield constituted about
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30% of total dry matter yield, bringing silage crude protein content to about 10.5%.
Further research is required into the planting pattern and sowing times of maize
and legume. While in-row intercropping is apparently the preferred regime for
machine harvesting, where single-row cutting is the common practice, between row
intercropping may be more beneficial in the case of small-scale farming systems
where crops are cut by hand. Here, it is likely there would be less competition
between maize and legume and there should be a greater contribution of legume to
total yield, with significant improvement in protein content. There are many other
benefits of intercropping: reduced soil erosion, incidence of pests and less labour
requirements for weeding (Saleem, 1995).

When sole crops of maize and legumes were mixed at harvesting 50:50 by volume
for ensilage (Titterton and Maasdorp, 1997) it was found that with all fifteen
legumes, fermentation quality was acceptable (pH of the range 3.7-4.5; NH3: N ratio
< 12.0) with the exception of velvet bean, sunnhemp and silverleaf desmodium,
while crude protein content had increased from 77 g/kg DM in pure maize silage to
a range of 93 g/kg DM (yellow lupin) to 153 g/kg DM (forage soyabean). In the case
of maize and dolichos bean it was 128 g/kg DM. This trial used recycled plastic
garbage bags, in which the maize and legume was layered before compression with
a tobacco press and the bags sealed with string. The quality of the silage gave an
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indication that this might be a suitable method for ensilage of mixed crops for small
scale dairying.

When seven legumes (forage soya, grain soya, silverleaf desmodium, lablab, cowpea,
lupin and velvet bean) were layered with maize for ensilage in pits, the silage was
similar in quality to that of the same legumes proportionately mixed with maize in
bags and were found, with the exception of silverleaf desmodium, to be of no
significant difference to that of pure maize silage in palatability (dry matter intake)
and effect on milk yield in Holstein dairy cows (Taruona and Titterton, 1996).

Agroforestry also offers potential for improving protein content of mixed silages.
The addition of wilted Amaranthus hybridus to maize (1:1) at the time of ensiling
resulted in good fermentation and raised the crude protein content of the silage
from 6.9% to 11.6% and reduced the crude fibre content (Bareeba, 1977). Maasdorp
and Titterton (1999) successfully ensiled, on a fresh mass ratio of 50:50, the leaf
material of four varieties of forage tree legumes with maize with improvement of
crude protein content to 14%, 15.5%, 17.2% and 18.7% in maize/Calliandra
calothyrsus, maize/Glyricidia sepium, maize/ Leucaena leucocephala and
maize/Acacia boliviana silages respectively. Only in the maize/Calliandra silage was
organic matter digestibility significantly reduced, while in the other three, it was
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similar to that of maize silage. A similar trial is planned for forage tree legumes
ensiled with forage sorghums and pennisetums.

As with maize, soybean has proved to be of little benefit when intercropped with
grain sorghum (Kaiser et al., 1993). Sweet forage sorghum on the other hand, when
intercropped with lablab in a planting pattern of 1 row sorghum and 1 row lablab,
produced silage of good fermentable quality with a crude protein content of 120
g/kg (Mhere, et al., 1999). Sorghum and lablab silage has been produced elsewhere
with reasonable success (Ojeda and Diaz, 1992; Singh et al., 1988).

Forage pennisetums have been successfully intercropped with legumes (Gill and
Tripathi, 1991 and Bhagat, Prassad and Singh, 1992, Mhere et al., 1997) and ensiled
with and without legumes (Mhere, et al., 1999; Crowder and Ghheda, 1982 and
Bareeba, 1992) Mhere et al., 1999 found however, that soil type, planting pattern
and weather had significant effects on proportion of legume in both forage sorghum
and forage pennisetum crops.

Wilting
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Tropical grasses and legumes need to be cut early in the vegetative stage for
ensilage while protein and digestibility are high. However, mitigating against this is
the relatively high moisture content of the plants at this stage, which can adversely
affect fermentation quality of the silage. (McDonald et al., 1991)

Ensiling material with less than 30% dry matter may create an environment which is
totally anaerobic (suited to clostridial bacteria) rather than microaerophilic (suited
to lactic acid bacteria). In addition, it may result in the loss of valuable nutrients as
water and soluble nutrients accumulate at the bottom of the silo as silage effluent.
In pit or bunker silos, this effluent can seep away and be lost to the silage. On the
other hand, research into time of wilting has produced extremely variable results
due, apparently, to weather conditions such as humidity, wind speed and ambient
temperature prevailing at the time of the trial (McDonald et al., 1991). Warm humid
conditions, such as are found in the high rainfall, tropics, are not conducive to rapid
field drying. Biochemical losses from respiration could be higher than losses from
unwilted silage and digestibility of the silage is reduced (Thomas and Thomas, 1985).
On the other hand, in the semi-arid tropics, it may be possible to achieve rapid
wilting in the ideal three to five hours (Michelina and Molina, 1990; Alberto et al.,
1993) without resultant decline in digestibility and (Mayne and Gordon, 1986a) and
improvement in fermentable quality of silage (Thomas and Thomas, 1985). This may
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only occur in silages which, without wilting are below 30% dry matter. In studies by
Mhere et al., 1999 while increasing wilting time within 12 hours showed no effect
on digestibility of mixed forage sorghum/legume and pennisetum/legume silages;
pH increased significantly. The dry matter content of these silages was, without
wilting, already about 30% and higher, and within 6 hours was up to 40% and
higher. This indicates that wilting reasonably dry crops in the field actually results in
poorer fermentation probably due to decreasing effective compression in the silo. If
the wilting period is extended over several days, soluble carbohydrates will be lost,
protein nitrogen contents may be reduced and deamination of amino acids may
increase (Henderson, 1993). Another factor which may be of importance is the silo.
In pits or bunkers, where the large quantities of effluent produced by very wet
material is lost and indeed may be a serious pollutant, wilting under the right
conditions may be of benefit. In silos, particularly small ones, where the effluent is
sealed in, however, this may not be so critical. In a study of small-scale silos (Ashbell
et al., 1999 and Titterton et al., 1999) there are indications that the effluent, being
retained in the silage, prevents mould and contributes to good fermentation in
forage which has been coarsely chopped and manually compressed in the silo. In
other words, the normal criteria for successful ensilage do not apparently apply
when the silage is sealed into small portable silos.
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In summary, wilting only appears to be necessary if crops in the field are still very

wet at harvesting,, conditions are conducive to rapid drying and large silos are used
to store the silage.

Additives

Additives are used to improve silage preservation by ensuring that lactic acid
bacteria dominate the fermentation phase. Additives can be divided into three
general categories: 1) fermentation stimulants, such as bacterial inoculants and
enzymes, 2) fermentation inhibitors such as propionic, formic and sulphuric acids
and 3) substrate or nutrient sources such as maize grain, molasses, urea and
anhydrous ammonia (Woolford, 1984; Henderson, 1993 and Bolsen et al., 1995). A
number of trials produced the conclusion that only strong acids, either alone or in
combination with formaldehyde have the potential consistently to modify
fermentation (Thomas and Thomas, 1985). However, these have largely lost
popularity due to both cost and handling difficulties on the farm. Bacterial
inoculants have inherent advantages over other additives, including low cost, safety
in handling, a low application rate and no residues or environmental problems.
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However, results of their application are variable probably due to the differing
ensilage conditions prevailing at time of application. However, when applied
together with enzymes which degrade plant cell walls and starch which could
provide additional sugars for fermentation to lactic acid, they appear to have
achieved improvement in fermentation and nutritional quality of tropical grasses
and legumes (Bolsen, 1999) Studies with kikuyu grass silage, however, suggested
that the grass needs to be rapidly wilted before an inoculant is added for an
improved fermentation to be achieved (de Figueiredo and Marais, 1994) since there
was no improvement when inoculants were added to unwilted grass. In a
comparison of maize meal with a commercial silage additive (containing bacterial
inoculant and enzymes), Mhere et al. (1999) found however that when added to
forage sorghum/legume and forage pennisetum/legume mixtures, maize meal (5%
of biomass) improved dry matter and both additives improved the nutritional
content but had no significant effect on fermentation quality. This may be
accounted for by the fact that the silages were stored in small sealed silos where,
since the effluent was retained in the silage, there was no benefit to fermentation
of the addition of either additive.

On small scale farms, commercial additives, which comprise inoculants and
enzymes, may be be too costly or unavailable. It is likely therefore that the third
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category of additive will be of most benefit to silage made on small holdings.
Possibly the most important benefit of additives such as maize or sorghum grain or
cassava meal is to improve dry matter in early cut crops when moisture content is
high and rapid drying (wilting) is not possible or where effluent is lost to the silage
through seepage. Tropical grasses have been successfully ensiled when
supplemented with maize meal (Onselen and Lopez, 1988) cassava meal
(Panditharane et al., 1986) and sorghum grain (Alberto et al., 1993).

Molasses is the carbohydrate source used most frequently and is of particular
benefit when applied to crops low in soluble carbohydrates such as tropical legumes
and grasses. Good silages have been reported when molasses was applied at 3-5%
(Bareeba, 1977; Sawatt, 1995). However, if the treated silage has a very low dry
matter content, most of the carbohydrate source may be lost in the effluent during
the first few days of ensilage in pits or bunkers.

Applying urea or anhydrous ammonia to silages has an adverse effect on
fermentation and nutrient quality of silages, particularly high moisture forage
sorghums (Bolsen, 1999), although Sarwatt (1995) obtained good silage by applying
0.5% urea to maize, sorghum and Rhodes grass in Tanzania. An additive with a
urea/molasses blend is possibly the best combination to apply to tropical grasses if
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they are cut in early vegetative stage (Bolsen, 1999). More research is needed in this
field, particularly in the ensilage of natural pasture tropical grasses.

Conclusion

In the tropics, particularly the semi-arid tropical regions, where the major constraint
to livestock production is the lack of availability of fodder, conservation through
ensilage of forage produced in the rains is likely to be the practice adopted by most
small holder livestock owners, particularly those in dairy or beef production. It has
been shown that ensilage of forage can be carried out with simple technology and
that forages such as tropical grasses, forage legumes, forage tree legumes, forage
sorghum and pennisetums can be produced and ensiled successfully this way.
However, there is still much to be researched in how the quality of these silages,
both in terms of fermentation and nutrition, can be improved through the use of
intercropping or mixing at ensilage and with the use of additives. There is also
potential for the ensilage of many agro-industrial by-products with forages and
legumes and this needs increased attention in the field of research into low cost
feeds for livestock.
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production with special reference to smallholders
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Summary

This paper considers the range of possible raw materials that can be used by
smallholders in the tropics and the various ways in which they might be preserved
and used as animal feeds following ensilation. It concludes that for the systems to
be applied they must be uncomplicated, safe, repeatable, have a low investment
cost, use locally sourced equipment and consumables and give a rapid and
significant return on any investment. The greatest potential exists where a
fermentation system is used to preserve materials. It also suggests that the use of
forage silages by gestating sows and growing — finishing pigs might be an effective
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and economically viable system of feeding for smallholders.

1. Introduction

Forages have been preserved using acids for many years and the process is referred
to as ensilation. This term has also been adopted to describe the preservation and
storage of protein-rich materials such as fish and animal products to be used as
animal feeds. More recently this process has been used to preserve carbohydrate
rich materials, either alone or on fermentation with other materials.

The essential feature of this means of preserving organic materials is the use of
acids. These can either be mineral or organic, which can be provided by direct
addition or produced by fermentation. Clearly the choice of acid will affect the
composition and use of the ensiled product as well as having financial implications
for the economic viability of its use.

For such a system to be suitable for smallholders in the tropics it must: -
¢ Have low investment costs.
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¢ Be reliable and repeatable.

Use uncomplicated technology.

Use locally sourced equipment and consumables.

Be safe.

Give rapid and significant returns on investments.

e o o o

This paper will therefore consider the various alternative silage production systems
in the context of the above requirements.

Furthermore, since the large-scale ensilation of forage crops is well established
world wide, this paper will focus on the use of wastes and by-products that
otherwise would be un- on under-utilised as well as the non- conventional use of
forage silage by other species than ruminants.

2. Conventional processing of perishable wastes and by-products

Traditionally, most wastes used as animal feeds are heat-treated to sterilise the
materials and if the heat-treated product cannot be utilised locally or in a short
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time the product would then be dehydrated to facilitate storage and transport. Such
processing is generally carried out where waste materials are available in large
quantities on a regular basis and where the final product is of medium to high
value. Such circumstances are unlikely to apply to smallholders.

Whilst cooking of perishable materials is commonly and successfully carried out by
smallholders for materials that are to be used within a short time, the dehydration
process is less commonly and successfully practised. The exception to this is where
local fish meals are manufactured using sun drying. This type of processing is
generally carried out in unhygienic conditions with the meals frequently becoming
contaminated with bacteria.

Smallholders are likely to have only small to medium quantities of materials
available for processing, which are likely to be used for local consumption.

In such circumstances, and where materials cannot be used immediately, the use of
ensilation for the processing and storage of small to medium quantities of organic
material could be a useful system.
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3. Materials that could be suitable for ensilation by smallholders

Almost all organic materials could be suitable substrates for ensilation in one form
or another. The decision on the approach and technique to apply will depend upon:

The composition of the material including dry matter content.

The type and degree of pathogenic and fermentative bacteria contamination.

The buffering capacity of components of the material.

The presence of potential autolysing enzymes in the main substrate or

naturally present bacteria.

¢ The availability of other materials, such as acids, fermentable substrates and
fermentative bacteria to assist in ensilation.

¢ The cost of preservation using the technique in the prevailing circumstances.

e o o o

Considering these criteria it is clear that the range of possible ensilation processes
consist of the following:

¢ Ensilation using acids produced by the fermentation of carbohydrates within
the material by naturally present bacteria or cultures of added bacteria.
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¢ Ensilation using acids produced by the fermentation of carbohydrate rich
materials added to the substrate to be preserved using fermentative bacteria
asinl.

¢ Ensilation using added inorganic acids such as hydrochloric or sulphuric acids or
mixtures of such acids.

¢ Ensilation using organic acids such as formic, propionic or acetic acids or
mixtures of such acids.

4. Ensilation using naturally present bacteria

This type of ensilage is typical of that carried out with plant materials having a low
buffering capacity, a dry matter content higher than 20%, a fermentable
carbohydrate concentration of between 5 and 20% and with naturally occurring
lactic acid fermentative micro-organisms present.

This traditional silage making process has been extensively reviewed and the
present paper will only consider the possible use of this type of material for animal
species not traditionally fed such materials.
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4. 1. The use of ensiled forages for non-ruminant animals

Whilst ensiled forages have commonly been fed to ruminants in all parts of the
world, such materials have rarely been fed to monogastric animals, such as pigs, in
commercial situations.

Currently, there is considerable interest in the possibility of feeding forages,
including those preserved by ensilation, to pregnant sows in order to improve their
reproductive performance through improved welfare. (Lee and Close 1987). In this
situation it is agreed that most pregnant sows suffer stress through being fed
relatively small quantities of compound feeds (approx.2.2 kg) when their appetite
would be for two or three times that amount.

The main objective is to prevent such animals becoming over-fat, which is
associated with breeding problems. It is proposed that by feeding such animals on
low nutrient dense feeds to appetite they would be less stressed, stay within
targeted weights, which could result in improved reproductive performance, longer
reproductive life and lower feed costs.
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Ensiled forages would be ideal materials for use in such circumstances, since pigs
would be able to digest all enzymically digestible components in the upper gut and
then through fermentation in their lower gut digest fibrous materials and absorb
the associated products.

Similarly, work with such materials has been carried out with growing pigs. It has
been demonstrated that the guts of commercial type pigs (large white, landrace, etc)
are able to use such materials from about 50 kg liveweight (Machin 1990). However,
where such a feeding system is practised the rate of gain has been correspondingly
less than where commercial feeds were used. Nevertheless, such low cost feeds
might well be financially attractive in circumstances where compound feeds are
expensive and where through lower labour and housing costs a better margin can
be obtained using such an approach.

The use of ensiled forages could offer considerable benefit for smallholder pig
farmers in the feeding of gestating sows and growing/fattening pigs. However, due
to the high nutrient demands of lactating animals this system would not be
recommended for lactating sows.

The remainder of this paper will concentrate on the application of the ensilation
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process to store and preserve non-forage, nutrient rich, perishable materials.

5. Non-forage materials for silage production

The materials that have been preserved by ensiling can be divided into those that
produce acids through anaerobic fermentation which preserve the unfermented
remainder of the substrate and those that are preserved by acids added directly or
produced by the fermentation of materials mixed with them. Many of these
materials also undergo autolysis of the substrate using naturally containing autolytic
enzymes as a secondary phase of preservation.

5.1. Fermentable substrates

These materials contain carbohydrate that can be fermented to produce acids such
as lactic or acetic acid. Clearly, such a process requires the presence and action of
micro-organisms. These may be naturally occurring or may be added as a separate
culture (Martin and Bozoglu 1996). Similarly, some substrates may contain insoluble
carbohydrates that are not readily fermentable and require enzymes to break them
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down into simple soluble carbohydrates that can be fermented. These can then
generate acids to preserve the remainder of the material or mixture.

To the other extent materials rich in soluble carbohydrates, e.g., fruits, sugar cane or
beet products etc. are capable of preserving materials at relatively low dry matter
levels through osmotic effects alone without the need for acid fermentation.

Examples of materials that have been used as fermentable substrates

Sugar Industry by- References
products
Molasses — Sugar Cane. (Evers and Carroll 1998,)
Molasses — Beet. (Fagbenro and Jauncey,
1998)
Sugar Cane Wastes Alimon et al, 1994,)
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Fruit Wastes

Bananas. (Ash and Elliott, 1991,)

Papayas. (Bello and Fernandez, 1995,)

Pineapple. (Bello and Fernandez, 1995,
)

Citrus. (Megias et al, 1998)

Apple Pomace. (Nikolic and Jovanovic,
1986,)

Kiwi Fruit. (Ciruzzi et al, 1996)

Grape Waste. (Nou et al, 1981,)

Other Agro-industrial
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Wastes
Brewery and distillery Pelz and Hoffman, 1997
wastes
Vegetable processing Ashbell et al. 1995
wastes
Milk by- products Sander et a/.1995
Flower wastes Ceron et al 1996)

(carnations)

Taro roots Ash and Elliott 1991
Cassava root wastes Fagbenro and Bello 1997
Bakery by-products Bastian 1990

Olive waste Hadjipanayiotou and

Koumas 1996
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Sisal waste Rodriguez et al. 1985
Oil palm fronds Abu Hassan et al. 1996

The preceding list of materials that have been successfully ensiled demonstrate the
broad range of products that can be preserved in this way. However, only those
with high levels of soluble carbohydrate, such as sugar and fruit products are likely
to be able to produce sufficiently high levels of acid by fermentation to assist in the
storage of non-fermentable materials.

Clearly, ensilation could be a useful means of preserving a wide range of perishable
materials that would otherwise be unused as animal feeds.

Examples of non-fermentable materials that have been preserved by ensilation

Slaughter house References
wastes
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Poultry carcass waste. | Machin et al. 1984

Poultry viscera. Fagbenro and Fasakin

Hatchery waste. Deshmukh and Patterson

Feather meal. England et al. 1991

Large animal carcass Machin 1986

waste.

Blood. Le-Van-Lien et al. 1996
Fishery Wastes

Waste whole fish Machin et al. 1990

Shrimp by-catch Ames and Ward

Salmon viscera Dong et al. 1993

D:/.../meisterl1l.htm 70/251



03/11/2011

Use of ensiled forages in ...

Scallop viscera

Myer et al. 1990

Prawn and shrimp
heads

Le-Van-Lien et al. 1996; Evers and
Carroll 1998

Crab waste

Evers and Carroll 1996

Fish viscera

Ahmed et al. 1996

Many of the above materials are available to smallholders in small to medium
quantities in a variety of locations around the world. A simple low capital process
such as ensilation could be an attractive way of preserving such materials. Quite
clearly, matching the availability of suitable supplies of fermentable materials to mix
with these types of materials could cause logistical difficulties. In such circumstances
the use of low cost by-products such as fruit wastes would be the first choice with

more expensive sugar by-products used as back up materials.

However, the main problem with such an approach for smallholders would be the
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higher degree of technical knowledge required to be able to change systems to meet
variations in raw material availability. Unless fermentable and non fermentable
proteinacious material supplies are available at the same time it might be best to
place most emphasis on the use of storable fermentable materials such as molasses
for this type of processing for smallholders.

6. The use of directly added acids in ensilation

Considerable research has been carried out on the preservation of perishable
proteinacious wastes using added acids.(Machin 1986; Perez1995). Initial studies
focussed on the use of mineral acids such as hydrochloric, sulphuric or phosphoric
acids, but these alone were shown to be poor preservers of silages (Disney et al.
1977) Silages have, however, successfully been made using mixtures of organic
(formic, propionic, citric, etc.) acids and mineral acids or organic acids alone (Perez
1995). Nevertheless, the use of direct addition of organic and /or mineral acids is
very unlikely to be a means by which smallholders could process feed materials due
to the cost and danger of handling strong acids in low technology situations.

For this reason it would appear that the most appropriate way that smallholders
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will be able to use the acid ensilage process will be through a natural fermentation
system.

7. The use of fermentation silage

In recent years most researchers in this field have focussed on this approach to
processing small to medium quantities of perishable organic materials. Although
some researchers have been able to get successful fermentation using sources of
fermentable carbohydrates alone mixed with non fermentable materials (Raa and
Gildberg 1982) most have used lactic acid bacterial cultures to stimulate
fermentation. Some of the most successful bacteria that have been used include;-
Lactobacillus plantarum, Streptococcus faecium and Pediococcus acidilactici
(Deshmukh and Patterson 1997)

However, the use of bacterial cultures would obviously be a deterrent for low
technology processing by smallholders. It is therefore interesting to note that
although raw materials low in lactic acid bacteria content generally benefit from the
use of suitable inoculants it is not always essential that they be included (Martin et
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al.1995).

There are also reports that if the raw material already has a high concentration of
lactic acid bacteria, inoculants do not improve the process (Desmulch and Patterson
1997)

It would therefore appear that smallholders could well be able to produce
fermented silages without the need to produce or purchase starter cultures
provided that appropriate mixtures of fermentable and non-fermentable materials
are selected. To the other extent, where mixtures not capable of generating a rapid
fermentation and sufficiently low pH have been tried, successful silage production
has not been achieved (Urlings et al.1993).

In this context it is interesting to note that non-fermentable materials, which have
been preserved by mixing them with fermentable carbohydrates, include poultry
slaughter house wastes, hatchery waste, large animal slaughter house waste, whole
waste fish (fish viscera, shrimp by-catch), shrimp and prawn heads and crab waste.

8. Health implications of feeding silage
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There is considerable concern about the presence of pathogenic bacteria in food
materials fed to farm animals. Unfortunately, many of the materials listed above as
possible substrates for preservation through ensilage could well be contaminated
with such bacteria. The acid ensilage process has been shown to be an effective
means of reducing or eliminating pathogens and indicator organisms in materials
such as poultry slaughter house wastes, hatchery waste and fishery waste. Many
other researchers reviewed in Machin (1986) showed a range of silages to be free
from coliformes, Salmonella spp, Clostridia spp, Staphylococcus spp, and faecal
Streptococcus_and to have a very low bacteria count or to be bacteria free. This
concept is supported by Frazier and Westhoff (1978) who showed that all common
bacteria which cause food-borne infections are inhibited at pH values below 4 and
in the case of Clostridium botulinum toxication is prevented below pH 4.5.

In particular, fermentation of such inedible wastes has been shown to decrease the
numbers of Gram-negative pathogens (Talkington et al. 1981) and viruses (Wooley
et al. 1981).

The means by which this occurs relates to the effect of low pH, the presence of
antibiotic substances produced by lactic acid bacteria and the ability of organic acids
to pass over the cell membranes of micro-organisms by dissociation and lower the
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organisms internal pH to destructive levels (Raa and Gildberg 1982). Lactic acid
bacteria also produce antibiotics and bacteriocins which are often bacteriostatic
against other bacterial species (Urlings et al. 1993). Mineral acids do not have the
same dissociating ability as organic acids and so are much less effective in silage
production.

Many wastes of animal and fish origin contain autolytic enzymes, which at low pH,
are able to break down large organic molecules so exposing any micro-organisms
present in the waste to anti-microbial action (Backhoff 1976).

9. The use of ensiled wastes

Following ensilation most animal wastes have been successfully processed and fed
to a wide range of domestic animals without problem. Perez (1995) noted that fish
silages were suitable for feeding to pigs, poultry, ducks, ruminants and camels.
Other researchers have successfully fed fish silages to farmed fish. Many others have
shown that materials such as poultry slaughter house and hatchery waste as well as
ruminant offal silage could be successfully fed to pigs, poultry, mink, fish (catfish —
Clarias gariepinus, the common carp — Cyprinus carpio) compared with control
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feeds.

10. Conclusion

It is clear that the ensilation of waste materials could offer a simple and inexpensive
means by which smallholders in certain circumstances might be able to process and
preserve a wide range of materials for use in animal feeding. However, there are
likely to be many situations where the correct balance of materials and knowledge
are not in place and so this approach should not be applied. In particular, most
benefit is likely to occur using fermentation not requiring the use of prepared
bacterial innoculants.
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Summary

The paper summarises some of the practical experiences of the authors in
formulating and making silages with and for smallholder farmers in North Africa and
the South Pacific.

Livestock are an important part of the farming system in developing countries,
particularly for subsistence and semi-commercial farmers. There is good potential to
improve food security and family incomes by improving livestock production. This
applies particularly to milk production by rural and peri-urban farmers. However, a
shortage of affordable feeds of adequate quality and quantity, particularly during
the dry season is a major obstacle to improving production.

Many agricultural, agro-industrial and fishery by-products have potential as animal
feeds. Many of these products currently are completely unused or are largely
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wasted due to the inability of farmers to use them before they spoil, as a result of
seasonal production peaks and troughs. Consequently these by-products often
become pollutants.

Ensiling by-products is a simple and low-cost option, which can preserve feeds that
are seasonally abundant for later feeding during periods of feed shortage. Ensiling
can also render some previously unpalatable products useful to livestock by
changing the chemical nature of the feed. Silage is a very versatile product and can
be used as a basal diet or as a concentrate type supplement to other feeds such as
forage. Preparations suitable for monogastrics such as pigs or ruminants can be
tailored to the needs and digestive ability of the target livestock.

Information is given on the nutritive value, physical nature, and availability of a
range of common by-products. Clear descriptions of how these by-products are used
in silage making allow the reader to easily apply the message of this paper. Also
included are practical examples of successful silage combinations, and feeding
regimes including silage for different classes of livestock and desired production
levels.

D:/.../meisterl1l.htm 87/251



03/11/2011 Use of ensiled forages in ...
1. Introduction

The livestock sector plays a significant economic role in most developing countries
and is essential for the food security of their rural population. It is contributing to
poverty alleviation and provides elements that are essential to the national
economy, such as: traction power, transport, manure as fertiliser and fuel, food,
fibre, leather, savings bank, and by generating significant household cash income
through sales of live animals or livestock products.

However, among the major constraints limiting the development of livestock
production in many developing countries, inadequacy of animal feed resources is
most often the crucial factor. Feed shortages, both quantitatively and qualitatively,
are limiting livestock productivity. During ploughing of crop fields these shortages
seriously affect working ability of oxen and they also depress the production of
dairy and meat units managed by small-scale commercial farmers.

In many tropical countries, such as those in Africa and the South Pacific Islands, the
bulk of livestock feed resources comes from grazing mainly poor quality annual and
perennial grasses from natural pastures often at a late stage of maturity. In other
countries, such as those in Southeast Asia, livestock farming is increasingly being
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limited by the restriction of grazing lands. During the long dry season (at least 6-7
months per year) animals are on poor quality feeds characterised by low
palatability, low intake and low nitrogen concentration. However, crop residues
(straw and stover from sorghum, millet, wheat, barley, rice, maize) play a key role in
animal feeding mainly in Asia and Africa.

As there is an incipient urban market demand for milk around the largest cities in
most developing countries, there is an increasing development of small-scale peri-
urban dairy units mainly from pure Friesian cows. However, the smallholder dairy
producers are often facing low milk yields from these exotic cattle due to the poor
feeding management (lack of rations with balanced nutritive content) and/or high-
producing costs because their feeding system is primarily based on purchased feeds
and concentrates.

It is recognised in developed countries that the production of silage of high quality
cultivated forage can be a valuable component for the development of a high-
performing and low-cost system of animal production, using a relatively low level of
purchased concentrates. However, this appears inappropriate for smallholders in
tropical countries primarily for the following reasons:
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1. lack (and/or high cost) of equipment for harvesting and conservation

2. production of cultivated forage is often limited due to lack of available land.
Most farmers in developing countries rely for their food security on the
cultivation of cereals, root crops and high value crops such as fruits and
vegetables, which understandably take priority in the allocation of land.

Fruit, vegetables and root crops are increasingly integrated in the farming system
and play a key role as staples in the human diet in most developing countries.
Consequently, there is a wide range of valuable by-products and residues resulting
from food crops cropping systems and food processing which are often inefficiently
or totally under-utilised and wasted.

The ensiling of by-products is a simple and appropriate method of conservation. It is
the most-effective way to improve animal feed resources through the rational use of
locally available agricultural and industrial-by products likely to be available to
small-scale farmers at village level. In developed countries herbage ensiling is now
accepted as the major method of forage conservation and much research has been
undertaken in that field (Mc Donald 1983; Thomas 1985). However very few
research and extension activities are related to the various aspects of silage
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production from by-products.

The paper is aimed at examining some of the practical aspects of making and
utilising silage from by-products by small-scale farmers. There are very large
amounts of various by-products in tropical countries and it is not possible to
provide a global review on this topic. Our contribution is therefore restricted to our
experience in North Africa (from the first author) and experience in two projects
financed by the Technical Co-operation Programme of FAO, first in Samoa, repeated
subsequently in Tonga, managed by both authors.

2. Advantages of silage making from local crop residues and by-
products

The problem usually encountered with agro by-products is seasonality of supply,
which is often accentuated by their high moisture content. High-moisture agro-
industrial by-products are often of high nutritional value. In industrial countries
there are well-developed technologies for recovering by-products and converting
them into protein-rich meals and/or energy-rich concentrates. However, such
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facilities are rarely found in tropical less-developed countries, especially at the level
of small villages where by-products often become contaminating wastes: they
quickly go sour, mouldy and lose considerable quantities of soluble nutrients in the
effluent. Dehydration increases cost, about 250 - 300 litres of fuel and 200 kWh of
electricity are required to produce one ton of dry product (88 - 90% DM). Research
has shown that the ensiling of by-products is the most suitable method of
conservation for long period (Lien et al. 1994; Bouqu€» and Fiems 1988;
Hadjipanayiotou 1993; 1994; Kayouli 1989; Kayouli et al. 1993; Kayouli and Lee
1998). The main advantages of silage are:

1.

4.

5.

it can be efficiently used for strategic off-season feeding

it is a means of increasing feed resource availability and form of insurance,
especially for calving dairy cows

it can be fed to reduce pressure on pasture when required
it can be an efficient supplement to grazing cattle during the dry season

it is an inexpensive home-made feed resulting in the production of milk and
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beef at lower cost

6. it improves palatability, reduces significantly toxic substances present in some
fresh vegetables to safe level concentrations (such as cyanogenic glucosides in
fresh cassava leaves) and destroys harmful micro-organisms possibly present in
poultry litter or fish wastes

7. it can provide a major diet source, as basal ration as well as a feed supplement
for grazing animals.

3. By-products widely available in tropical and sub-tropical countries
potentially suitable to silage making

In tropical and sub-tropical countries there is a wide range of by-products and
residues from food crops and food processing that are potentially valuable feed
supplements, without considering residues from cereal grain. The most common by-
products from various root and tuber crops, fruit crops, agro-industry and animal
industries are the following:
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3.1. Brewer’s spent grains

The extracted malt, or spent grain, contains 75 - 80% water when filtered off. Wet
spent grain spoils rather quickly and should be used fresh or stored out of contact
with air. It can be stored up to two weeks quite successfully by heaping it, treading
it well and covering with sacs or plastic sheets. For longer storage, it may be ensiled
in an airtight trench silo with drainage. Ensiling in tightly tied plastic bags is also an
effective storage method (this method will be described in details later). Wet spent
grain can be ensiled alone or in association with other ="MIDDLE" COLSPAN="3">

Per kg Fresh Matter Feed Stuffs
Dry Matter
Metabo Energy
Crude Protein

Crude Fibre
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Metabo Energy

Crude Protein
Crude Fibre
Inclusion Rate
%

MJ/kg
g/kg
g/kg
MJ/kg
g/kg
g/kg
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Fresh,
kg/day Spent Grain

22.0
8.2
260
130
1.8
57.2
28.6
5 - 20 Banana Stems

9.5
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5.5

20
210
0.52
1.9
20.0
5 - 10 Banana skin (ripe)
15.0
6.7
42
77

D:/.../meisterl1l.htm 97/251



03/11/2011 Use of ensiled forages in ...
1.0

6.3
11.6
2 - 5 Rejected Banana (ripe)
30.0
11.5
54
22
3.5
16.2
6.6
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2 - 5 Cassava Leaves

16.0

6.7

235
190
1.1
37.6
304

3 - 6 Cassava Roots

28.5

125
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16

52
3.6
4.6
14.8
5 - 15 Molasses
78.0
11.5
15
0.00

9.0
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11.7

0
0.5 - 2 Breadfruit (ripe fruit)
29.8
10.8
57
49
3.2
17.0
14.6
4 - 8 Taro Leaves
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16.0

6.2
223
114
1.0
35.7
18.2
1 -2 Taro Roots
25.0
13.2

45
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20
33
11.25
5
2 - 5 Sweet Potato (leaves)
12.0
5.8
200
145
0.7
80
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25
4.6
27.2
8.5
2 - 5 Poultry Litter
82
8.2
265
145
6.7

217.3
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119.0

05-2

Table 1bis: Nutritive value of sub-tropical by-products potentially to be ensiled and
inclusion rate in dairy cow diets.

Per kg Dry Matter Per kg Fresh Matter
Crude Crude

Feed Stuffs |\ energy | rotein| P27 [Energy |protein| 7078 | rate.
& (ADF) | “MeTEY (ADF)
kg
o)
% | Mi/kg | g/kg | g/kg | Mi/kg | g/kg | &/kg treshiday
Olive cakes 45,5 3.8 40 465 1.7 182 [211.6] 2-4

Olive leaves 56.8 5.7 105 300 3.2 59.6 [170.4 3-6
37.1 4.9 138 410 1.8 51.2 |152.1 1-3
Grape marc

Sugar beet

19.5 9.8 Sk 316 19 17.4 61.6 lunto 20
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pulp o o o o o B
Tomato Pulp 22.5 8.0 215 350 1.8 48.4 | 78.8 |up to 15
Wheat Bran 89.1 8.1 160 137 7.3 142.6 (1221 1-3
Date palm fruit| 87.6 12.0 32 50 10.5 280 | 438 | 05-1
Citrus pulp 23 10.3 75 200 2.4 17.3 46 |upto 15

3.2. Banana by-products

Bananas are grown in almost all-farms in the humid tropics and constitute one of
the staple foods for human consumption. Banana plant waste is of considerable
importance in feeding ruminants. The by-products are the followings:

3.2.1. Rejected banana: Rejected bananas both green, immature and ripe, are a
good source of energy supplement to grazing or penned animals. Dairy cows relish
them and can consume them in fairly large amounts. But bananas have a low
content of fibre, protein (Table 1) and minerals and should therefore be fed
together with grass or other source of roughage (in order to avoid rumen
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disturbance) as well as with protein and mineral supplements. When the rejected
bananas are widely available, a good silage can be made from chopped bananas
mixed with one or several rich-protein feeds, such as poultry litter, dry spent grain,
fish wastes and cassava leaves.

3.2.2. Banana leaves and pseudostems (trunks): Banana pseudostems (trunks) and
leaves are useful sources of roughage in many tropical countries, mainly during the
dry season. They can be chopped and fed fresh or ensiled. As pseudostems are low
in protein and minerals, they are more efficiently used when supplemented with
rich-protein ingredients, such as copra meal, multi-nutrient feed blocks, cassava
leaves, poultry manure and spent grain.

The use of chopped and ensiled pseudostems is particularly recommended when
the bunch has been harvested and plants are cut down; the large quantity of trunks
available at harvest time can be safely preserved through a well planned silage
operation. The silage is of good quality when chopped pseudostems are properly
mixed with an easily fermentable carbohydrate (such as molasses, sliced root
vegetables) and protein-rich feeds (such as poultry litter, wet spent grain).
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3.3. Root crops

The major root crops that are potentially available for animal feeding in tropical
countries are mostly cassava, taro, sweet potato and yams.

3.3.1. Cassava by-products: Both the roots and the leaves are valuable feed
resources for dairy cattle.

3.3.1.1. Cassava roots: Fresh and sun-dried cassava roots are consumed by
ruminants in different forms (sliced, chopped, ground) and used as a substitute for
cereal grains in many countries. Cassava roots are a good energy source for dairy
cattle, because they are high in carbohydrate, which is an important and readily
available energy source for rumen microbes. However, they are low in protein
(Table 1). They are particularly efficiently used by high producing cows and at the
first stage of lactation. Cassava roots can be given in large quantities: up to 25% of
total dry matter intake. However, protein and mineral supplements must be fed in
order to balance the ration. As cassava roots are rich in easily fermentable
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carbohydrates, they constitute an excellent energetic additive when they are
chopped and ensiled with other feed resources, such as fish waste, cassava leaves,
banana pseudostems, spent grain, poultry litter, etc.

3.3.1.2. Cassava leaves: The cassava leaves are also a potential and valuable protein
feed resource for ruminants (Table 1). It is estimated that when leaves are harvested
at the same time as the roots, yields are in the range of 1 to 4 tonnes dry matter/ha.
Fresh cassava leaves have been successfully fed to cattle, including dairy cows, in
many countries.

Fresh raw cassava contains cyanogenic glucosides (HCN compounds) which are toxic
to monogastrics. But, leaves can be fed fresh to ruminants, as rumen micro-
organisms appear to be able to detoxify the HCN. However, this is easily removed
during processing by sun drying or ensiling. Ensiling cassava leaves is the simplest
method, not only to reduce significantly HCN concentrations to safe levels for
monogastrics, but also to preserve the nutritive value of harvested cassava leaves
for efficient use for off-season feeding of dairy cows. The freshly harvested leaves
are first chopped and can be ensiled alone or mixed with rich-energy feeds, such as
banana wastes, root vegetables, wet spent grain. The whole cassava plant (including
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root and aerial parts) can also be chopped and ensiled in the same way. The silage
is fairly balanced for dairy cows.

3.3.2. Taro: Taro is the staple food of the population in many tropical countries.
Taro by-products include roots, trimmings, leaves and stems that are all potentially
valuable feed supplements. Taro roots are out-standing as a feed, particularly rich in
energy. Raw taro contains substances that irritate the tongue and palate of animals,
so that it must be cooked to improve their nutritional usefulness, mainly for
monogastrics. The leaves are rich in protein (Table2) and are relished by cattle. Taro
by-products can be chopped and ensiled in association with aforementioned feed
resources. Silage making reduces considerably undesirable substances in taro by-
products, which thus become more appetising.

3.3.3. Sweet Potato: Sweet potato is another root crop grown by farmers in many
tropical countries. The by-products are roots, offcuts, leaves and vines. Roots have
low protein, fat and fibre concentrations (Tablel), but they are high in
carbohydrates, whilst foliage has a lower carbohydrate concentration but higher
fibre and protein concentrations (Tablel). The vines, which are usually wasted, can
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serve as a nutritive and relished green supplement for cattle. A mixture of waste
bananas, cassava roots and sweet potato tubers and leaves can be ensiled
effectively without the need for additives.

3.3.4. Yams: Yams are also widely grown in many tropical countries. Their
nutritional value is limited by their bitter alkaloid concentration, as well as of
tannins and saponins. Yams must be cooked to improve their nutritional usefulness,
when they are fed to monogastrics or calves. The by-products include roots, offcuts,
leaves and vines. Vines are a valuable cattle feed and can be successfully ensiled
mixed with other feed ingredients above indicated.

3.4. Wet pulps from fruit and vegetables (citrus and pineapple pulps and leaves)

Many fruits are grown in tropical countries: mango, papaya, pineapple, citrus, etc.
Fruit wastes and leaves are some other potential feed resources. The most suitable
method for conserving these materials is to ensile them with the aforementioned
ingredients, so that they ensure a good fermentation and enhance the silage quality
due to their high sugar concentration.
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Almost all Mediterranean Countries produce large amounts of citrus for local
consumption and export. Citrus pulp is the residue remaining after the extraction of
citrus juice, it represents approximately half of the fruit and has a mean DM of 20%
(Boucqu€» and Fiems 1988). Citrus pulp is an energy-rich feed resource with high
metabolisable energy content (Tablel). The ensiling of the citrus pulp, damaged
fruits and leftovers, in combination with other by-products with high protein
concentration, such as poultry litter and wheat bran, is a simple and appropriate
method of conservation which can make a significant contribution to the feeding
requirements of ruminants, mainly for high-yielding cows in early stage of lactation.
In addition, ensiling citrus wastes has advantages over traditional drying, in that less
energy is used, cost of processing is much reduced and there is improvement of
palatability.

3.5. Fish by-products

Fish by-products are usually obtained from inedible whole fish or from waste in fish
processing industries. This is an excellent source of protein and minerals for
livestock, mainly for cows that have recently calved and for high-yielding cows. The
ensiling of the by-products, using molasses and other easily available feeds rich in
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fermentable carbohydrates, such as molasses, sweet potatoes, cassava roots, is a
simple and appropriate method of conservation which has been successfully applied
recently in some countries. In all cases, the maximum amount of fish wastes that
can be included in the silage should be 50% with a dry source of carbohydrates and
much lower, about 10%, with fresh sources.

3.6. Poultry litter

Another potential feed resource is poultry litter that is available in some intensive
poultry farms in developing countries. Poultry litter and manure contain about 25%
crude protein on a dry matter basis, about half of which derives from uric acid that
can be efficiently used by rumen microbes for protein production, poultry litter is
also rich in minerals. The results of many experiments in the world indicate that
dried or ensiled poultry litter can be successfully included in the feed of ruminants
as a protein supplement. The ensiling of the poultry litter is a simple and
appropriate method of conservation. It has proved to be an excellent ingredient for
cattle feeding, and the process significantly destroys harmful micro-organisms
possibly present in poultry litter. Silage made from poultry litter, chopped root
crops and bananas by-products provides a balanced diet for dairy cows.
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3.7. Tomato pulp

Tomato is the most popular vegetable crop grown in Mediterranean countries
where there are numerous tomato-processing plants. Tomato processing residues
called tomato pulp (a mixture of peel and seed) accounts for about one fifth of fresh
weight and has a high nutritional value, it is a particularly protein-rich feed resource
(Table 1). Fresh tomato pulp becomes sour and mouldy rapidly because it is
traditionally processed during summer time and has a high moisture content,
approximately 80-84 %. Consequently, it is advisable to ensile tomato pulp in
alternative layers with dry by-products, such as chopped straw, wheat bran and
poultry litter, so that the liquid effluent is absorbed and fed. Good-quality silages
made from those combinations are successfully used to feed dairy cows and
fattening steers by small farmers in Tunisia (Kayouli 1989).

3.8. Pressed olive cakes

The production of olive oil is basically confined in the Mediterranean basin. Large
amounts of crude olive cakes, a residue of kernels and pulp left after oil extraction,
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are produced yearly. Despite its low nutritive value (Tablel), this by-product is a
potential feed resource mainly during feed shortage. Usually, crude olive cake
stored in heaps next to the processing plant deteriorates quickly because of it is
high lipid concentration between 10 and 14%. The voluntary intake of such cake
decreases with storage duration. Ensiling fresh olive cake either alone or with high-
quality by-products, such as wheat bran, poultry litter and tomato pulp, improves
storage quality and gives a well-preserved palatable feedstuff. This technique was
tried ten years ago in Tunisia (Kayouli et al. 1993) then successfully adopted by
many smallholders in the vicinity of olive oil processing plants.

3.9. Grape marc

After pressing 100 kg of grapes, there is production of 5 - 10 kg of grape marc (seed
and pulp) with about 50% DM and relatively low nutritive value (Tablel). Ensiling
fresh grape marc either alone or with high-quality by-products, such as wheat bran,
poultry litter and tomato pulp, improves storage quality and gives a well-preserved
palatable feedstuff (Hadjipanayioutou 1987).
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4. Silage - making from by-products

Ensiling may be used as a general term to describe any procedure involving the
storage of materials in silos or pits. However, the term is commonly used to
specifically describe the storage of green fodder under anaerobic conditions that
allow naturally occurring microbes to ferment plant carbohydrates to organic acids,
reducing the pH in the silo, inhibiting further fermentation and preserving the crop
as silage. These basic principles of silage making from grass are the same for silage-
making from by-products, so attention must be paid first to ensure anaerobic
conditions, i.e. the by-products must be stored air-tight at all times, and secondly,
there must be sufficient natural acid in the silage to restrict the activities of
undesirable bacteria (for this the ensiled material must be rich enough in
carbohydrates).

In order to achieve a successful ensiling of by-products, the following points should
be rigorously respected:

1. Moisture content: ensiled material should contain more than 50% moisture so
that it is easy to compress it tightly in order to get better compacting and to
eliminate air. However, excessive moisture, more than 75% can also be

D:/.../meisterl1l.htm 116/251



03/11/2011 Use of ensiled forages in ...
harmful, leading to an undesirable fermentation in later phases and produces
sour silage, which reduces palatability and intake. Water can be added and/or
wet and dry feeds can be mixed to get such moisture,

2. Length of chopping: The finer the chopping, the better the compaction and
therefore storage will be more successful, due to the effective exclusion of air.
Chopping in small pieces can be done by hand or with a stationary forage
chopper.

3. The time it takes to fill a silo: The rapidity of filling and sealing the silo is of
high priority. Because of slow filling or delayed covering can easily increase feed
losses due to extended aerobic fermentation.

4. Presence of enough easily fermentable energy (naturally present or added): The
major objective in silage fermentation is to achieve a stable low pH at which
biological activity virtually ceases. In this way preservation is obtained whilst
minimising nutrient losses and avoiding adverse changes in the chemical
composition of the material. The final pH of the ensiled by-products depends
largely on the carbohydrate contents in the original materials. For this reason,
protein-rich feeds with low content of energy are very difficult to ensile
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successfully and should be mixed with easily fermentable energy-rich products,
such as molasses, rejected bananas and root crops.

The technique of silage making from by-products is extensively described by Kayouli
and Lee (1998). The silage can be stored in stacked layers, packed in succession on
the soil that has been covered beforehand with a plastic sheet or banana leaves.
This heap, once finished, is then tightly covered with banana leaves or plastic
sheets, pressed down by some heavy objects which are placed on its top. Packed
silage in plastic bags that are tightly closed is also an effective storage method. This
storage method is easy to handle and has the potential to produce high quality
silage with less waste in a well-sealed bag. However, it is not recommended for
coarse materials, such as banana trunk and cassava leaves, which can puncture the
bag and render the contents useless.

After approximately 6 weeks, the farmer can open the silo and start to feed silage to
animals. Silage can be suitably preserved for as long as air is kept away from the
ensiled material; it is therefore possible to store air-tight silage for more than 6
months. Once the silo is open, care must be taken to cover again the ensiled
material after each opening that is made to feed the animals.
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5. Practical examples of successful silage combinations

Crop residues and by-products vary in their composition and physical structure.
Within this paper it is impossible to provide a review of all combinations possible in
silage making and therefore it will be restricted to those which have been
successfully applied. However, in order to succeed in silage making, the following
guidelines must be respected:

1. Carbohydrate or energy-rich feeds: such as crop roots, rejected bananas, and
fruit wastes, can be successfully ensiled alone.

2. Energy/protein-rich by-products: such as spent grain, tomato pulp can be
successfully ensiled alone.

3. Fibre-rich feeds with low energy and protein concentrations, such as banana

pseudostems, olive cake, grape marc are better utilised when ensiled in
combination with energy-rich by-products.
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4. Protein-rich feeds with low energy-content, such as cassava leaves, fish wastes
and poultry litter should not be ensiled alone. However, this type of feed can
be successfully ensiled when mixed with one or several energy-rich products
such as crop roots, rejected bananas, spent grain and molasses. This type of
silage is highly recommended because it provides a balanced diet.

5. Incorporation of molasses to silage is optional; nevertheless, this is an excellent
additive to ensure a good conservation and enhance high silage quality of any
ensiled feed resource.

Incorporation rate of the different ingredients to be ensiled is function of:
¢ Available amount of by-products

¢ Animal categories to be fed. For example a high-quality silage, containing
increased proportions of energy-rich ingredients such as spent grain and crop
roots, should be prepared for high producing dairy cows. Whereas high
proportions of cassava leaves and banana pseudostems can be used when
there is seasonal feed shortage and therefore when silage would compose the
bulk diet, during off-season feeding.
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Several silage combinations from various by-products and crop residues have been
successfully developed in two projects funded by the Technical Co-operation
Programme of FAO, first in Samoa: (FAO-TCP/SAM/6611): Milk Production Areas
and Small Milk Processing Units, repeated subsequently in Tonga: (FAO-
TCP/TON/8821): Smallholder Forage Based Dairy Production and expanded to a
South Pacific Sub-Regional basis in: GCP/SAM/007/FRA: Dairy Production and
Processing Units.

As an example the following silage combination (on % weight basis):

chopped cassava leaves (15),
chopped cassava roots (25);
chopped banana pseudostems (10),
spent grain (30),

poultry litter (10) and

molasses (10)

e o o o o o

was efficiently preserved, with a good smell and low pH (between 3.5 and 4.5); the
silage when fed as a supplement to grazing dairy cows caused a big increase in milk
production in those South Pacific Islands. The impact has been excellent;
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smallholders were particularly impressed by the ease with which they could use
locally available materials to quickly and cheaply increase milk production. The
improved performance due to supplementary feeding with silage has been
manifested by fast and very significant increases of milk production. As most of
project co-operating farmers are selling milk, this positive production effect of

feeding silage has been directly translated into immediately increased financial
returns.

Two suitable dairy rations are hereafter presented, where basal diet is grazing
improved pasture under coconut plantations or cut-and-carry elephant grass.

Case 1: Basal diet while grazing improved pasture
under coconut plantations:

Feed
Supplements -
Kg/day (fresh Milk Yield, kg/day
basis)
5 | 10 | 15 | 20 | 25
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Copra meal 2 3 3 3
Spent grain 5 10 10
Silage* (30% DM) 10-15[15-20/20-25[20-25

(*) as presented in the above paragraph

and-carry system)

Case 2: Basal diet is chopped Elephant grass (cut-

Feed Supplements
Kg/day (fresh basis)

Milk Yield, kg/day
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5 10 | 15 | 20 | 25

Chopped Elephant 40 | 40 | 40 | 50 | 50
grass

Copra meal 1 2 3 3 3

Spent grain 10 15 | 20 | 25

10 | 15 | 25 125
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SiTage (30%DM] %) ' ' ' —
(*) as presented in the above paragraph

Large amounts of agro-industrial by-products and crop residues produced in the
Mediterranean basin (citrus pulp, grape marc, tomato pulp, olive cake, wheat bran,
etc.) have been successfully ensiled in different ways as sole ingredients or in
different associations. Such silage making practices are extensively practised by
numerous farmers and replace conventional feedstuffs, including imported
concentrates (Kayouli et al. 1993; Kayouli 1989; Hadjipanayioutou 1987; 1993).

Table 2: Feed intake and performance of growing lambs fed an ensiled poultry diet
or concentrate diet (12 animals per treatment ; 66 days trial) (Kayouli et al. 1993)

Ensiled |Concentrate
poultry diet
litter diet!
In vivo OM digestibilitv 61.4 74.9
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Rétained nitrogen 33.0 37.2
(g/day)
Feed intake (g 1520.0 1098.0
DM/day)
Daily gain (g/day) 252.8 221.2
Feed conversion (kg 6.1 5.4
DM/day)
Carcass yield (%) 47.5 45.1
Feed cost (U.S.S/kg 0.4 0.8

gain)

(1): Poultry litter was ensiled with olive cakes and wheat bran in the following
proportion on a dry matter basis: 45:45:10 w/w/w for the three ingredients
respectively. Water was added to obtain 50 % DM in the silage, based on DM
contents of the ingredients.

Screened poultry litter has been successfully ensiled with olive cakes and wheat
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bran (45:45:10% w/w/w, dry matter basis). After 6 weeks, results indicated that the
ensiling technique is efficient for conservation of poultry litter at low cost and to
eliminate health hazards. The litter silage was substituted for commercial
concentrate and soybean meal and fed to lambs in a growing trial during 66 days
(Kayouli et al. 1993). Results in Table3 show that daily gain and feed intake
registered with the experimental diet were higher than those on the concentrate
diet; meanwhile feed cost was lowered by 50% with the poultry litter silage group.

In another trial on beef fattening (Kayouli 1989) an experimental diet containing
ensiled sugar beet pulp and poultry litter was compared to control diet (sugar beet
pulp and concentrate with high content of soybean meal) fed to fattening beef
during 150 days period. Animal performances (growth rate, feed conversion and
carcass quality) were similar while feeding cost was reduced by 20% with the
experimental diet.

6. Conclusion

In order to increase farm incomes from livestock in developing countries, an
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adequate low-cost feeding system must be developed.

Making silage from agricultural, agro-industrial and fishery by-products is a proven
system, which offers considerable potential to improve farm incomes and profits.

Agriculture Ministries should survey the types, qualities, quantities and seasonal
availability of by-products produced in their country. The current levels of utilisation
should also be assessed.

Whilst farmers will tend to opt for utilising by-products they can easily identify and
acquire locally, Government officers can improve by-product utilisation by assessing
the "whole picture" of by-product availability and advising farmers accordingly.

Practical programmes of research and extension are recommended in each country.
These should create and demonstrate a range of model feeding systems based on
ensiled by-products [in addition to other available feeds]. These feeding systems
would have formulations based on regional/national by-product availability, feeding
requirements and critical annual periods of feed shortage.

Development of by-product silage production can yield continuity of quality feed
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availability even in times of drought, at low cost. Small farmers easily make these
feeds with simple technology.

Different types of silage can be made by altering the formula [the choice and mix of
by-products]. In this way the individual needs of different classes of livestock can be
met.

Wider adoption of these technologies will benefit low-income rural communities
through improved income and food security and also the wider community via the
better availability of reasonably priced animal products and by a decrease in
pollution formerly caused by wasted by-products.
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1. Introduction

The preservation of forages by ensiling has been a well known technology for many
years and is popular in North America and Europe. This technology requires high
investment in facilities, accurate timing in the several stages of the ensiling process,
and better understanding of the whole process than hay making demands. In
addition to these demands, silage making and management in tropical conditions
needs special attention and care with regard to the following points:

e Maturation — depends on the climatic conditions. In warm areas, the lengths of
maturation stages might be shorter and changes are faster than in a temperate
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climate. In such cases, it is more difficult to control the correct stage for
harvesting, and this is especially crucial with cereal crops in the latest stages of
maturity.

e DM content — the correct DM content in the plant before ensiling is an
important factor for the fermentation success. Unexpected weather (dry, wet
or hot) can damage the crop and increase losses.

o Aerobic stability — rapid deterioration of silage, especially during the feeding-
out phase is a real problem in a hot climate: it reduces quality and results in
losses. High temperatures enhance mold and yeast activities all year round,
therefore, special attention should be taken in silage making to eliminate air
penetration into the bunker (fine chopping, good compaction and sealing). The
feeding-out of the silage should be done in such a way as to avoid destruction
of the structure of the face and to leave it smooth. Aerobic stability should
become a routine test in hot areas Ashbell et al. (1991).

This paper will discuss silage making of three main cereal-fodder crops in the
tropics, viz.sorghum, maize and wheat.
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2. Sorghum (Sorghum bicolor L. Moench)

2.1 Introduction

Sorghum was cultivated in Egypt as early as 2000 B.C. Usually it is grown in areas
with inadequate rainfall for satisfactory maize cropping. Several qualities in which it
differs from maize (an alternative forage crop) have made this a summer crop
worldwide. The sorghum plant is not fastidious in moisture and irrigation
requirements and it can be sustained on 300 mm of water (rain or irrigation), or
grow on dry land relying on winter rain. Its demand for fertilizers is modest too.
Sorghum can grow in a relatively saline environment (soil and water). In a hot and
long summer it can re-grow during the same summer after cutting. Of course, yield is
affected by growth conditions.

Poisoning by hydrocyanic acid occurs mainly through grazing of young sorghum.
Therefore it is recommended to graze sorghum only when the plants are taller then
60 cm.

There are many varieties of sorghum; most of them were developed to provide grain
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for human and animal consumption.

2.2 Whole plant sorghum — qualities and ensiling

In the last few decades forage sorghum has become progressively more popular.
Genetic work has been done to improve and adjust the sorghum qualities for forage
too, and get a "whole plant sorghum forage". Much work on sorghum silage has
been done in the USA (Dickerson 1986; Smith 1986; Dost 1989,).

Sorghum is a seasonal crop; the only way to preserve the whole plant for cattle
feeding is by ensiling. Several characteristics of the plant have to be taken into
account to succeed with the ensiling technology and to obtain high quality silage:

2.2.1 Digestibility: poorly digestible parts of the plant reduce its total nutritional
value. Most of these parts are connected with the cell wall structure, especially
lignin, which is dominant in the stem. Therefore, reducing the proportion of stem in
the plant will increase its digestibility. i.e., in practice shorter hybrids are preferable.
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2.3 Important properties determining the value of sorghum silage.

2.3.1 High energy. From a cereal crop we can expect mainly energy supply, and less
protein. Water-soluble carbohydrates (WSC), structural carbohydrates and starch
are the main energy resources in cereal crops. Starch is mainly accumulated in the
grain, the amount of which greatly affects the total energy content. The higher the
proportion of grain in the plant, the more the total energy. The positive effect of the
presence of starch is especially important for dairy cows. Therefore, we are looking
for a high-grain sorghum hybrid.

2.3.2 Dry matter content. Ensiling technology requires at least 30% of DM in the
forage. With less than 30% of DM undesirable fermentation takes place and results
in effluent, which creates an environmental pollution problem and increases losses.
Such wet material encourages the activity of clostridial bacteria, enhances the
production of butyric acid, increases losses, and reduces silage quality. Most of the
water content in the sorghum plant is in the stem, therefore, wilting should be
avoided because the stem will spoil before drying. A solution is needed that will
enable us to harvest directly a whole sorghum plant that contains at least 30% dry.
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In the later stages of maturation (milk and dough), the grains are the driest part of
the plant. High yield of grains, harvested between the milk and dough maturation
stages will increase the total DM content to a level suitable to avoid effluent and
clostridia fermentation. In this stage of maturity the DM content of the grain is
around 50%. In other words, to increase the DM content of whole-crop sorghum for
silage, the recommended maturation stage for harvesting is between the milk and
dough stages. Harvesting at the late-dough maturity or later will increase the
undigested amount of the grains and reduce the nutritional value. Processing the
grain in the silage will increase its digestibility. Such a solution should be applied
only if it is economic. A close ratio between the grain and the rest of the plant (stem
and leaves) will help to reach the goal of increasing the DM content. Reducing the
moisture content or an excessive WSC in forage sorghum hybrid for silage can be
done by mixing it with a grain sorghum hybrid while ensiling (Ashbell et al. 1999)

Table 1 gives the changes in whole plant forage sorghum during maturation, and the
resulting silages. DM increased, whilst WSC and NDF (neutral detergent fiber)
contents decreased mainly between the milk and dough stages; this is attributed to
the grain filling with starch; in vivo DMD (dry matter digestibility) was not affected
by stage of maturity; pH of the silages prepared from sorghum harvested at the
dough stage were highest; however, all silages were stable upon aerobic exposure;
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acetic acid and ethanol were found in all silages at 10-20 g kg'1 (data are from

Ashbell et al. 1999, unpublished results).

Table 1 Changes in sorghum composition during maturation (g kg'l)

Maturation DM WSC NDF | DMD | Silage pH | Lactic acid
stage

Flowering 274+1 | 120421 512+7 | 604+11| 3.7+0.3 58+12
Milk 288+8 | 149420 489+1 | 60749 | 3.9+0.2 45+12
Dough 340+14| 69+10 | 425+3 | 617+8 | 4.2+0.1 30+10

2.3.3 Lodging. Sorghum plants are susceptible to lodging. Harvesting lodged plants is
complicated, takes more time and field losses are higher. Tall sorghum plants
usually do not have heavy heads, but have a strong and a thick stem; both of these
are negative factors. Therefore, short hybrids will be more lodging resistant, and are

preferable.
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Two negative components can be found in sorghum plants, and it is important to be
aware of them:

2.3.4 Tannins. The grains of some hybrids may contain tanniins that have a negative
effect on the digestibility rate of the protein in the diet. Large amounts of tannins
are mainly found in "bird-resistant hybrids".

In places where sorghum grains are used for human consumption, it is possible to
ensile the vegetative parts of the plant, the stem and leaves for feeding animals. In
this case the sorghum is dual-purpose. Some hybrids of sorghum can "stay young"
even in the late maturation stages, and retain fair digestibility.

Adding lactic acid bacteria inoculant during ensiling sorghum improved the
fermentation process, but reduced the aerobic stability of the silage (Meeske et al.
1993). The decision to use additives, especially bacteria has to be decided after
performing experiment under the particular conditions.

3. Maize (Zea mays L.)
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Maize, a summer forage crop, originated in Mexico or Central America, but today it
is a worldwide crop for grain, and it is a perfect crop for silage. Requirements for
water and temperature are relative high, and often it is an irrigated crop.

Much scientific research has been done on maize for silage, from the agronomic,
ensiling and nutritional points of view. Harvesting at the correct maturation stage is
a very important factor, especially in tropical areas where vegetation and
maturation processes are rapid. The maturation stage for harvesting is between the
milk and dough stages. This requires opening the cob, inspecting the grain, and
determining the ratio between the solid (starch) part and the "milk" part inside the
grain. When each of the two components reaches 50% is the time to start
harvesting, and it should end when 75% of the grain is in the solid form. At that
stage it is expected to reach maximum total harvesting yield. An earlier harvest will
cause potential loss, and a later harvest will increase field losses and reduce the
digestibility of the grains.

In a hot climate, the correct maturation stage for harvesting can be reached after
around 115 days of growth. In places with a long summer it is possible to obtain
two harvests in the same year, one in summer and one in autumn. There is a big
difference in the quality and the yield between crops in the two harvesting seasons.
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The first maize crop has better climatic conditions for growth, and can complete a
cycle of the vegetation period. While the days are getting shorter and cooler
towards the end of the growth period of the second crop, the yield is lower, and the
plant does not have the correct conditions to produce a mature cob. When
harvesting the first maize crop, grains form the dominant energy source: almost 50%
of the total nutritional value, mainly starch, (which is important for dairy cows)
comes from the grains. Grains strongly affect the total DM content by increasing it,
and bring the total DM of the whole maize plant to suitable moisture content for
ensiling. To increase the yield and improve the quality of the second harvesting of
the maize, it is recommended to sow more densely (according to conditions), and to
wilt if possible. Ashbell and Lisker (1988) studied the aerobic deterioration of maize
silage stored in commercial bunker silos in Israel (su-btropical climate). Losses in dry
matter were between 4-7.5% in well sealed sites, and up to 36% at locations where
air penetrated (upper layer and along the walls).

4. Wheat (Triticum L.)

4.1 Agronomic considerations
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Wheat has been grown since the beginning of civilization, mainly for its grains.

Nowadays, in some areas whole-crop wheat is used as a forage crop, which is
preserved either as hay or as silage. Whole-crop wheat provides both digestible

fibres and energy (9.0 MJ kg':l DM) and its nutritional value may approach that of
maize silage, so that it can serve as an excellent forage for high-lactating cows or
beef cattle (Adamson and Reeve 1992). There are numerous varieties and cultivars
that have been adapted for different climates and soils. In tropical and sub-tropical
climates only spring wheat is grown, which is sown just before the rainy season.
Wheat for silage is harvested at the milk-dough ripening stage with a DM content of

30-35%. DM yields of whole-crop wheat for silage are around 10 t ha'1, depending
on cultivar and on growing conditions.

The advantage of growing wheat for silage in tropical and subtropical climates is
that the early harvesting enables the farmer to grow an additional summer crop
such as maize, potatoes, peanuts, etc. This system, referred to as ‘double-cropping’,
has the advantages of more efficient utilization of soil, water and fertilizers, and of
crop rotation (Ashbell and Sklan1985). In Israel, with a sub-tropical climate, this
system even enables farmers to squeeze in a third crop of autumn maize for silage;
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this is irrigated with treated sewage water and is harvested after 80 days of growth,
before the cob develops.

Spring wheat cultivars can be early and late maturing, with a 2-3-week difference
between them in the time needed to reach adequate ripening. Advantages
attributed to late-maturing cultivars used for silage in sub-tropical climates include:

¢ alonger growth period in semi-arid areas facilitates more efficient use of
moisture remaining in the soil from late rains, so that they provide higher
yields at a given stage of maturity;

¢ the time window available for silage making is extended, relieving some of the
logistical pressure on the operating system;

¢ the harvest period of the late-maturing cultivars offers a greater possibility of
avoiding rainfall during silage making.

It is possible to grow wheat along with annual legumes such as vetch, peas and sulla
(Hedysarum coronarium) and to ensile them together. The advantages attributed to
such systems are
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¢ the wheat may alleviate the lodging problem of the legumes;

¢ improved soil ecology and reduced incidence of plant disease;

¢ improved silage quality and reduced preservation losses of the legumes.

The latter advantage arises from the fact that the carbohydrate-rich cereals are
complementary to the moist, protein-rich legumes, with regard to ensiling
properties, aerobic stability of the silage and nutritional aspects. For example,
Ashbell et al. (1997) found that the best combination was obtained when the
silages were prepared from wheat and vetch at 3:1 (wet-weight basis), with 31% DM
in the mixture. The problems that might be associated with such systems include
growth domination of one type over the other, problems with using herbicides, and
that the cereal and the legume may not reach optimal maturity for harvest at the
same time.

4.2 Changes during maturation

Changes that occur in the whole-wheat plant during maturation are very rapid in
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warm climates, and the intervals between the various maturation stages are short.
These changes affect DM yields, chemical composition, ensiling characteristics and
nutritional value. During the short period between flowering and the soft dough
stages the wheat plant undergoes remarkable changes; although there is a certain
variability in composition among years and among cultivars, some tendencies are
apparent (Table 2): DM content increases with advancing maturity, whereas crude
protein decreases, mainly between the flowering and milk-dough ripening stages;
starch accumulates in the grains while soluble carbohydrates decrease; fibre
contents (both NDF and ADF, expressed as percentages of DM) peak at the
flowering stage. The latter affects the nutritional value of this forage. Based on
these facts, and considering vyields, ensiling characteristics and nutritional
properties, we believe that it is optimal to harvest wheat for silage at the milk
ripening stage (Ashbell et al. 1997; Weinberg et al. 1991).

Table 2 Changes in wheat composition during maturation (g kg'l)
Maturation pm |wsc | ash | M9 | npE | ADF | AL
stage protein

170-
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Shooting ‘1'9'0 - 108 133 562 360 57
. 200- | 62-

Flowering a6 | 110 |81-111| 96-132  [585-640|366-405 59-90
. 279- | 51-

Milk 388 | 136 |62-110| 77-104  |510-598|251-408|49-108

355-
Dough e | 30-32(57-91 81-90  |481-509|239-278| 57-67

ADF, acid detergent fiber;ADL, acid detergent lignin.

4.3 Ensiling of wheat

Although yields are somewhat lower at the milk ripening stage, as compared with
the dough ripening stage, it is preferable to harvest at the earlier stage because the
wheat at the dough stage may be too dry and its fibres less digestible. On the other
hand, wheat at flowering is too moist and requires prolonged wilting, and its

ensiling properties are inferior.
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Before ensiling, the wheat is usually subjected to a short wilting period in order to
reach a DM content of 33-38%. It is difficult to control the DM content of the wheat
at harvest because of the rapid changes mentioned above. In addition, in
subtropical climates, the wheat for silage is harvested in spring when the weather is
unstable and changes rapidly from cool to hot and dry. This affects maturation and
drying rates during wilting.

Compaction of the chopped wheat in the silo is affected by its DM content and
chopping length: the drier it is the more elastic it is and, therefore, more difficult to
compact. Because wheat stems are hollow, removal of air demands more intensive
compaction. Therefore, a drier crop requires a shorter chopping length. The
recommended chopping length in Israel is 10 mm; however, excessively short pieces
are not desirable because they are more costly to produce, and they may escape
quickly from the rumen, and lose their function as roughage for ruminants.

Ensiling rates of wheat in subtropical climates are variable and depend on DM
content, carbohydrate availability and development of adequate lactic acid bacteria
in the silage. There are not many data on microbiological dynamics during ensiling
of wheat in warm climates. Weinberg et al. (1987) found that the number of

lactobacilli in the fresh crop varied between 102 and 10° colony-forming units (CFU)
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per gram. After 2 days of ensiling in mini-silos the numbers increased to 108-10°
CFU g'1 in all cases.

Ashbell and Kashanchi (1987) and Ashbell and Weinberg (1992) studied DM losses in
commercial wheat bunker silos in Israel. In the center of the silo DM losses ranged
from 3 to 16%, near the walls from 10 to 22%, and under the cover from 14 to 27%.
The shoulders of the bunker (where the walls and plastic sheeting meet) are the
most susceptible parts of the silage to air penetration, and their DM losses ranged
from 54 to 76%.

The aerobic stability of wheat silage is variable. In warm climates detrimental
microorganisms (yeasts, molds) proliferate more rapidly, resulting in enhanced
aerobic spoilage. In general, many factors may affect aerobic stability, including the
presence of weeds, the management of the silage in storage (compaction and
sealing), composition of the silage, additives, and the method and rate of feeding-
out. In bunker silos in a warm climates it is important to refresh the face frequently
by feeding-out 30-40 cm every day, in order to minimize its exposure to air. Aerobic
deterioration of wheat silage is associated with increased numbers of yeasts and
molds, heating and, consequently, DM losses. The roles of DM content, residual
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soluble carbohydrates and lactic acid in destabilization of the silage is not clear as
yet. As in other silages, volatile fatty acids (such as acetic, propionic and butyric)
produced during the ensiling fermentation inhibit yeasts and molds.

Molds are of concern in wheat silages because of the risk of mycotoxins. Several
mycotoxins at various levels have been detected in wheat silage in Israel; there are
not yet enough data to correlate their presence with disease incidence in cattle.

4.4 Additives

Both chemical and biological additives have been tried in wheat silage. A sulfur-
based chemical, which inhibits yeasts and molds, is applied commercially in Israel;
reduced losses and improved aerobic stability are attributed to it. On some farms,

coarse sodium chloride is applied to the top layer (at 3-4 kg m'z) of the bunkers for
the preservation of this susceptible part of the silage. Anhydrous ammonia has also
been tried on corn, wheat and sorghum silages, it improvrd aerobic stability,
increased the NPN content, but it is hazardous to use, and therfore, not used in
practice (Ashbell and Weinberg 1993).
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Bacterial inoculants comprising homofermentative lactic acid bacteria were not
found suitable for wheat silage in Israel: silages treated with such inoculants tended
to deteriorate faster than the respective controls, and to enhance yeast and mold
development (Weinberg et al. 1993). It was hypothesized that not enough volatile
fatty acids, which inhibit yeasts and molds, were present in such silages. Inclusion of
special bacterial strains alleviated this problem. Heterofermentative L. buchneri are
being tried in several research laboratories and results are promising (e.g, Weinberg
et al. 1999).

Cell-wall-degrading enzymes (cellulases, hemicellulases and pectinases) have also
been tried. The expected benefits to be derived from such enzymes are the release
of fermentable sugars and improved rumen digestibility. The enzymes have been
found to reduce fibre content and to increase fibre digestibility only in silages made
from moist wheat at the flowering stage, but not in those from drier more mature
wheat (Weinberg et al. 1993 ; Weinberg et al. 1995).

4.5 Nutritional properties

The nutritional value of wheat for silage is strongly affected by the stage of maturity
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at harvest, because that affects yields, the ratio between grains and the vegetative
plant parts, and DM and cell-wall contents and quality. In Israel wheat silage forms
the main roughage in the rations for high lactating cows and, therefore, its quality is
of the utmost importance, it forms approximately one third of the ration, and is fed
at about 7 kg DM per cow per day.

Ashbell et al. (1997) compared the ensiling properties and rumen degradability of
wheat silage from early- and late-maturing cultivars, at four stages of maturity:
shooting, flowering, milk and dough. Although NDF degradability at the young
wheat silage (shooting and flowering) was higher than at the milk or dough stages,

yields of degradable DM and NDF (in terms of t ha'1, increased as the wheat
matured. Ben-Ghedalia et al. (1995) found in vitro organic matter digestibility of
69.2 and 70.5% and NDF digestibility of 63.3 and 56.3%, at the flowering and soft-
dough ripening stages, respectively, of whole-plant wheat.

4.6 Research needs

Wheat cultivars that are used for silage making, were mainly developed for
increased grain yields, and are actually dual-purpose types. Research should focus

D:/.../meisterl1l.htm 150/251



03/11/2011 Use of ensiled forages in ...
on development of cultivars intended solely for ensiling. Such cultivars should be
adapted to specific climate and soil conditions, with higher yields and improved
quality. Another possibility involves plants with intrinsic antimycotic properties, the
silage of which should be more stable under aerobic exposure.

Development of more suitable inoculants for wheat silage in warm climate warrants
research. The requirements of such inoculants should include crop specificity,
improved ensiling fermentation with reduced losses, improved aerobic stability, and
a probiotic effect on the animal performance (Weinberg and Muck 1996). Genetic
engineering might also play a role in the development of ideal inoculants.
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1. Introduction

The principal objective of forage conservation is to supply nourishment that
guarantees the productive function of livestock during periods of scarcity.

Only a few studies have been made and even less published, illustrating how small
farmers may produce good silage under tropical conditions with minimum
resources. In this paper different options for the preparation of silage will be
examined, based on its principles and differentiating the implicit characteristics of
small and large farmers.

Many of the ideas and concepts presented are not only the fruit of research, they
are a summary of years of experience in silage production on different scales.
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Even though an effort has been made to cover a wide range of situations and to
generalize, without going into detail, it is a fact that each region and farming system
has its characteristics, and the aim of this paper is not to supply rigid recipes.

2. Production of silage

The production process of silage may be divided in four stages:

Forage harvesting
Transport to the silo
Compaction

Sealing (air-tightness).

PwWNR

The execution of these stages has a big impact on the success or failure of the
fermentation and the quality of the silage.

The first management decision to take when planning to make silage is on the
amount of silage required, which depends on the following factors:
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¢ Number and type of livestock receiving silage.
¢ Length of the feeding period
* Percentage silage of the full ration
e Material resources available (equipment, labour, financial means, technical
assistance, etc.).

This is illustrated by the following example:

An adult bovine, consuming 50% of the ration in the form of silage would receive 5
kg of (DM) per day. For a feeding period of 180 days, 900 kg of DM/animal would be
required, that is, 3.6 t of fresh forage, containing 25% DM. Considering 15% silage
loss 540 kg of fresh forage should be added, to arrive at a total of 4.14 t per head.

This is equivalent to 2.3 m3 of silo capacity per animal, assuming a density of 0.6
t/m3.

Using the same assumptions for a goat, the requirement would be 108 kg of DM
silage at a rate of 0.6 kg per day, an amount of 497 kg fresh forage per animal would
need to be ensiled, equivalent to a volume of 0.83 m3 of silo capacity per animal.
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This calculation can also be carried out in reverse, taking into account the resources
available on the farm and the foreseen area to be conserved.

Irrespective of the amount of silage to be made the following principles for good
silage apply:

1.
2.
3.

The material to be conserved must have a high nutritive value.

The forage must not be contaminated with soil.

The forage should be chopped into pieces no longer than 2 cm to facilitate
good compaction and reduce air retention.

It is necessary to expel the maximum amount of air within the forage
before closing the silo, to avoid its re-entry and prevent water
penetration.

The accumulation of the forage and sealing should be done in the shortest
possible time.

During the feeding of the silage, the area exposed to air should be as small
as possible and the time between opening and finishing the silo as short
as possible.

Although the total silo capacity on a farm depends on the number and type of

D:/.../meisterl1l.htm 159/251



03/11/2011 Use of ensiled forages in ...

animals and the period of silage feeding, it is recommended not to have all the
silage required in only one silo, to keep losses at a minimum. The best system is to
create silos that can be emptied over short periods, so the actual silo size depends
on the amount of silage per animal and the number of animals to be fed. The best
strategy is to make silage at different times of the year and to feed it after
approximately 60 to 70 days of conservation. This way the silage would have
optimum fermentation and least chance of aerobic deterioration. However, the time
of silage making also depends on the growing conditions and the availability of
forage to be ensiled.

2. Silo type

There are many different types of silo: permanent or temporary structures that may
be vertical or horizontal. However, all kinds of receptacles can be used, such as
barrels of steel or plastic, concrete water pipes of 2 m diameter and height, 2 mm
thick plastic packing bags, such as those used for fertilisers.

On large farms, which are highly mechanised, silos with a capacity of 100 m3 or
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more will normally be filled and emptied mechanically. This increases efficiency and
reduces labour cost. However, on small farms with only a few animals receptacles
with a capacity of up to 200 | that are filled manually make very effective silos. In all
cases the material must be packed tightly and kept under anaerobic conditions.
Bags must be tied at the top. These should then be piled under a cover, forming a
pyramid.

For permanent silo sites it is recommended that they have hard, impenetrable
floors.

2.1 Vertical silos

The vertical silos may be made of wood, concrete, zinc, steel or plastic and should
be cylindrical to facilitate compaction. Vertical silos are ideal for conservation,
because of the high pressure accumulating inside as the forage is being added. This
prevents the silage to be exposed to air during the periods of conservation and of
feeding. However, the forage to be ensiled this way should have at least 30% DM, in
order to prevent the formation of effluents and, at the same time, take advantage
of its maximum capacity.
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2.2 Horizontal silos

Horizontal silos are the most commonly used and may be a trench or made on the
surface. Surface silos can be with or without walls. They are popular because they
are easily adapted to the specific conditions of a farm. However, with horizontal
silos it is more difficult to ensure adequate air-tightness.

2.2.1 Trench silos

These silos are usually wedge-shaped excavations in the ground, to facilitate the
entrance and exit of trailers during silage making and feeding. However, when their

capacity is less than 2 m3 they may be in the shape of a rectangular. The main
disadvantage of trench silos is that the interior walls must be clad to avoid soil
contamination and care must be taken to eliminate surface runoff from penetrating
the silo.

2.2.2 Surface silos
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2.2.2.1 Silos without walls.

Silos without walls are the simplest because they do not require permanent
construction. However, they are the most subject to damage of the covering
material, which interferes with the necessary anaerobic conditions.

In Cuba, large silos containing 500 t or more were developed, which were not
covered with polyethylene sheets. Air-tightness was achieved only in the centre as
the outside forage decomposed. This led to heavy losses of over 25%.

For larger farms there are so-called vacuum silos, which consist of two plastic
sheets. The forage is deposited on a sheet put on the ground and covered by the
other, to a height that will allow joining the borders of both sheets. The silo is
sealed by a rubber tube system. Through a corner of the package vacuum is applied,
which seals it once all the air has been extracted. This process is repeated on the
third day after closing the silo, in order to extract the gasses formed during the
initial fermentation, as well as a portion of the humidity produced by respiration
and possible effluents.

Another variation of silos without walls is the so-called "sausage". This consists of a
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polyethylene tube, closed on one end and fitted with a circular steel band at the
other. A press is used to push the forage into the plastic tube, leaving a "sausage" of
about 2 m in diameter and a length proportional to the volume of forage entered.

The same concept is used when high density round, cylindrical or rectangular bales
are prepared by special machinery. These can be wrapped in polyethylene and
placed one upon the other under a cover.

Polyethylene-wrapped silos have a common problem, that the wrapping may be
destroyed by animals, allowing air to enter, which leads to spoilage of the silage.
Forage to be wrapped should have a minimum of 25% DM to take full advantage of
volume reduction and to prevent loss of nutritive value as well as to foster optimal
fermentation.

2.2.2.2 Silos with walls

The most commonly used silos have 2, 3 or 4 walls. In the latter case one must be
mobile. Ideally, they should be covered with polyethylene and placed under a roof.
The cheapest method is to build two lateral walls at rectangles against an existing
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wall.

In general, walled silos are less critical on the forage’s DM content, because
drainage systems for effluent can be incorporated, including a slightly sloping floor

3. Forage collection

3.1 Type of forage

In the tropics, grasses have been, by tradition and for practical reasons, the main
forage used for conservation. However, recently herbaceous and woody legumes
have become an important part in livestock feeding. In spite of their importance,
too few studies have been carried out to determine the best way to incorporate
them into silages. Particularly in the case of woody protein banks there are
problems with mechanised pruning. When preparing silage of grasses and legumes
together, the mixing should be done before loading the silo. The optimum
grass:legume mixture is about 70:30. The best way to obtain proper mixing of the
two components is to simultaneously introduce them into the chopper. If the forage
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is to be wilted, it is recommended to first cut the grass and then the legume
because the latter generally dries more rapidly.

3.2 Pre-treatment

The principal treatments after cutting prior to conservation of forages are, in order
of importance: chopping, wilting and conditioning. Chopping is necessary to obtain
good compaction to exclude air in order to promote a rapid initiation of the
microbiological processes and to take optimum advantage of silo capacity. Chopping
is done with specialised equipment. This may be a stationary chopper used when
the forage is entered into the silo, or a pick-up trailer that chops the forage when it
is collected in the field.

Chopping to between 2-4 cm lengths has the additional benefit of ease of ingestion,
regurgitation and posterior rumination.

Wilting forage before ensiling has many advantages. When DM levels are between
30 and 35%, effluents will not be produced, the development of undesirable
microorganisms will be reduced, better fermentation will be promoted and intake

D:/.../meisterl1l.htm 166/251



03/11/2011 Use of ensiled forages in ...
increased. Anti-nutritional metabolites (e.g. tannins and alkaloids) in certain forages
(e.g. herbaceous and woody legumes and cassava leaves) will be eliminated or
reduced. However, these species tend to loose their leaves during handling when
dehydrated to over 40% DM. The field-drying time required to reach an optimum
DM content depends on the species and on the weather conditions. The time may
vary between 4 and 24 hours depending on the thickness of the stems.

Drying time can be reduced when a mower-conditioner is used, which crushes the
stems. Crushing cuts the fibres and compresses the forage so that cellular juices will
be extracted. Tedding the cut forage immediately after cutting and one more time
afterwards will reduce drying time. The shorter the field drying time the lower will
be the risk of rain damage.

3.3 Cutting systems for small farms

The simplest cutting system is to cut forage with machetes, scythes or similar
equipment. Manual cutting has a low productivity. Erect forage can be cut at a rate
varying between 0.5 to 0.8 t/person/hr. With prostrate species the rate of cutting is
lower. It is not possible to give a general estimate of time required to prune shrubs
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and trees because it depends on the density of the edible material and the density
of the plants. However, one could accept an estimate of 0.8 t/person/hour.

In addition to the time required to cut the material there is also the time needed to
carry it to the silo and to chop it before entering it into the silo.

The importance of making estimates of man-hours required to cut, carry and chop a
certain amount of forage is that it will determine the size of the silos and the
number of people necessary to do the work in order to start and finish a silo within
one day.

3.4 Cutting systems for large farms

Silage making on a large scale is a complex process. It requires the co-ordination to
cut the largest possible volume of forage, in the least possible time.

Factors as: the power of the tractors, type of forage harvesters, quantity and
capacity of trailers, condition of machinery, distance between forage area and silo,
as well as, pre-treatments and the use of additives, are deciding factors in
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organising the production process.

3.4.1 Harvesting machines

Harvesting machines can be self-propelled or tractor-pulled. There are three types of
cutting machines classified according to their cutting mechanism, i.e. by:

® impact. These tractor-drawn machines have a group of knives mounted on a
rotor blade that cut the forage by impact and sends it to a chopper that cuts
the material in lengths of 6 to 10 cm. The disadvantage of these machines is
their low productivity, 8-10 t/hour. Additionally, soil is sucked in to the forage
due to the circular movement of the rotor. They are not very effective for thick-
stemmed species as the forage is cut at ground level, facilitating the attack of
insects and fungi in the re-growth.

e rotating knives. These tractor-drawn machines have the advantage of being
very productive and not to affect the re-growth, producing clean cuts without
harming the stalks. The size of the pieces is also superior (2-4 cm). They are not
suitable for uneven terrain because of a greater chance of breakages.
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o plate shears are fitted in. the most modern self-propelled machines with a
large cutting capacity (15-20 t/hour). The cutting system protects the re-growth.
The machines are more efficient, because they can cut large areas in a short
time. However, they require the land to be flat and free of obstacles. The
chopping size can be adjusted to between 0,5 to 2 cm.

3.4.2 Pick-up trailers

Pick-up trailers must have a mechanism that can raise the forage off the ground,

chop it and send it towards the collection bin with a capacity of 8 m?3 or more. The
unloading mechanism can be lateral, at the back or with a moving floor. Trailers

with a lateral unloading system are practical for silos that are more than 6 m wide
because they allow for rapid unloading.

In the case of wilted silage it is important to have large trailers, since forage density
decreases linearly with increasing DM content.

3.4.3 Methods of compaction
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The method of compaction depends on the silo dimensions. In vertical silos of 2 t or
less, compaction can be achieved by a person walking over the successive layers of
forage.

In horizontal silos, less than 4 m wide, compaction may be done by animals or
people walking over the material. Larger silos require wheel or caterpillar tractors.
The minimum width for mechanical compaction is 4 m. The tractor wheels or
caterpillar must always pass over the inner border of the trail left during the
previous passage, in order to guarantee homogeneous compaction. Mud or water
accumulation around the silos must be avoided to prevent contamination of the
forage.

3.4.4 Equipment for distribution of additives

Different implements are used for the application of additives, depending on the
type of additive and whether it is added during chopping or after the material has
been deposited in the silo. With large amounts of silage, the best way to distribute
the additives is directly at the forage elevation system associated with the pick-up
trailer taking advantage of the turbulence it creates. This will guarantee an efficient
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homogenisation of the additive.

The simplest equipment for manual application of liquid additives in the silo
consists of a container fitted with a small-diameter T-shaped pipe with holes or a
bag if the additive is solid.

It is also possible to add additives during silo filling by using a pressurised sprayer or
a small centrifugal fertiliser-spreader, if the silo has walls.

4. Organisation of the silage-making process

The golden rules that guarantee an efficient production process are:

1. The available silo capacity must be adequate for the amount of material to
be ensiled.

2. The rate of silo filling should be in accordance with the compaction
capacity.

3. The whole process should be completed in as short a time as possible,
ideally in one day, maximum three days.
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4. Absolute air-tightness must be obtained.

In order to understand the development of the silage production process and
procedures to be employed, some typical examples are given below.

4.1 Small farms

The characteristic of small-scale silage production is that the only specialised
machinery used is a stationary chopper. Manpower and animal force replace the
machine-energy. To prepare 2 t of silage per day, two people, one animal traction
cart and a stationary chopper powered by electricity or by a tractor, are required.

The routine work for silage production could be as follows:

Manual forage cutting: 3 hours
Loading the forage: 1 hour
Transporting the forage (2 km 1 hour
round trip):

Forage chopping: 1 hour
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Silage preparation: 3 hours
Air-tight closing: 1 hour
Total time required: 10 hours

If the forage is to be wilted, the cutting is done the previous day, preferably in the
afternoon to guarantee the highest possible water-soluble carbohydrate content, or
in the morning depending on the expected drying time required.

It is important to only cut as much forage that can be transported during a day’s
work in order to minimise the respiration loss and development of aerobic micro-
organisms.

Polyethylene covering for air-tightness does not necessarily need to be in one piece,
sheets form previous packaging may be used as long as there is sufficient overlap
and so long as the entire silo is covered. Weights required to place on top of the
polyethylene may be old tires filled with concrete, bags of sand or earth, etc. The
use of grills constructed with steel or wooden bars covering the top of the silos, on
which additional weights are placed, has also been effective.
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4.1.1 Vertical silos and barrels (3 to 6 m3)

Once the receptacle has been completely covered with polyethylene on the inside, it
is filled with successive layers of forage, no thicker than 20cm, additives being added
to each layer. It is not recommended to use forage with less than 25% DM.
Compaction is achieved by a person walking in a circle, starting at the sides going
towards the centre.

The silos should be filled until a small dome is formed on top, immediately followed
by covering with polyethylene and weights being placed on top. Steel or plastic
barrels should be placed up side down. The barrels may be placed together under a
roof or covered with lose plates or polyethylene.

4.1.2 Horizontal silos

A small horizontal silo (2 m high, 1 m wide) is best made under a roof, compacted by
a person or animal.
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Ideally, there should be 4 walls in a rectangular shape. In silos with openings at
both ends, loading should start from the centre of the silo, trying to gain height,
avoiding unnecessary scatter of forage towards the ends, because even if covered
with polyethylene, conservation will not take place in heights below 40 cm. If silos
are in the open, care should be taken that rain or runoff water cannot penetrate
the silo.

The main problem with small-scale silos is to know when adequate compaction has
been obtained. In well-chopped forages, placed in shallow layers, adequate
compaction is obtained when the loose green material under the person’s foot or
animal’s hoof does not exceed 2 cm.

With wilted forages, adequate expelling of air can be expected only if the particles
are less than 2 cm long, For longer pieces it is recommended to add a final layer (10-
15 cm) of fresh green forage to weigh down the material before closing.

4.1.3 Plastic bags
Plastic bags are ideal for small farms. Loading and compaction are done by hand
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taking care not to damage the sides. If a perforation should occur, it may be sealed
with an adhesive plastic tape

4.2 Large farms
It is essential to have the following equipment available:

o A forage-harvester (with a tractor if it is not self-propelled)
e A tractor for compaction (except for vertical silos)
e One tractor for each pick-up trailer (minimum two).

The quantity of forage, which can be deposited in a silo per day of work, will
depend on the minimum compaction time required. In accordance with past
experience these are: 15t for forage chopped longer than 6 cm, 10 t for wilted and 5
t for unwilted forage chopped to 2 cm or less. This means that during a 12 hr
working day, an average of 48 t can be entered into a silo when the pieces are long,
72 t if wilted and 144 t if the forage is green.

Because of the natural fragility of polyethylene, covers may only be used once.
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However, in order to lower costs, traders usually accept the residues of each year to
recycle the plastic and grant discounts on the newly purchased.

5. Conclusions

It is better to prepare a smaller amount of good silage than large volumes of low
quality, which will have to be discarded as non-consumable or be of low nutritive
value.

Unfortunately, the processes involved in silage making are as yet not completely
understood. Among the most difficult issues still to be solved are:

¢ the incorporation of legumes in large-scale silages

¢ when it is most convenient to use additives with respect to pre-drying
technology;

¢ to analyse energy balances, to make the most of the material and human
resources involved in conservation.

Another limitation in the production of silage, is the lack of knowledge of silage-
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making principles by the people and specialists involved in livestock farming.
Nowadays, in sustainable livestock production, which is less dependent on external
inputs, silage production has an important role to play.
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1. Introduction

This contribution focuses on the ensilage of forages produced in tropical and sub-
tropical climates.

The low dry matter (DM) and water soluble carbohydrate (WSC) content of tropical
(Cg) grasses results in poor fermentation of freshly cut material and depending on

climatic conditions wilting must be extended without having a positive effect on
fermentation patterns, whilst increasing ammonia-N (Table 1). Use of certain
additives may be an alternative to wilting, particularly with thick-stemmed , erect
fodder crop grasses (Pennisetum, Panicum, etc.) that produce a large mass of plant
material where pre-conditioning and handling is difficult to mechanise and labour-
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consuming. Tropical forage grasses (Cynodon, Brachiaria, Digitaria, Setaria, Chloris,
etc.) can be wilted more easily but, when done so excessively, affecting compression
in the silo and thus fermentation quality (Catchpoole and Henzell 1971). Even under
controlled wilting conditions additives are being recommended to improve
fermentation and nutritive value of conventional as well as round bale silages
(Bates et al. 1989, Staples 1995).

In farm situations silage making often faces drawbacks which compromise the basic
principles of silage making, especially where technology is limiting such as with
smallholders in the tropics and subtropics (Bayer and Waters-Bayer, 1998). Additive
can never be a substitute for good ensiling management. For example, additives will
not make up for the negative effects on fermentation quality of a tropical forages
caused by practices such as the use of low quality oxygen-permeable plastic covers
and extended storage under temperatures in excess of 30€)C (Tjandraatmadja et al.
1991).

It should also be emphasised that the efficacy of any additive will ultimately be
assessed by animal performance and by DM recovery from the silo which are
parameters not commonly determined . Most of the experiments are restricted to
measurements of traditional fermentation patterns under controlled laboratory
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conditions where even untreated silages made from thick-stemmed Pennisetum
species may show acceptable preservation (Woodard et al. 1991, Spitaleri et al.
1995). On the other hand, bad fermentation products such as biogenic amines
which cause intake depression in ruminants (Phuntsok et al. 1998) are not detected
by conventional silage analysis. It has been suggested that the current parameters
used to predict silage fermentation and quality may need some re-evaluation (Jones
1995).

2. Biological additives

Inoculants and enzyme preparations are regarded as natural products which are
safe to handle, non-corrosive to machinery, do not cause environmental problems
and their usage has expanded remarkably in the last decades. Perhaps no other
area of silage management has received as much attention among both researchers
and livestock producers as bacterial inoculants (Bolsen 1999). There are many
commercial products with variable efficacy available. However, dosage and method
of application are decisive for effectiveness.
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Inoculants

Based on a survey of inoculant studies, Muck (1993) concluded that inoculants are
most successful in alfalfa and temperate grass silages and that with corn silage their
success has been limited. However, Bolsen (1999) emphatically recommended that
bacterial inoculants should be applied to every load of forage ensiled, based on
results from over 200 laboratory-scale studies and from 28 farm-scale trials where
this type of additive consistently improved fermentation efficiency, dry matter
recovery, food efficiency, and liveweight gain per ton of crop ensiled in corn and

forage sorghum silages.

Table 1. Effects of wilting on fermentation of tropical fodders (Part 1).

Forage

Dry matter
(%)

Water soluble
carbohydrates
(% of fresh material)

True protein
(% of crude
protein)
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Elephant grass* 197 217 a
, , 88,0
120 days growth , 26,6 3,00 b
unwilted 62,0
W”F&(i tor 50 h
45 days regrowth , 16,0 2,70 8212
unwilted 31,0 4,24 b
. 58,5
Wilted for 48 h
78% Millet+ 22%
Cowpea, 20,8 1,40 78 62
unwilted+ 46,2 3,19 b
71,6
Wilted for 26 h
60% Eleph.grass+40%
Cassava tops++ 20,5 1,62 84 72
Wilted for 20 h 26,5 2,81 26.1b

Table 1. Effects of wilting on fermentation of tropical fodders (Part 2).

Silage
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Ammonia N Total acids Butyric acid Lactic acid
(% of total | pH (% of dry (% of total (% of total

N) matter) acids) acids)
Elephant grass*
120 days growth, 9 4b 4,4 5,9 2,4 66,6
unwilted 4,5 51 4,1 41,7

) 14,89
Wilted for 50 h ’
Millet*
45 days regrowth, 6,2b 4,0 7,43 0,9 78,6
unwilted 1032 4,2 4 5b 2,0 60,6
Wilted for 48 h ’ ’
78% Millet+ 22%
Cowpea, 8,9 3,64b 7,53 0,3 72,7
unwilted + 7,5 a b 0,3 71,3
3,85 6,5

Wilted for 26 h
60% Eleph.grass+40%
Cassava tops,++ 915b 3,8 8,92 2,1 83,4
Wilted for 20 h 3,9 2,2 73,5
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1 1 1
11,72 7,30
abMeans within column differ, P< 0,05
* Pinheiro Machado and Mé@bhlbach, 1986.

*Figueiredo and M@bhlbach, 1984.
+*+Zanotelli and M@hlbach, 1989.

Enzymes

The addition of enzyme preparations either alone or combined with inoculants is
proposed as a strategy to increase available substrate to improve lactic acid
fermentation in silage and/or to increase nutritive value of forage. With silages of
temperate forages produced in subtropical conditions an inoculant/enzyme mixture
(Sill-All€») improved fermentation quality of unwilted forage oats (Avena strigosa)
(Berto and M@hlbach 1997) and reduced NDF contents of both unwilted and wilted
alfafa (Rangrab et al. 1996). The complex interactions occurring with the addition of
both products is not completely understood and earlier results indicate varying
degrees of success (Jaster 1994) . The first products were based on complexes
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containing ill-defined amounts of various enzymes from crude fermentations of
fungi and results were inconsistent due to variable application rates, plant species,
plant maturity , and DM content of the materials (Muck 1993).

Similarly, results have also been conflicting in experiments where enzymes were
added to corn silage with no clear effects on fermentation characteristics, despite a
decrease of ADF, NDF, and hemicellulose contents (Sheperd and Kung 1996).
Positive results with cellulase in combination with organic acid have been reported
with the ensilage of temperate grass forages (Nadeau et al. 1996).

More recently, newer enzyme preparations have prompted a renewed interest in
the potential of these products also as feed additives for ruminants , enhancing
forage digestion and milk production (Yang et al. 1999, Schingoethe et al. 1999).

Results with tropical forages

If different types of additive suit different crops (Wilkinson 1998) one should not
expect that the effects achieved with biological additives on the ensilage of
temperate forages will also be realised with tropical species, where fibre contents
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are generally much higher and more lignified. It stands to reason to consider that
the constraints imposed by structural, anatomical and chemical characteristics
which are peculiar to tropical forages and which impair nutritive value, i.e. intake
and fermentation in the rumen (Wilson 1994; 1997), may also affect harvesting,
wilting, chopping, and compressing the original material in the silo as well as
influence the direction of fermentation.

Whilst literature on the use of biological additives for temperate forages is relatively
abundant the information with tropical species is scarce. The data reviewed with
this kind of additive is presented according to the type of tropical forage tested.

a. Sorghum spp.

Forage sorghum (Sorghum bicolor L.) is a fodder crop with a sweet juicy pith
having types with finer, more numerous and more leafy stems (Bogdan 1977).
Of the tropical forages it is one of the best suited for ensiling.
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When harvested at the soft dough stage (29 % DM) it can have about 14 % WSC
and 50 % NDF in DM and after a 30 days fermentation period the silage can still
present 10 % WSC in DM. To such forage a mixture of Lactobacillus plantarum

and Streptococcus faecium (Pioneer brand€» 1129) was added at 1.1 x 10° CFU
per gram of fresh forage in a microsilo trial. Inoculation reduced silage pH but
did not affect concentration or in vitro digestibility of NDF or ADF, neither did it
prevent aerobic deterioration (Sanderson 1993).

Froetschel et al. (1995) ensiled either untreated or inoculated forage sorghum
harvested at the milk stage (61.5 % NDF) in 900-kg concrete tower silos. Silage
lactic, acetic and total volatile fatty acids were increased 9.2 to 15.3 % and DM
recovery was increased 7.1 % with inoculation.The level of response was
considered cost effective in a 1.7 to | return for investment based on average
prices for silage and inoculant. In a feeding trial with steers inoculation did not
influence digestibility of DM or fibre components of silages and silage-based
rations.

A sorghum-sudangrass hybrid was harvested at 90 days of growth (26 % DM) in
Puerto Rico and ensiled in laboratory silos either untreated or inoculated with
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105 CFU of Lactobacillus plantarum mixed or not with a multi-enzyme complex
containing arabinase, cellulase, €-glucanase, hemicellulase and xylanase,
applied at 0.1 % of fresh material. The addition of inoculant either alone or in
mixture with the enzyme complex improved silage quality as evidenced by
lower pH and a greater population of lactic acid bacteria (Rodriguez et al. 1994
a). However, additives did not reduce aerobic deterioration of forage sorghum
ensiled in a tropical environment (Rodriguez et al. 1994 b).

Similar results with the ensilage of Sorghum bicolor were obtained more
recently by Cai et al. (1999), where selected strains of either Lactobacillus casei
FG 1 or Lactobacillus plantarum FG 10 isolated from corn and Panicum

maximum were used at 10° CFU per gram of fresh matter. Both inoculants
effectively improved fermentation decreasing contents of volatile fatty acids
and ammonia N and reducing gas production and DM loss as compared to the
control silage. Again, the LAB-treated sorghum silages which contained
relatively high concentrations of residual WSC and lactic acid suffered a faster
aerobic deterioration than the control silage.

Johnson grass (Sorghum halepense) is a rhizomatous perennial, aggressive
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forage which can be established from seed for pasture and fodder (Mannetje
and Jones 1992). This forage was harvested at 45 (22,6 % DM) and 110 days of
regrowth (43,8 % DM), chopped into 2.5 cm pieces, and ensiled in laboratory
silos either untreated or treated with a mixture of Lactobacillus plantarum at a

rate of 105 cFu per gram of fresh material plus 0.1 % of a multi-enzyme
complex with arabinase, cellulase, €-glucanase, hemicellulase and xylanase
(Rodriguez et al. 1998). For both stages of regrowth, Johnson grass treated with
microbial inoculant plus enzymes had lower pH and higher populations of lactic
acid bacteria and higher lactic acid contents than untreated silages. Silage
additives also decreased butyric acid content in grass ensiled at 45 days
regrowth and ethanol content in the more mature forage. However , the
authors also conclude that the resulting silage did not meet the criteria to be
considered as good quality silage, suggesting for more research to evaluate
other sources of addditives as well as the rates of additives used.

b. Pennisetum spp.
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Elephant or Napier grass (Pennisetum purpureum) has thick erect stems 2-6 m
tall, with 30-120 cm long leaves and has been introduced to practically all
tropical countries being widely grown for fodder and less often for grazing
(Mannetje and Jones 1992). Van Onselen and L€pez (1988) reported on a trial
from 1981 with the use of a commercial enzymatic product (sucrase and
cellulase) added to elephant grass from a 105 days regrowth (19,4 % DM) at a
rate of 0.1 % of fresh forage plus 0.9 % corn meal. When compared to a control
treatment with 7 % corn meal the enzymatic product showed higher pH and
ammonia-N values and a lower lactic acid content resulting in a silage of bad
quality.

A 60 days regrowth of elephant grass (14 % DM, 70 % FDN in DM) was ensiled
in 200-liter plastic containers testing the effects of two commercial products
with bacteria and enzymes (Bio-Silo € and Bio-Silo P.U. soluble€, Katec
Kaiowa Ltda., Brazil). The product Bio-Silo was added at 0.1 % of forage fresh
matter plus 0.9 % of corn meal and Bio-Silo P.U. was diluted in water and also
added at 0.1 % , according to the manufacturer’s recommendations. No effects
of additive use were detected neither on silage composition and pH and
ammonia-N values nor on nutrient intake and digestibility coefficients
measured with sheep (Henrique and Bose 1992).
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Tamada et al. (1999) conducted experiments in different latitudes in Japan with
different harvest dates of Napier grass and two silage storage temperatures to
test the effects of a mixture of cellulases (Acremonium cellulolyticus and
Trichoderma viride) mixed or not with a commercial inoculum (Lactobacillus

casei, 108 CFU/ kg wilted forage) and of a preparation of fermented green juice
extracted from macerated Napier grass mixed or not with the cellulases, as
compared to a control. All treatments were applied to wilted Napier grass
(averaging 22.7 % DM and 4.6 % WSC in DM) ensiled in 0.9-liter bottles; in two
experiments, 40 g of glucose/kg wilted forage was included to each treatment
with additive. Improved fermentations with lower pH values and ammonia
contents and increased lactic acid over control only were obtained when
sufficient fermentable substrate was secured by adding the cellulases or
glucose.

Kikuyu grass (Pennisetum clandestinum) is a creeping perennial with strong,
thick stolons which requires fertile soil, can be associated with white clover
and is not well adapted to high temperatures (Mannetje and Jones 1992). De
Figueiredo and Marais (1993) used wilted kikuyu grass (30 % DM, 3.2 % WSC in
DM) treated with inoculant alone (Lactobacillus acidophilus + Lactobacillus
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bulgaricus at 5 x 104/ g grass ensiled) or in combination with two different
enzyme preparations ( either from Trichoderma reesei or from Aspergillus ).
The best fermentation with lower pH and ammonia-N and higher lactic acid in
micro-silos of polythene bags was obtained with the combination of inoculant
plus the enzyme from T. reesei . In a second experiment the authors used the
same forage unwilted (19.2 % DM, 3.7% WSC) without or with an inoculant
(Lactobacillus plantarum strain MTD/1) alone and in combination with
molasses meal (5 or 10 % on a DM basis) at ensiling. The only significant effect
as compared to untreated silage was a pH decrease with the inoculant
combined to the 10% molasses level.

Pearl millet (Pennisetum americanum) — A late summer crop of pearl millet
grain hybrid (HGM-100) at the soft dough stage of grain maturity (18.9 % DM,
60.2 % NDF in DM) was unwilted, treated with inoculant (Pioneer 1174€») and
stored in a concrete stave silo. The resulting silage was poorly preserved, with a
predominantly acetic fermentation (4.23 % acetic acid in DM) and the need to
add a low level of readily available carbohydrates was indicated (Utley et al.
1995).
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c. Other genera

Bermudagrass (Cynodon dactylon) is a stoloniferous and rhizomatous
perennial, growing in the tropical, subtropical and warm temperate
regions, with cultivars that tolerate frosts (Mannetje and Jones 1992).
Wilted bermudagrass conserved as round bale silage is being used in the
southeastern United States as an alternative to hay making and some of
the first tests with a combination of enzymes containig cellulase and an
inoculant showed potential to improve fermentation and dry matter
recovery (Bates et al. 1989).

A thorough study by Uma@a et al. (1991) was conducted with Tifton 81
bermudagrass which was harvested at the late jointing stage of growth
and ensiled either unwilted (32.4 % DM, 2.85 % WSC in DM) or wilted (44.1
% DM, 4.14 % WSC in DM). Both materials were chopped and either left
untreated or a) with dried sugar cane molasses at 5 % of forage DM added,
b) inoculated with a mixture of Lactobacillus plantarum and Streptococcus

faecium (1174 Pioneer € at 3x10° CFU/g DM), c) prepared with a
combination of the inoculant treatment plus the dried sugar cane
molasses, all treatments being packed by hand in 19-liter plastic
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containers. According to the authors, all unwilted silages went through a
less than satisfactory fermentation, whilst the application of molasses and
inoculant to wilted bermudagrass had an additive effect and produced
stable silages having the lowest pH, lowest concentration of ammonia, and
greatest lactic acid concentration and in vitro organic matter digestibility.
Hence, according to the Cooperative Extension Service from the University
of Florida adding a bacterial inoculant and molasses to wilted
bermudagrass is more beneficial than adding just molasses or inoculant
alone (Staples 1995).

Rhodesgrass (Chloris gayana ) is a stoloniferous creeping or occasionally
tufted perennial that thrives under a wide range of tropical and
subtropical temperatures (Mannetje and Jones 1992). Ridla and Ushida
(1998) used a first growth of rhodesgrass harvested at the heading stage
(21.8 % DM, 5% WSC and 66.4 % NDF in DM) ensiled in 2-liter vinyl bottle

silos. An inoculant with Lactobacillus casei was added at 10° CFU/ g fresh
sample either alone or combined with increasing levels of cellulases (A
-Acremonium cellulolyticus and/or M - Trichoderma viride). The combined
treatment of inoculant plus enzymes showed lower pH values and higher
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lactic acid contents with increasing amount of cellulase addition. All
combined treatments reduced NDF, ADF and in vitro DM digestibility of
silages compared with the untreated silage, probably meaning that
enzymes hydrolyzed especially the more digestible components of plant
cell wall. The combinations inoculant plus cellulase A were the most
effective. A parallel test with fermentation temperatures suggested that
samples incubated at 40€)C resulted in better silages than those at 20 or
30€ C. It is also concluded that the absence of effect in the inoculant
treatment was due to the low WSC available in rhodesgrass. These same
treatments were also applied to italian ryegrass harvested at the heading
stage ( 21.7% DM, 7.2% WSC and 59.2% NDF in DM) and the results on NDF
and ADF disappearances of the inoculant and enzyme mixtures as
compared to those with rhodesgrass suggest that the cell wall components
in rhodesgrass silages were more resistant to degradation by the cellulases
(Ridla and Ushida 1999 b). In general , within the various treatments
regarding fermentation products and chemical composition, ryegrass
produced better silages than rhodesgrass (Ridla and Ushida 1999 a).

Weeping lovegrass (Eragrostis curvula ) is a densely tufted perennial,
stems slender to robust, 30-120 cm high, drought-resistant (Bogdan 1977).
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A six weeks growth of this forage (37.8 % DM, < 2 % WSC, 79.2 % NDF) was
ensiled unwilted, but treated with an inoculant/enzyme mixture (Sill-All€

with L. plantarum, S. faecium and Pediococcus acidilactici at 108 CFU/ g
fresh material) resulting in a silage with lower pH, ammonia-N, butyric and
acetic acid content and a higher lactic acid content compared to the
control silage (Meeske 1998).

3. Feed ingredients and by-products as additives

The incorporation of easily fermentable feed ingredients such as sugar or molasses
to low DM sugar-limited tropical forages is a way to improve silage fermentation.
Feed-grade products such as grains in general and processed by-products such as
corn or sorghum meal, rice bran, cassava meal , citrus pulp, etc. can also be used as
additives partly to provide fermentable substrate but also to direct the course of
fermentation by absorbing excessive moisture. To optimize their effectiveness by
avoiding effluent losses they have to be used in relatively high rates (aiming a DM
content > 25 % of the mixture) and adequately mixed with the chopped forage,
which demands extra labour and/or appropriate equipment. This type of additive
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may be of seasonal and local supply and cost effectiveness should also consider the
improvement achieved in nutritive value.

Molasses

Cane molasses (75 % DM) has been widely used added up to 10 % w/w to provide
fast fermentable carbohydrate for the ensilage of tropical herbages. Due to its
viscosity it is difficult to apply and should be diluted preferably with a reduced
volume of warm water to minimize seepage losses. When applied to tropical grasses
molasses should be used in relatively high concentrations (4 to 5%) and with crops
of very low DM content, a considerable proportion of the additive may be lost in
the effluent during the first days of ensilage (Henderson, 1993).

However, according to Woolford (1984) the provision of extraneous sugar alone is
not sufficient to permit the lactic acid bacteria to compete with other components
of the silage microflora and thus ensure preservation. So, under high moisture
conditions molasses can also induce a clostridial spoilage especially with forages
contaminated with soil.
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Sugarcane molasses added at the rate of 3 % (w/w, fresh basis) to Napier grass (12.9
% DM, 6.6% WSC) produced silages of reasonably good fermentation quality ,
reducing , however, the nutrient recovery from the silo, as compared to formic acid
treated silage (Boin 1975) . The same molasses dosis also resulted in increased in
vitro DM digestibility coefficients of Napier grass ensiled at 51, 96 and 121 days of
vegetative growth (Silveira et al. 1973).

Dwarf elephant grass (cv.Mott) cut at 72 days regrowth (14.4 % DM, 7.1% WSC ) with
a high buffering capacity was treated with 4 % molasses and ensiled in 4 kg
polythene bags with the resulting silage having lower pH and ammonia-N than the
control silage (Tosi et al. 1995).

Four levels (0, 4, 8, and 12%) of dried molasses (97 % DM) were applied to chopped
bermudagrass (32.4 % DM, 70.2 % NDF) pre-treated with 1174 Pioneer € silage
inoculant (1.7 I/t of forage) and packed in 19-liter plastic containers. The increasing
molasses levels lowered pH, ADF, and NDF percentages and increased in vitro DM
digestibilities in bermudagrass silages (Nayigihugu et al., 1995).

Guinea grass with 4 weeks (18.6 % DM) and 8 weeks (26.5 % DM) of growth was
ensiled untreated or with 4 % molasses in 400 g laboratory silos. The pH varied from
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4.4 to 5.4 and from 4.0 to 4.7 and ammonia-N ranged from 23.5 to 35.3 and from 15

to 39, respectively, for untreated and molasses treated silages (Esperance et al.
1985).

Tjandraatmadja et al. (1994) tested the effects of 4% and 8% molasses added at the
ensilage of Panicum maximum cv.Hamil, pangola grass (Digitaria decumbens) and
setaria (Setaria sphacelata cv. Kazungula) harvested at 4, 8 and 12 weeks of growth.
The results from a laboratory trial with 500 g-vacuum sealed silo bags kept in a dark,
temperature controlled room led to the conclusion that 4 % (w/w) molasses should
be sufficient to achieve effective preservation. Pangola grass which had a highly
significant different chemical composition prior to ensiling , with lower NDF and
lignin content presented a dominant homo-fermentative lactic acid bacteria
population in silage which was fairly well preserved even without molasses.

Starch sources

It is controversial to what extent starch is an available substrate for lactic acid
bacteria (Woolford, 1984) . Jones (1988) recovered 100 and 90 % of starch from
barley and oats, respectively, added at the ensilage of ryegrass, attributing an
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improved fermentation to the substrate available from 3 - 4 % of soluble
carbohydrates or from fractions such as €-glucan contained in the cereals and not
to a hydrolysis of starch.

The effects of adding molasses ( 5 % w/w) or ground maize (5% and 10 % w/w) to
star grass (Cynodon nlemfluensis) mixed or not with four levels (0, 15, 30, 45 % w/w)
of legume (Desmodium uncinatum) were studied in a laboratory trial by Sibanda et
al. (1997). In general, both additives improved fermentation up to the level of 30 %
of legume inclusion, however, molasses addition resulted in lower levels of volatile
N and higher lactic acid content compared to the control and both ground maize
treatments .

A first growth of Napier grass was hand-harvested under rainy conditions (8.6 %
DM, 67.6 % NDF), chopped to 3 cm, treated with 4 % molasses and/or 15 % defatted
rice bran ( 2.0 % crude fat) on the fresh grass basis and ensiled in plastic bags. DM
contents of silages were 13.4 %, 20.1 % and 22.5 % and spoilage losses were 5,6%,
0.3 % and 3.0 % for treatments with molasses, rice bran and their mixture,
respectively. Treatment with plain rice bran had the highest content of acetic (6.7 %
of DM) and propionic (1.4 %of DM) acids and ammonia-N but the lowest content of
lactic acid. The authors (Yokota et al. 1998) concluded that the combination
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molasses/rice bran can improve the fermentation quality and enhance the
utilization of the silage by goats, more than each additive as a single treatment.

Cassava (Manihot esculenta) tuber meal (72.1 % WSC) and coconut (Cocos nucifera )
oil meal (17.6 % WSC) were both added (5 % wet basis) to Guinea — A (Panicum
maximum ) with 17.7 % DM and 6.3 % WSC and to NB-21 (Pennisetum purpureum X
Pennisetum americanum) with 16.3 % DM and 9.9 % WSC forages, chopped (1.5 cm)
and ensiled in 2 kg laboratory silos. Both additives improved fermentation as
compared to untreated silages of both forages, with greater effects in silages with
cassava tuber meal (Panditharatne et al. 1986).

Elephant grass was harvested at 75 days growth (19.4 % DM, 72 % NDF) and ensiled
in 300 kg asbestos/cement containers either unwilted or wilted (29.6 % DM) both
materials with or without 8 % ground sorghum grain (w/w). Wilting was achieved by
exposing crushed forage stems three hours in windrow after harvesting with a
mower/conditioner (New Holland) . Sorghum addition to both wilted and unwilted
silage increased DM contents, reduced ethanol and acetic acid contents and
increased intake of digestible energy as measured in sheep (Alberto et al. 1993).

Silages of elephant grass cv. Gua€yu were obtained adding 0, 8, 16 and 24 % (w/w)
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either of ground ear corn with husks, wheat bran or "sacharin" (urea treated sugar
cane, with 12.6 % crude protein, 17.5 % crude fibre in DM) to unwilted forage (12.40
% DM, 10.4 % WSC) harvested with a precision chopper (3 mm chopp lenght) and
packed into 200 | plastic containers with a layer of ground hay at the bottom to
absorb effluent (Andrade and Lavezzo 1998a). Ground ear corn was more effective
to increase DM content and to restrict lactic acid production while reducing
ammonia-N which reached 31.3 % and 36.2% for "sacharin” and wheat bran
treatments, respectively (Andrade and Lavezzo 1998b).

The fermentation pattern of wilted elephant grass cv. Taiwan-A146 silage ( 8 hour
wilting, 26.6 % DM, 6.74 % WSC) did not differ from silages made of unwilted grass
(23.5 % DM, 7.2% WSC) prepared with a cassava starch by-product added at 2, 4, 8
or 12 % (w/w). According to the authors (Ferrari Jr. et al. 1999) the relatively low
lactic acid levels demonstrate that the substrate was not available to lactic acid
bacteria.

Citrus pulp
Fresh citrus peels have been added at the ensilage of Napier grass with levels up to
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50% improving fermentation quality as measured by low pH values and low butyric
acid content and adequate lactic acid production (Faria et al.1972). Citrus peels may
contain 50 % WSC in DM but the low DM content (14 — 21%) and intensive initial

fermentation lead to high seepage losses causing a serious pollution problem
(Ashbell 1992).

Dried citrus pulp added at the ensilage to low DM forages may increase its weight
by 145 % by absorbing excessive moisture thus preserving nutrients which otherwise
would be lost by effluent and uncontrolled fermentation (Vilela, 1998). The DM,
WSC and fermentation acids content of elephant grass silage was increased whilst
pH was reduced with the use 0, 5, 10, 15, and 20% of dried citrus pulp (Faria et al.
1972). Levels up to 30% of dried ground citrus pulp were added to a 75 days
regrowth of elephant grass resulting in silages with a corresponding linear increase
of DM content (y= 0.49x + 24.0), a pH in a range from 3.49 to 3.68 and a linear
decrease of ammonia-N (Evangelista et al. 1996).

4. Formic acid and/or formaldehyde treatments
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Commercial formic acid (85%) has been extensively used for the ensilage of unwilted
temperate grasses but is gradually being substituted by biological additives,
certainly because it is unsafe in handling and application and corrosive to
equipment. Information about the use of such additives on tropical forages is
limited to research data and no literature was found reporting farm-scale adoption.

Earlier studies by Boin (1975) with the production of young, high-protein, low WSC
and DM elephant grass have shown that a 0.8 % rate of formic acid is needed for a
reasonably good silage fermentation , while Vilela (1984) found no effectiveness
based on silage composition when applying formic acid at various rates to unwilted
or wilted elephant grass. On the other hand 0.5% formic acid treated elephant grass
had not only an improved fermentation but also higher intake and digestibility as
compared to the untreated control (Silveira et al. 1980).

King grass (Pennisetum purpureum x Pennisetum typhoides) silage treated with
formic acid (3.5 1/t) showed better fermentation quality than benzoic acid treated
and untreated silages (Ojeda and C€ceres 1984). In a review by Ojeda (1993) on the
use of mineral or organic acids as well as of antimicrobials it is concluded that for
the ensilage of tropical forages kind of additive and aplication rate need to be
determined specifically according to the type of forage.
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Formalin (35-40% formaldehyde solution) has also been used as a silage
preservative, especially aiming at reduced protein degradation in the silo and thus
increasing undegradable protein in the rumen of silage-fed animals. Formaldehyde
restricts considerably fermentation of silage; 0.8% formalin (w/w fresh basis) almost
sterilizes the ensiled mass of elephant grass and reduces digestibility of silage (Boin
1975). A dosis of 0.5% formalin (w/w) applied to a mixture of elephant grass with
cassava tops (20.3% DM, 8.5 % WSC) reduced ammonia-N and increased precipitable
protein in silage, however without suppressing a clostridial fermentation (Zanotelli
and M@hlbach 198). Studies with a 70% formalin plus 26% formic acid plus 4%
water mixture applied 0.2 % (w/w) to elephant grass (13% DM) aiming at a rate of 4
g formaldehyde/100 g crude protein in forage resulted in poor fermentation quality
and impairment of nutritive value of silages produced (Lavezzo 1993). Accurate
formaldehyde rates necessary to improve fermentation in the silo as well as to
obtain a protein protection effect in the rumen are difficult to achieve especially
under farm-scale conditions (M€hlbach and Kaufmann 1979).

5. Other additives
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Salt — The addition of 1% sodium chloride to a mixture of wilted elephant grass and
cassava tops (28% DM, 9.5% WSC) was not effective to improve fermentation of
silage as compared to the unwilted control (Zanotelli and M¢hlbach 1989).

NPN additives — Such additives as particularly urea when added to high dry matter,
low buffering forages (maize or sorghum grain) increase crude protein content and
are claimed to improve aerobic stability of silage at feedout. In a review by Lavezzo
(1993) on the use of urea as a silage additive for elephant grass it was concluded
that with low DM forage and in the absence of additives rich in WSC such type of
product should not be recommended when aiming an improvement of
fermentation. Generally, pH value, ammonia-N and acetic and butyric acid contents
are increased. Singh et al. (1996) registered the highest pH values and ammonia-N
levels associated to higher anaerobic proteolytic bacterial populations in Sorghum
bicolor silages (34 % DM) made with 0.5 % urea. Other NPN sources as ammonium
sulfate and biuret, either alone or associated with urea, calcium carbonate or starch
sources have also been tested on their effects on silage fermentation, digestibility
and intake. The results as rewieved by Vilela (1984) do not favour their use as silage
additives either. According to Bolsen (1999), NPN always acts as a buffer during
fermentation, requiring extra lactic acid to be produced to lower the pH enough for
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preservation, thus increasing DM loss.

Poultry litter — This waste product cannot be considered as a typical ensilage
additive but has been mixed with easily fermentable forages as a way to increase
crude protein content and to eliminate potential pathogens in litter through
fermentation (Al-Rokayan et al. 1998; Rasool et al. 1998; Fontenot and Jurubescu
1980). It can also be used to increase DM content of the ensilage of elephant grass
(Lavezzo 1993). It may present high protein together with a high ash content, which
increases buffering capacity and may negatively affect fermentation. Almeida et al.
(1986) ensiled elephant grass (20.3 % DM, 7.9 % WSC) together with 15 % sugarcane
and 5 % broiler litter producing a silage of good fermentation quality; however the
mixture with solely 10% litter produced silages with very high butyric acid content
(2.36% of DM) and ammonia-N.

6. Conclusions and recommendations

Biological additives— when applied to higher quality tropical forages more suitable
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to ensilage, such as forage sorghum, fermentation is improved and in silo losses are
reduced , however, silages are more liable to aerobic deterioration demanding a
good feed-out management particularly with large silos.

With good quality (early growth stage) tropical pasture forages, which lends itself to
fast wilting, both treatments wilting and biological additive (inoculant alone or in
combination with an effectively proven enzyme mixture) can be recommended.
Products so far tested, particularly with the ensilage of the thick-stemmed
Pennisetum species, do not show consistent positive results regarding fermentation
characteristics of silages. More field-scale research is needed to test additive effect
on nutrient recovery with silage stored in small well-sealed plastic silos as might be
realisable with smallholders. Biological additives are generally available as powders
or granules which need to be applied mixed with water to allow a proper mixing
with the forage. Sprinkling homogeneously with a watering can could be an
alternative under smallholder conditions to spraying with a metered liquid sprayer.

High quality feeds and by-products — are so far the best option as additives for the
hard-to-ensile forages such as the thick-stemmed Pennisetum and Panicum species.
They may be relatively expensive, but cost-effectiveness should always consider the
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improvement in nutritive value of the ensiled forage. Molasses would be more
adequate for wilted or higher DM (>25%) materials, while starch sources could be
used alone but also combined with molasses for the ensilage of low DM, unwilted
forages. Locally available and cost-effective absorbents such as dried citrus pulp can
also be a good alternative.

Additives with restricted use - Formic acid can improve fermentation but most
probably will not be cost-effective and realisable under smallholder conditions.
More tests would be needed with other acids to determine dosage according to the
type of forage. Formalin could be cheaper but results with the ensilage of tropical
forages are inconsistent. NPN products are not the choice additives for low DM, low
WSC forages; they could be used with wilted forage, preferably in combination with
a readily fermentable substrate such as molasses.
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Electronic Conference on Tropical Silage

Final Remarks and Analysis of Questionnaire

S.G. Reynolds

E-mail: stephen.reynolds@fao.org
Grassland and Pasture Crops Group,
Crop and Grassland Service, FAO, Rome, Italy

The Conference

The Electronic Conference on Tropical Silage ran for just over three months from earl
September into December 1999. Altogether there were some 355 subscribers from 68
countries [Participants by FAO Region - Africa: 28; Asia 40; Europe: 72; Latin America
and the Caribbean: 148: Near East: 7; North America: 20; Southwest Pacific: 25 and
Unspecified: 15].
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There were 10 main papers and a paper summarising the discussion, as well as 26
posters. These are now available on the FAO Grassland and Pasture Crops Group
Homepage:
http://www.fao.org/WAICENT/FAOINFO/AGRICULT/AGP/AGPC/gp/SILAGE/Home.hti
and the Proceedings will be published in due course.

Details of the countries (by FAO region) of subscribers and contributors (papers and
posters) are given in the table below.

The Questionnaire

61 completed questionnaires were returned by the cut-off date. Assuming all
participants received the questionnaire this represents a return rate of just over 17%.
Details of the countries (33) from which completed questionnaires were returned are
given in the table below. The returned questionnaires have been analysed and result
are presented below under three headings: Details of Participants, The Conference
and Silage Making.
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Details of Participants

Participants were mainly male (90%), in the 31 - 50 year age group (61%) and
predominantly academics (34%), researchers (26%) and consultants (16%).

1. Gender
Male: 90%
Female: 10%

2. Age Group

< 30 years: 8%
31-50 years: 61%
> 51 years: 31%

3. Occupation

Farmer: 3%
Extension Officer: 3%
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Teacher: 5%
University Lecturer/Reader/Professor: 34%
Consultant: 16%
Policy maker: 1%
Other: 38%*
[* including Researcher: 26%; Postgraduate Student: 5%; Retiree: 3%]

Comment: A number of respondents ticked more than one box, as they were, for
example, both lecturers and consultants.

The Conference

Most participants were happy with the duration of the conference and the interval af
which papers were posted (84% and 94% respectively). Although 97% indicated that
the main papers covered their main interests in silage making, several respondents
would have liked more information on smallholder silage production with the focus
on practical case studies and economics. 43% mentioned that they learned something
from all or most of the papers, 18% did not answer this question while others listed :
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number of specific papers, which they found particularly interesting. 98% of
respondents were satisfied with the sending of papers by e-mail and their posting on
the website. Although the Proceedings will initially be available in English, the
language preference if the Proceedings are translated in future, remained English
(72%), followed by Spanish (22%) and then French (5%). This may, however, not
represent the actual need on a worldwide basis.

1. Duration
Too Long: 13%
Just Right: 84%
Too Short: 3%

Comment: One respondent would have preferred a longer conference to discuss worl
in progress on silage.

2. Paper Interval

Too Frequent: 3%
Just Right: 94%

Nnt Eraniniant Fnanch: 204
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IVUL 1 TEYUEIIL LITVUGIT: J/U

3. Main Interest Covered

Yes: 97%

No: 3%

Comment: Several respondents would have liked more information on smallholder
silage production and economics; practical case studies on smallholder scale silage
making, extension and technology adoption and silage making as part of the farm
system.

4. Most Interesting Papers (s)

18% did not answer this question while 43% mentioned that they learned something
from all or most of the papers. Where individual papers or posters were mentioned
the five most frequently listed were:

"The future of silage making in the tropics" - 't Mannetje
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"Grass and legume silage in the tropics" - Titterton and Bareeba

"Silage fermentation processes and their manipulation" - Oude Elferink et al.
"Little bag silage" - Lane

"Use of ensiled forages in large scale animal production systems" - Cowan

5. Satisfied With E-mail and Website

Yes: 98%
No: 2%
Comment: The one negative comment related to problems with a PC.

6. Language of Proceedings

[Initially in English, but if translated in future, preferred language]
English: 72%

Eranrh: K04
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Spanish: 21%

Comment: One respondent listed Portuguese and several mentioned both English
and/or Spanish. One respondent noted that as co-ordinator of an international cours
on tropical animal production and health attended by veterinarians and agronomists
from French speaking countries, a French translation of the Proceedings would be
welcome as there is much good material.

Silage Making

1. Silage making in respondents' area (type of activity - large farm or smallholder)
Yes: 77%

No: 20%

Comment: 3% did not answer this question.

As replies came from respondents in developed and developing countries then
answers tended to vary accordingly. In most of the developed countries silage making
was widely practised on both large, medium and small farms (round bales and plastic
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wrap technology in addition to pit and tower silos) and both in the dairy (mainly) anc
beef sectors. In developing countries silage making was mainly restricted to some of
the larger (dairy) farms, although it was noted in Thailand that in year 2000 it is hope
to demonstrate silage making to 600 smallholders. In Kenya where 80% of the milk is
produced by smallholders it was recognised that there is a need to encourage greater
adoption of silage (and hay) making.

2. Future of silage
(a) Suggestions for increasing the uptake of silage making technology

Silage making:

find least cost, simple technologies, reduce costs and labour demands
and make greater use of crop residues;

reduce the negative impact of bad silage making by ensuring that basic
principles of good silage making are understood and applied;

reduce the moisture percentage before ensiling materials, use high
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quality materials and focus on grass/legume silage because inputs likel
to be much lower than maize/sorghum and other silages; several
respondents noted that the simple and cost free process of wilting the
source material prior to ensiling greatly enhances the quality of the
silage and rate of success; farmers have often had poor experience
because the material has been too wet;

promote the use of molasses with tropical grass silage;

focus on by-product silage production with simple technology (and
variable formula depending on resources available) to ensure continuit
of feed supply in dry season (with benefits through more income, food
security and less environmental pollution).

research for the development of silage making technologies should be
conducted with farmers;

intensify participatory research especially in silage additives and
machinery;
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need techniques for production of small quantities of silage (e.g. little
bag silage ) which are practical and easy for small farmers to use and
which can be developed in co-operation with the farmers to suit both
their environments and resources.

in some countries there may be scope for the development of silage
making by smallholders for selling on to other farmers, peri-urban
dairies etc. In Pakistan it was suggested that silage making needs to be
commercialised; several respondents suggested that because of the
costs involved there was a need for government sponsored silage
making projects. In the Northern Territory of Australia there might be
scope for smallholders to produce and sell small bale silage, but likely
to need silage contractor service to provide machinery on contract basi
when needed.

some countries identified specific research needs such as Malaysia
where focus is needed on the promotion of oil palm frond silage for
beef and milk production.
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Dissemination of knowledge:

more extension and demonstration;

better training of extensionists in silage technology since they are
the key to better diffusion of the technology.

Technology uptake:

need for greater focus on participatory methodologies when
introducing such technologies on farms;

strengthen research-extension-farmer linkages;

more active information campaign and participatory approach in
technology delivery - need to demonstrate success stories;

farmers can learn from other farmers and other countries by seeing
success stories for example on video;

make more comprehensible to smallholders so they can see that
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the economic benefits are sufficient to justify labour and other
inputs.

General

need to be able to demonstrate to farmers that well made silage
pays off in increased returns;

only target at medium to large scale enterprises where economic
conditions are favourable and farmers are more likely to adopt
technology than small scale mixed farmers;

doubtful if smallholders will make silage to any extent but will use
if available. Silage has to be a portable commodity;

farmers must first see a need (e.g. long dry season) and have on-
farm evidence that feeding silage to livestock will result in benefits
(i.e. economic returns);

some respondents suggest that the technology is there and there is
need to apply and adapt in various situations (by farmers
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themselves);

collection of case studies where silage making techniques have
been adopted by smallholder farmers and develop a list of pre-
conditions before silage making techniques can be expected to be
adopted by smallholder farmers.

(b) Suggestions for priority actions (and by whom)

research organisations to evaluate technologies and the benefits of
silage making/utilisation under appropriate farmer conditions
before widely recommending technologies; in particular look for
simpler and less expensive methods of silage making for
smallholders; costing of silage making is a very important area and
there is need to identify where silage making is profitable (and be
aware that use is likely to be tied to the accessibility to farmers of
high value markets for animal products to compensate for the cost
of inputs required);

more on-farm demonstrations, however, these should only be
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undertaken by well trained extension staff;

training courses on silage making techniques resulting in better
trained extension workers, particularly in participatory
methodologies;

production of better extension materials;

extension services/research organisations to review silage use and
identify milk producers who could benefit from extension of silage;
use participatory techniques to better define feed problems of
target farmers; participatory trials at farm level for silage
demonstration, especially with progressive farmers/model farmers;

demonstrate that silage making can be an income generating
activity for non-farm groups (income generation groups);

strengthen research-extension-farmer linkages;

local government officers/extension service to take the initiative to
demonstrate methodologies and benefits of silage making and
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establish pilot projects to demonstrate to farmers;

in smallscale crop/livestock production systems emphasis should
be on use of crop residues and agro-industrial by-products;
agriculture ministries to survey types, quantities, quality and
seasonal availability of by-products and current level of use. Then
practical programme of research and extension to demonstrate a
range of model feeding systems based on ensiled by-product
utilisation;

industry should improve machinery for wilting and fine-chopping
and also develop equipment for small-scale operations;

work is needed to clarify which of the many additives are actually
useful;

FAO to further develop little bag silage technology;

future research to evaluate enzymes as silage additives for forages
that are difficult to ensile or low in digestibility;
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make a record of various case studies which demonstrate the
technologies and practice of successful silage making/uptake by
farmers;

government assistance may be needed in a number of countries to
provide the necessary infrastructure and establish silage-making
industry;

FAO to publish Proceedings of the electronic conference in
different languages to ensure information widely available.

3. Other comments (on the Conference)

although in-depth analysis was lacking the conference has been
very useful for extension workers;

very useful and successful conference; this should be repeated in
2002 (and conferences on other topics held);

excellent information in this conference on principles of silage
making BUT really need another conference to focus on the
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"practicalities" of getting smallholders to try out the technology.
Need for case studies of where villages/smallholders have
successfully tried out silage making, with details of costs and
benefits. This comment was echoed by several respondents;

in future need a paper on costs (labour requirements, machinery
and other items like plastic covers etc.) and factors affecting. Costs
are main factors restricting silage use;

conference material will be used in teaching at university and in
preparing handouts for farmers.

some papers are being translated into Spanish to share with field
technicians;

all papers and posters have been circulated to colleagues and
students;

the idea of using posters was good as most were brief and very
informative;
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a number of respondents noted that in addition to the formal

papers, posters and discussion they had informal exchanges with
other participants on various subjects.

Table showing Contributors, Subscribers and Respondents by Country (and FAO

Region).

FAO Contributors (Subscribers Questionnaire

Regions (Papers and Respondents
Posters)

Africa Kenya, Tunisia,|Benin, Ethiopia, Ghana, Kenya,
Uganda and |Kenya, Malawi, Mauritius, Mauritius and
Zimbabwe Niger, Nigeria, South Africa, [Zambia

Tunisia and Zambia

Asia China, Japan, |Cambodia, China, India, India,
Malaysia, Indonesia, Japan, Malaysia, |Malaysia,
Pakistan, Nepal, Pakistan, Philippines, |Pakistan,
Philippines Thailand and Vietnam Philippines,
and Thailand Thailand and
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\/iatnam
Europe Israel, Austria, Belgium, Denmark, /‘-'\JstrTa,
Netherlands |France (including La Belgium,
and UK Reunion), Finland, Germany, |Denmark,
Greece, Italy, Malta, France
Netherlands, Portugal, Spain,|(including La
Sweden, Switzerland, UK and|Reunion),
Yugoslavia Finland,
Germany,
Malta,
Netherlands,
Portugal, Spain
and UK
Latin Brazil, Chile, |Antigua, Argentina, Bolivia, [Argentina,
America Costa Rica, Brazil, Chile, Colombia, Brazil,
and the Cuba and Costa Rica, Cuba, Dominican |Colombia,
Caribbean [Uruguay Republic, Ecuador, El Costa Rica, El
Salvador, Honduras, Jamaica,|Salvador,
Mexico, Nicaragua, Panama, |[Ecuador,
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Peru, Puerto Rico, Uruguay [Honduras,
and Venezuela Mexico, Peru
and Venezuela
Near East Afghanistan, Egypt, Kuwait,
Lebanon and Saudi Arabia
North Canada and USA USA
America
Southwest |Australia and |Australia, Fiji, New Zealand [Australia and
Pacific New Zealand |and Papua New Guinea New Zealand

D:/.../meisterl1l.htm

251/251



