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ABSTRACT

This study investigates the use of 200 L steel drums, 120 L plastic drums and small
round bales (800 mm lond x 450 mm diameter) wrapped in plastic film as silos when
making silage from tropical legumes, (cavalcade, Cen'rosema pascuorum, and
calopo, ('a/opogoniurn mucunoides),

and tropical grasses (pangola

erianiha, and elephant grass, Pennisetum purpureum).

,

Digitaria

Using the above herbages

silages were made at various DM contents and without additives.

In addition, the nutritive value (and for silages, fermentation quality) of silages and
hays made from cavalcade legume and pangola grass were compared. Nutritive
value was assessed from measures of Dry Matter (DM) content, Digestibility
(DDM), Energy content (Gross Energy, GE, and Metabolisable Energy, ME), and
Nitrogen content (total N, and Crude Protein, CP). The fermentation quality was
assessed by the pH and by the relative proportions of lactic, acetic and butyric acids
in the silages. Ammonia-N content was also determined for baled silages.

Silage production from high DM forage in both steel and plastic drums was
successful but dominant fermentation products varied. Wilted cavalcade legume and
wilted pangola grass produced lactic acid dominant fermentations with minor acetic
and zero butyric acid concentrations. Acetic acid dominated in wilted calopo silages
preserved in plastic drums. Low DM elephant grass ensiled in plastic drums
fermented poorly to produce high acetic, lower butyric, and zero lactic acid silages
typical of a clostridial fermentation.

Plastic drum silos had lower spoilage (p <0.01) than steel drum silos and were not
affected by silage acids, whereas after three years of annual use steel drums were no
longer suitable as silos due to corrosion.

Small bales of lacerated cavalcade legume formed good quality silages which had
dominant lactic, low acetic, minor butyric acid contents with low ammonia-N
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production (<5% total N) and low spoilage (11.5

±

ix
4.03%). Bales of unchopped

pangola grass had ethanol dominant fermentations in which lactic acid content was
greater than acetic acid, butyric acid production was minor, ammonia-N production
<5% total N, and low spoilage (2.82 + 0.75%).

The nutritive value of cavalcade legume and pangola grass pastures were low, and
further reduced in both hays and silages (p <0.01). The silages were higher nutritive
value than hays (p <0.01).

Representative nutritive values for i) cavalcade legume and ii) pangola grass pasture
v silage v hay were i) DM: 233, 553, 922 g kg 1 , DDM: 551, 527, 425 g kg 1 DM,
ME: 8.2, 7.7, 6.1 MJ kg'DM, CP: 204, 161, 131 g kg'DM, ii) DM: 221, 545, 920 g
kg', DDM: 600, 578, 488 g kg 1 DM ME: 9.0, 8.5, 7.1 Mi kgDM, CP: 130, 110,
,

100 g kg 1 DM.

Nutritive values for bales of both silages and hays were maintained over a 7 month
storage period. Silage fermentation and nutritive values were unaffected by silo
storage location (inside / protected from weather v outside / unprotected from
weather).

In both species lower DM silages had higher ammonia-N contents. There was no
significant relationship between bale bulk density and fermentation quality.

It was concluded that i) good quality silage can be made from wilted tropical forage
ensiled without additives, ii) cavalcade legume and pangola grass silages have higher
nutritive values than hays made from the same pastures harvested at the same growth
stage, iii) small bales wrapped in plastic film are more cost effective ($ kg 1 DM) for
silage production than either 120 L plastic or 200 L steel drum silos, iv) small bale
silage production has good potential as a wet season fodder conservation
management strategy for small landholder farmers in tropical areas.
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CHA?TER 1

INTRODUCTION

1.1

Feed Resources in the Tropics

The main limiting factor for ruminant production in tropical countries is the lack of
good quality feed throughout the year. In the wet / dry tropics, seasonal rainfall
provides a period of abundant green herbage at its peak nutritive value followed by a
period of lower quality mature herbage, when this is still available (Blair et al. 1985;
Preston and Leng 1987). Farms in SE Asia and in some parts of Northern Australia
are generally small in area, with a few head of livestock which graze natural pastures
or the limited amount of improved pasture. The availability of forage to maintain
animal production in the dry season becomes a critical factor faced by many of these
farmers. The abunthnce of vegetation in the wet season can be used to conserve
forage for the dry season when plant growth is severely restricted, and natural feed is
in short supply. This study sets out to demonstrate that in this context, making silage
has practical and nutritive advantages over making hay.

1.2

Silage Production in the Tropics

Silage production is not a common practice for farmers in the tropics. There is a
general perception that silages made from tropical pastures are charactensed by low
protein, low lactic acid content, associated with high ammonia and high acetic acid
content, and that the dominant preservative is acetic acid rather than the more
nutritionally acceptable lactic acid of temperate silages (Catchpoole and Henzell
1971; Aguilera 1975). In SE Asia, and most other regions in the tropics, the
agricultural sector largely comprises small landholder farmers (Siregar et al. 1985).
The farms are generally highly integrated systems which are successful and
sustainable at a certain, but low, level of productivity (Ffoulkes 1992). Where
conservation is practiced hay, not silage, is produced using fodder such as stacked
straw.
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Research done by Panditharatne et al. (1986), and Tjandraamadja et al. (1993)
indicates that tropical forages can produce successful silage in small volumes in
closely controlled laboratory situations. A variety of silo types have been
successfully demonstrated. For example Spitaleri et al. (1995) used PVC pipe with
Penniset urn sp, whilst several researchers have used drums of varying volumes
(Laforest et al. 1986; Magno et al. 1986; Xiccato et al. 1994). More recently the use
of round bales wrapped in plastic film to make silage have been gaining greater
acceptance using temperate forages (Beaulieu et al. 1993; Givens et al. 1993; Mir et
al. 1995). The techniques of baled silage production are almost untested using
tropical herbages.

1.3

Small Landholder Farmers

Socio-economic factors affecting the small landholder farmers are contributing to
the following trends:
• population increases are continually forcing both more intensive uses of the
most fertile land (Siregar et al. 1985), and the opening up of more marginal
land for agriculture.
• the size of the average farm is decreasing with less space in which to plant
forage species. For example the average farm size in indonesia is less than 1.0
hectare (Ivory and Siregar 1984). In the Top End' of the Northern Territory
the situation is similar with a significant increase in the number of farms in the
2.5 10.0 hectare range.
-

• productive land is used for high value crops or for human food production,
whilst feed for ruminant livestock is obtained from natural herbage on
uncultivated land, from roadside verges, from banks separating rice paddies
and fields, and from crop residues (Mclvor and Chen 1985).
• small ruminants (goats and sheep) are increasingly being favoured over larger
ruminants (cattle and buffalo). Indonesia has become the first country in which
small ruminants outnumber large ruminants in a trend likely to be repeated in
tropical countries (Remenyi and McWilliam 1985).

The Northern Territorys Top End is the area north of 15°S (Tupper et al. 1996).

Tropical Fodder Conservation
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3

Future Forage Resources

It has been estimated the demand for forage resources in tropical countries will
double by the year 2000. Although increases in actual production volumes can be
expected, the increased demand is most likely to be satisfied in the short term by
more efficient use of the currently available forage by the increasing numbers of
small landholder farmers (Remenyi and McWilliam 1985).

1.5

Objective of the Investigation

The objective of this study was to determine the best means of producing good
quality silage in the wet season from tropical pastures, preserved without additives,
in small volumes appropriate for small landholder farmers.

Forage Conservation in the Wet I Dry Tropics
for Small Landholder Farmers
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CHAPTER 2

LITERATURE REVIEW

This section briefly outlines the process of silage formation, lists several advantages
of silage over hay as a fodder conservation option, and delimits the concepts of
nutritive value and fermentation quality used in this study.

Factors affecting the production of good quality silage are discussed, with emphasis
on baled silage production and research into ensiling tropical herbage, and attributes
which might define a silage adequate for the maintenance requirement of a 300 kg
steer.

2.1 The Silage Process

2.1.1 The Concept of Silage
Silage is the material produced by the controlled fermentation of fresh forage of
relatively high moisture content (McDonald et al. 1991). The process requires
harvested material to be compressed to exclude air and sealed. Any oxygen that is
trapped in the herbage is rapidly removed by aerobic activity of fungi and bacteria,
and by respiratory processes continuing in the plant material. As anaerobic
conditions become established the fermentation of plant sugars is taken over by
anaerobic bacteria which produce acids, until acid levels are sufficiently high to
prevent any further microbial activity. The acids produced can preserve the plant
matter almost indefinitely as long as oxygen free conditions are maintained during
storage (Kaiser 19841 Woolford 1984). Thus the effectiveness of the silo is
important.

Almost any structure can be used as a silo as long as the plant matter can be
compressed into it and the structure can be sealed to exclude air. Traditional silo
types include those buried underground (pits), and those stored above ground in
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purpose built structures (bunkers and towers), or covered in impermeable plastic
sheeting (eg stacks). More recently bales of plant matter have been wrapped in
several layers of stretch and cling plastic film to form individual, portable silage
units.

The choice of silo type depends on many factors: for example, financial and
machinery resources available, the numbers of animals which are to be fed, how
much plant matter is to be ensiled, whether the silage is to be sold or used on site,
and what sorts of containers are locally available.

2.1.2 Stages in Silage Production
2.1.2.1

Source Material

Good silage is made from good quality herbage such as improved pasture and forage
crops. The plant material is harvested when it has the best combination of maximum
nutritive value and dry matter yield. in the Northern Territory Top End this is mid to
late wet season (Feb-March) when pasture is green and leafy, and before flowering
occurs (Rann et at. 1993). If a crop is harvested too young the nutritive content
available and DM yield will be relatively low in comparison with harvesting at a
more mature growth stage. The silage produced from overmature pasture will have a
high proportion of its nutritive content shed as seed, and the digestibility will be
reduced because of the high proportion of stem in the crop.
Other factors relating to the source material and its management prior to packing
into the silo include the degree of wilting, the type and nature of additives, and the
mean particle size (chop) of the herbage. These are dealt with later in this chapter.

2.1.2.2

From Harvest to Full Silo

The plant material can be ensued as entire herbage, or preferably it can be chopped
into smaller pieces so that it will i) compact better, and ii) liberate plant sugars to
stimulate the activity of bacterial fermentation.
After harvest the plant material may be immediately ensued or allowed to wilt.
Sufficient moisture in the plant is necessary for the fermentation process to produce
a good quality silage, but it is preferable to allow the crop to wilt because drier
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conditions favour the growth of the lactic acid bacteria. If the plant material is too
wet when it is ensiled the quality and nutritive value of the final product is likely to
be inferior due to nutrient loss both in effluent, and by fermentation bacteria using
more of the plant carbohydrates and proteins during an extended fermentation
(McDonald et al. 1991; Kaiser etal. 1996).

As soon as possible after harvest and wilting the plant matter should be packed into
an appropriate silo and tightly compressed to exclude as much air (oxygen) as
possible.

2.1.2.3

Silage Fermentation and End Products

Once anaerobic conditions have been established in the silo the type and extent of
fermentation depends on the characteristics of the forage, and on the type and
quantity of bacteria available to ferment the plant material. Bacteria compete for
available nutrients and their relative success determines the quality of the silage
produced. The first few days in the silo are critical and the most important organisms
arising are the lactic acid bacteria and the clostridial bacteria.

Lactic acid bacteria generally ferment water soluble carbohydrates to lactic acid and
are active in the pH range 4.0-6.8 (McDonald et al. 1991). A lactic acid dominated
fermentation usually produces very good quality silage. Lactic acid bacteria are
further classified as either homofermentative or heterofermentative (McDonald et al.
1991).

Homofermentative lactic acid bacteria ferment hexose sugars to predominantly lactic
acid. These bacteria are facultative anaerobes and when oxygen is present can
produce acetate as a product (Woolford 1984).

Fermentation products from heterofermentative lactic acid bacteria depend on the
nature of the hexose sugar. One mole of glucose is fermented to produce one mole
each of lactic acid, ethanol and CO2 whereas 3 moles of fructose are fermented to
,
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one mole each of lactic acid, acetic acid, CO,. and two moles of mannitol (Woolford
1984)

Homofermentative bacterial activity in anaerobic conditions is preferred because the
production of the relatively stronger lactic acid helps maintain nutritive values by
rapidly lowering the pH and inhibiting the activity of the less desirable clostridia
bacteria (McDonald et al. 1991).

Clostridia generally favour higher temperatures, prefer wet conditions, ferment
sugars, organic acids and proteins, and are inhibited by falling pH (McDonald et al.
1991)

Two types of clostridia are found in silages: i) saccharolytic clostridia which ferment
carbohydrates and organic acid to butyric acid, and ii) proteolytic clostridia which
break down proteins to release ammonia, CO21 and various volatile fatty acids.
Clostridia are undesirable in silages because they reduce the nutritive value of the
product by fermentating proteins, and can ferment lactic acids, thereby increasing
silage pH and favouring further clostridial activity (McDonald et al. 1991; Woolford
1984).

2.1.2.4

Storage

Under favourable conditions the fermentation process can be completed in 7-10 days
(Kaiser et al. 1993). Once fermentation has been completed the composition of
silage will remain stable indefinitely. Spoilage of silage occurs when the airtight seal
cannot be maintained. For example underground storage in areas prone to either
termite attack or waterlogging are unsuitable, and silos which can be punctured, such
as round bales wrapped in plastic film, should be protected from vermin or birds,
and jagged rocks or sticks (Rann et al. 1993).

2.1.2.5

Feeding Out

When the silage is opened and the mature silage fed out aerobic organisms such as
bacteria, yeasts and moulds recommence decay processes. At this time DM and other

Tropical Fodder Conservation

8

nutrient losses can be severe. For example, silage fed in warm humid conditions will
deteriorate quicker than the same silage fed in cooler, dry conditions, and a large
volume of silage fed to only a few animals will result in significant wastage.

2.1.3 Advantages of Silage over Hay
The management decision to make either silage or hay depends on the individual
farming situation. Several factors which favour making silage include:
• A range of forages containing relatively high moisture content can be used as
silage
• Silage can be made when it is too humid and too wet to make hay
• Forages can be harvested for silage at peak nutritive values to make better
quality feed than hay
• Silage can be made earlier in the growth cycle than hay. This is cost efficient,
can help control annual weed growth, and can promote pasture regrowth.
• Silage can be stored for longer periods without deterioration than hay.
• Next to actual pasture, silage is the cheapest form of bulk feed
(Harris 1984; Rann et al. 1993)
• Like hay, baled silage is a marketable commodity and can be conveniently
transported for use "off farm".

2.1.4 Silage Nutritive Value
The nutritive value of a feed depends on its palatability and how much the animal
eats (usually expressed as Dry Matter Intake) and the extent to which nutrients in the
feed contribute to the requirements of the animal (Flinn 1994). Usual measures of
nutritive value of a feed include:
• Dry Matter content;

DM (g kg')

• Digestible Dry Matter; DDM (g kgDM)
• Metabolisable Energy; ME (MJ kgDM)
• Nitrogen; N (g kg'DM), or Crude Protein content; CP (g kg 1DM). ( where
CP is estimated as total N x 6.25).
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Feeds of maintenance level nutritive value provide enough nutrients for an animal to
maintain body weight and stay healthy. For example the daily maintenance
requirement of a 300 kg steer is 5.1 kg DM intake (1.7% body weight) consisting of
8.5

Mi kg 1DM for ME (equivalent to 580 g kg'DM of DDM), and 85 g kg'DM for

CP (irwin and Kellaway 1993).

Maize silage (10 MJ kg'DM, and CP 80 g kg'DM), or Sorghum silage (8 Mi
kg4DM, and CP 90 g kgDM) would meet the above requirements and could
probably support good growth rates when used with feed supplements.

2.1.5 Silage Quality
2.1.5.1 Factors of silage quality
There are two factors that determine silage quality:
• The nutritive value of the ensued material. This is directly related to the
nutritive value of the original material.
• The effectiveness of the silage fermentation processes in preserving the ensued
material.
The quality of the silage can be measured in terms of its nutritive value (see 2.1.4)
and the fermentation quality. The best indicators of fermentation quality include
measures of lactic, acetic, and butyric acids, ammonia-N, and pH. A good quality
silage will have a high proportion of lactic acid and low amounts of ammonia-N,
with minimal losses in nutritive value of source material (Woolford 1984; Kaiser
1984. McDonald et al. 1991).

2.1.5.2

Schemes for Assessing Si/age Quality,

Several means of assessing silage quality are summarised in Woolford (1984). The
Flieg scheme, and its modification by Zimmer, awarded points according to the
relative amounts of lactic, acetic, and butyric acids present in the silage, but did not
take into account the ammonia produced from proteolytic bacterial activity. Other
authors developed schemes which placed varying emphases on the fermentation
products and the silage pH. None of these schemes, which have been developed
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from silage making experiences predominantly in European countries, have gained
universal acceptance.

A checklist proposed by Kaiser et al. (1996) is very useful because it focuses on the
management factors associated with making silage, and provides a good indication
of expected silage quality without using chemical analysis. Factors such as forage
type, stage of growth, fertiliser regime, weed contamination, weather conditions,
crop DM content, and chop length are used to derive a score which indicates
whether a poor fermentation (score <17), or a good fermentation (score >20) is
likely. When silage analysis is possible Kaiser et al. (1996) suggest the best single
indicator of fermentation quality is the ammonia-N content, with other nutrient
measures (DM content, ME, and CP content) being included to provide a basic
assessment of the silage quality as a feed. An outline of this scheme is included in
Appendix 1.

2.1.5.3

Ammonia-N as an Indicator of Fermentation Quality

Ammonia-N is produced by the breakdown of plant proteins. At dry matter contents
greater than 300 g kg, saccharolytic clostridial activity is inhibited but activity by
both proteolytic clostridia and plant proteolytic enzymes can continue (Woolford
19841 McDonald et al. 1991). It follows that a direct relationship between degree of
wilt and amount of ammonia-N may not exist. Xiccato et al. (1994) found that
ammonia-N concentration was not related to initial dry matter content even though
other researchers have recorded decrease in ammonia-N production with increasing
DM content of ensued material (Marsh 1979; Nicholson et al. 1991; Haigh 1995).
Both Anderson (1985), and Charmley and Thomas (1987) reported high ammonia-N
concentrations in wilted v direct cut ryegrass silages (Anderson: 149 v 64 g kg 1 total
N, and Charmley and Thomas: 160 v 139 g kg 1 total N respectively), but these may
have been the consequence of a long wilt period (120 h to achieve 218 g kgDM and
65 h to achieve 407 g kgDM respectively) rather than a direct response to DM
content at ensuing.
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Nevertheless, high production of ammonia-N indicates substantial protein
breakdown and is evidence of poor silage fermentation. There is general acceptance
that silage ammonia-N content less than 100 g kg-' total N indicates successful
fermentation (eg, Haigh 1995). Levels of ammonia-N in silage as a determinant of
silage quality has been more closely defined by Kaiser et al. (1996) who propose the
following descriptors or divisions:

• Poor

(ammonia-N content

• Fair

(ammonia-N content 100 150 g kg -' total N)

• Good

(ammonia-N content 50 100 g kg 1 total N)

• Excellent

(ammonia-N content

>150 g kg total N)
-

-

<50 g kg

'

total N)

These divisions and descriptors are used in this thesis.

2.2 Tropical Silages

In an early study Catchpoole and Henzell (1971) suggested acetic acid was more
important than lactic acid for preservation of tropical grass silages. Their findings
were supported by Aguilera (1975) who found that silage made from low dry matter
(<180 g kg'DM) elephant grass (Fenniserum purpureum) ensiled without additives
produced more acetic acid ( >28 % total acids) than lactic acid (<2% total acids)
when analysed after a 90 day storage period. More recent research does not entirely
support these early findings. For example, in experiments with Pennisetun]
hexaploid hybrids Spitaleri et al. (1995) found that in both wilted and unwilted
silages lactic acid was the dominant end product of fermentations (means of 41 g
kg'DM and 71g kg'DM respectively), lower amounts of acetic acid were present
(mean: 17 g kg'DM), and butyric acid was not detected. Both Spitaleri et al. and
Aguilera recorded high concentrations of ammonia-N for silages made from low dry
matter forage (104 g kg' total N and 110 g kg' total N) suggesting significant protein
breakdown had occurred in both experiments. Mson and Sangodoyin (1995)
recorded higher levels of acetic acid than all other organic acids in water hyacinth
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and guinea grass silages. They were attempting to enrich local tropical forages with
poultry excreta, and whilst generally successful, it is possible the acetic acid came
from the additive rather than the plant material ensiled. Kass and Rodriguez (1987)
recorded low lactic acid (9 g kg 1 DM), high pH value, and high ammonia-N content
(133 g kg 1 total N) in Gliricidia (Gliricidia sepium) silage ensiled without additives.

Table 2.1 presents some examples of silages made from unwilted temperate grass
species showing domination by a lactic acid fermentation with limited amounts of
butyric acid. Acetic acids ranging from 17.00

-

56.6 g kg 1DM are present, but in

smaller concentrations than lactic acids. Ammonia-N appear to be quite high,
possibly reflecting the extent of protein losses in the fermentation process, and these
silages would be assessed as having a "fair' fermentation quality (Kaiser et al. 1996).
The example of Ryegrass taken from McDonald et al. (1991), Table 2.1, silage 4,
can be regarded as typical.

The analyses of unwilted tropical grass silages in Table 2.1 indicate the relative
amounts of lactic and acetic acid are less consistent. Generally the total amounts of
lactic and acetic acids are less than temperate species, and sometimes acetic acid is
present in greater amounts and sometimes lactic. In these examples the less
desirable butyric acid is constantly present. The situation with ammonia-N is less
clear, but appears to fall within the same range as found in temperate silages.

Table 2.2 presents fermentation characteristics of legume silages ensiled without
additives. Lactic acid is the most abundant organic acid in all examples, but the
lower pH of tropical legume silages is reflected in the greater proportion of lactic
acetic acids in comparison to the silages from temperate legumes. The tropical
legumes had lower protein contents and lower concentrations of acetic acid than the
temperate legume silages. The latter appear to be less well preserved as indicated by
the greater amounts of ammonia-N. Even though small amounts of butyric acid were
recorded for the tropical legume silages, the low ammonia-N values indicated
excellent preservation.

Table 2.1

Fermentation characteristics of unwilted grass silages, ensued without additives
Temperate Grasses

Reference Sample =

Tropical Grasses

1
2
3
4
Ryegrass Cocksfoot Timothy Ryegrass

5
6
7
8
Pangola Setaria Guinea Elephant
grass
grass

DM(gkg 1 )

224

199

231

190

225

205

178

153

CP (%DM)

14.3

14.4

16.5

14.4

11.5

6.9

13.9

18.1

4.0

4.1

4.5

3.9

3.7

3.7

4.9

5.1

Lactic acid
(gkgDM)

69.4

63.0

56,6

102.0

66.0

37.0

15.0

27.0

Acetic acid
(g kg'DM)

27.5

56.6

17.0

36.0

22.3

18.7

40.3

42.8

Butyric acid
(g kg'DM)

trace

0.8

15.8

1

18.8

6.1

8.6

4.9

Ammonia-N
(g kg' total N)

139

120

138

78

123

77

nd

nd

pH

References: 1. Perennial Ryegrass (Charmley and Thomas, 1987).
Cocksfoot (Van Os et al. 1995).
Timothy (Beaulieu et al. 1993).
Ryegrass (McDonald et al. 1991).
nd: not determined

5. Pangola (Tjandraatmadja et al. 1994b).
6. Setaria (Tjandraatmadja et al. 1994b).
7. Guinea Grass (Panditharatne et al. 1986).
8. Elephant grass (Panditharatne et al. 1986).

Table 2.2 Fermentation characteristics of legume silages, without additives

Reference Sample =

Temperate Legumes
1
2
Alfalfa Red Clover

Baled Silage
3
Grass/Legume

Tropical Legumes
4
5
Leucaena Gliricidia

DM(gkgj

316

196

351

252

245

CP(%DM)

26.2

23.2

11.2

15.1

12.8

4.8

4.5

5.0

3.9

3.7

Lactic acid
(gkg'DM)

31.0

39.0

nr

40.0

46.3

Acetic acid
(gkgDM)

28.0

37.0

nr

15.4

14.2

Butyric acid
(gkg T DM)

nd

nd

nr

4.7

2.7

Ammonia-N
(g kg' total N)

113

83

98

27.7

27.2

pH

References: 1 Alfalfa (Laforest et al. 1986).
2 Red Clover (Laforest et al. 1986).
3 mean value for grass and legume silages (n = 4115) baled in England 1984-91 (Haigh, 1995).
4 Leucaena (Tjandraatmadja et al. 1994a).
5 Gliricidia (Tjandraatmadja et al. 1994a).
nd: not detected
nr: not reported

H

a
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In recent years greater amounts of silage have been made in bales wrapped in plastic
film. Baled silage research has not been reported for tropical herbage. Data
presented in Table

2.2

represents mean values from a very large number of baled

silages (both grass and legume) produced in England 1984-91. The fermentation
characteristics of these silages varied widely. For example: the yearly mean
ammonia-N concentration ranged from 67-123 g kg' total N. The factors which
contribute to this variability have been the subject of research projects in recent
years and are dealt with individually in the following section. Where possible,
reference is specifically made to silages produced from tropical herbages.

2.3 Factors Affecting Silage Quality

2.3.1 Parent Forage
The silage fermentation is influenced by the chemical composition of the herbage. A
lactic acid fermentation is favoured by high sugar content (>25 g kg'DM) and low
buffering capacity (<300 in equiv kg'DM) (Kaiser et al. 1996). The high sugar
content provides a ready energy source for bacterial activity, and the low buffering
capacity allows a quick fall in pH, which favours lactic acid bacteria whilst
inhibiting clostridial activity. For these reasons grasses are generally easier to
successfully ensile than legumes. Temperate grass and legume species appear to
have higher sugar contents than tropical counterparts and consequently ensue more
readily to lactic acid fermentations. For example Tjandraatmadja et al. (1993, 1994a)
report the water soluble carbohydrate content of pangola and setaria grasses
(43.7-56.8 g kgDM and 25.649.5 g kg'DM respectively) and !eucaena and
gliricidia legumes (27.1-30.0 g kg 1 DM and 39.3-39.6 g kg'DM respectively). These
measures are low in comparison to representative values provided by Kaiser (1984),
which showed mean water soluble carbohydrate content of a selection of temperate
grasses ranged from 79-181 g kg 1 DM, and of white clover, red clover, and lucerne
legumes ranged from 67-78 g kg'DM.
information on the buffering capacity of tropical herbage is very limited. Spita!en et
al. (1995) recorded very low buffering capacity (88-176 in equiv kg'DM) for
Elephant grass hybrids. In the same study the water soluble carbohydrate content
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varied from 43-60 g kgDM and it would appear the sugar content of the crop was a
more limiting factor for successful fermentation than the buffering capacity.
Crop fertiliser application prior to ensuing can be beneficial, although as Kaiser et
al. (1996) point out: "heavy applications of fertiliser N to grasses can reduce sugar
content and may increase buffering capacity'. In these circumstances the silage
fermentation process would be adversely affected.

2.3.2 Temperature
It is likely the higher ambient temperatures in tropical areas may adversely affect
silage fermentation. Murdoch (1960) concluded silage quality was better and there
was less nutrient loss at lower temperatures. Tjandraatmadja (1991) found increasing
the incubation temperature lowered the population of lactic acid bacteria and that
silages maintained at 40 °C had less lactic acid and maintained higher pH for 100
days of storage than silages maintained at either 20 °C or 30 °C. The situation with
ammonia-N was inconclusive: all ammonia-N measurements were less than 60 g kg'
total N, which would indicate a fermentation with good preservation and little
protein loss (Kaiser et al. 1996). At higher temperatures greater amounts of
ammonia-N were produced with impermeable plastic bag silos, but lower amounts
in permeable plastic bag silos (Tjandraatmadja et al. 1991). The results could be
caused by ammonia-N escaping because increased amounts were measured in
impermeable silos (with higher amounts at higher temperatures), and lower levels
were recorded in permeable silos in the same experiment.

2.3.3 Degree of Wilt Prior to Silage Formation
Wilting improves the quality of silages and high DM intake have been recorded with
wilted silage (Harrison et al. 1994). When material is wilted to dry matters less than
600 g kg 1 , this has resulted in silages having better quality fermentations. Wet
forage is difficult to ensile successfully because the moist conditions favour
clostridial activity unless the herbage has a high sugar content and low buffering
capacity, and generally produce silage effluent (Kaiser 1984). Wilted forage silages
(eg >45%DM), typically have low lactic acid concentrations, low total levels of
fermentation acids, low ammonia-N concentrations, and high pH (Woolford 1984.,
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Kaiser et al. 1993., Williams et al. 1995.). Wet silages (eg DM content <200 g kg- ')
generally have high levels of ammonia-N, the production of which decreases as dry
matter content of plant material increases (Marsh 1979; Nicholson et al. 1991).

Researchers have not agreed on an ideal wilt level. There is however, general
agreement that clostridial growth is severely restricted for plant DM contents above
300 g kg' (McDonald et al. 1991) and although this should be taken as a lower limit,
a higher initial DM content is desirable. Haigh (1995), using 8 years of silage
analysis data from England, derived 300 g kg' as the lower limit of dry matter
content for successful silage production, based on the ammonia-N content. Woolford
(1984) prefers 300-340 g kg' because at higher DM contents plant matter is difficult
to compress and too much air might be included with the ensued herbage. Nicholson
et al. (1991) preferred greater than 350 g kg-'. They reported a more rapid
fermentation in 350 than 450 g kg1, but noted a better fermentation pattern in
350410 g kg' range as opposed to 460-5 lOg kg- ' range. For maize silage, Havilah et
al. (1992) recommended 350-400 g kg'. Using baled Alfalfa, Mir et al. (1995)
considered 400 g kg-' and 550 g kg1 silages were a better product than 820 g kg' hay
because they produced better average daily weight gains in steers. Beaulieu et al.
(1993) recommended baling at 400-500 g kg' for best quality Timothy silage
production. Mickan (1995) also suggested 400-550 g kg' as best DM content for
general silage production in Australian conditions. Kaiser et al. (1993) strongly
suggested that "rapid wilting to DM content of 300-450 g kg' is likely to contribute
significantly to successful ensilage of tropical pastures".

Nutrient loss can be significant in unwilted (ie low DM content) silages. Ensuing
high moisture content material slows the fall in pH. The sustained higher pH favours
clostridial activity resulting in less desirable fermentation end products and high
proteolysis. The resultant losses of sugars, nitrogen, fermentation end products, and
minerals in the effluent can reduce nutritive value by up to 7% (Kaiser 1984).
Usually these losses can be avoided by wilting to >300 g kg 'DM.
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Increasing the plant DM content by wilting appears to have limited effect on
nutritive levels. For example; wilting Alfalfa, Orchard grass, Ryegrass, and Fescue
for 24 h did not significantly affect the relative amounts of proteins present in the
original plant material (Messman et al. 1994). Effects on nitrogen content and
digestibility for grass silages was minimal (Marsh 1979). Charmley and Thomas
(1987) found that field DM loss increased and digestibility was reduced by wilting,
but the proportion of energy and protein in the standing crop was unaffected.
Beaulieu et al. (1993) maintain that forage digestibility was unaffected by wilting,
and Williams et al. (1995) concluded wilting improved dry matter preservation
during silage storage.

When conditions only allow cut forage to be wilted over an extended period of time
aerobic processes reduce the nutritive value of the herbage. For example; even after
adding formic acid to a perennial rygrass which took 120 h to wilt to 205 g kg'
Anderson (1985) reported increased ammonia-N (149 g kg 1 total N v 64 g kg' total
N), reduced water soluble carbohydrate (only 56% of the unwilted silage), reduced
total energy, and less DM contents in wilted than unwilted material. Lactic acid
dominated all fermentations although lactate content was 22% less in the wilted
silage.

2.3.4 Stage of Maturity
Immature and overmature forages are not recommended for silage production.
Immature crops, generally have low dry matter contents, lower sugar contents, and
higher buffering capacities than more mature crops (Kaiser et al. 1996), all of which
favour clostridial activity. Overmature crops have high dry matter contents, but are
relatively low in protein content. The best time to cut plant material for silage
making is the vegetative stage, and before flower formation. When making maize
silage, Havilah et al. (1992) found harvesting too early led to effluent losses, and
harvesting too late the maize was difficult to compress and exclude air. in both
situations silage production was not optimised. Tjandraatmadja et al., (1994b)
summarised that silages made from pangola (Digilaria eriantha), hamil (Panicurn
maximum cv Hamil), and kazungula (Selaria sphacelata cv Ka.zungula) grasses at
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different stages of maturity did not significantly differ in fermentation quality (pH,
ammonia-N, and fermentation acids), although the amount of lactic acid decreased
with increasing forage maturity. Using elephant grass (Pennisetum sp), Spitaleri et
al. (1995) concluded that crude protein content and organic matter loss in silages
were more affected by the stage of forage maturity than the dry matter content at
ensiling. In a review of grass silages, Harrison et al. (1994) concluded the stage of
maturity at the time of silage formation had greater effect on the resultant
digestibility and chemical composition of the silage than other management factors
such as species, dry matter content, or type of harvest system.

Cutting early, for example before flower formation, ensures that forage quality is
maximised. Wilting this material before making silage can overcome the potentially
negative effect of lower DM and lower sugar levels may have on the fermentation
process.

2.3.5 Additives
An additive can be supplied to either inhibit or stimulate the fermentation process, or
improve the overall nutritive value of silages. Opinion differs whether or not they are
required.

Tjandraatmadja et al. (1994b) noted that unwilted pangola, hamil, and kazungula
grasses had low water soluble carbohydrate contents (10-59 g kg 'DM) and silages
made from these were improved by the addition of molasses in terms of higher lactic
acid, lower pH, reduced volatile fatty acid content, and lower ammonia-N. Adding
the legumes gliricidia (Gliricidia sepium) and leucaena (Leucaena leucocephala cv.
Cunningham) to the grasses for silage production also enhanced fermentation quality
(Tjandraatmadja et al. I 994a). In an earlier experiment the same authors
(Tjandraatmadja et al. 1993) ensued pangola and setaria grasses with combinations
of molasses and the tropical legumes gliricidia and leucaena. Silages without
legumes produced more acetic acid and ethanol than those with legumes. The
addition of molasses as well as the legume further increased the ethanol content.
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They concluded 'the addition of legumes when ensuing tropical grasses enhance
fermentation characteristics".

Ishida and Abuhassan (1997) demonstrated that an additive might be beneficial
when ensiling tropical herbage. They found that adding urea to silages made from oil
palm fronds (E1aeis quineensis Jacq) resulted in less spoilage ( 0% v 14%), and
slower silage deterioration after opening when compared with the same silage made
without urea.

-

Since silages with high levels of lactic acid produced from lactic acid bacteria are
desirable, work has been done to maximise the content of this acid. One way to do
this has been to add to the natural population density of the bacteria. However,
adding the microbial inoculant did not influence the chemical composition of the
conserved forage (Mir et al. 1995), the fermentation characteristics (Charmley et al.
1995), or the dry matter intake and digestibility of the silage (Keady and Steen
1996). Williams et al. (1995) concurred. They noted that adding inoculant to wheat
silages of different DM contents (208, 279, and 393 g kg') made the fermentation
more homolactic, but there was no difference in DM recovery from ensued material.
In these examples it appears the natural population of the lactic acid bacteria were
sufficient for adequate fermentation.

Generally, where conditions indicate the liklihood of a poor silage fermentation, and
resources are available, an additive is a good option. For example, the low sugar
contents of tropical legumes can be compensated by adding molasses to help
stimulate the growth of lactic acid bacteria.

2.3.6 Chopping
Makin (1994) asserts that chopping the forage liberates plant sugars and stimulate
lactic acid bacteria to outcompete clostridial bacteria. This has often been
demonstrated to be true, eg Nicholson et al. (1991), and was the main reason plant
material was chopped before making silage. Chopping also enhances fermentation
by allowing greater compaction in the silo.
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Stockdale and Beavis (1994) investigated the effect of chop length on whole plant
maize silage fed to lactating dairy cows. Their results suggested that although
preservation may have deteriorated as length of chop increased, there was no
significant effect on either silage quality or milk production. They felt the decision
whether or not to chop the forage depended more on management factors such as
forage compactability, or the economics of fuel use during harvest, rather than on
nutritional factors.

In other studies however, summarised in Kaiser (1984), a strong case is made in
favour of ensiling chopped material, not only for the improved fermentation
characteristics, but also because animal production is generally greater due to higher
DM intake.

2.3.7 Compaction of Herbage in the Silo
The concept of bulk density has become an important consideration for making
baled silage. An operator can produce bales of varying density and if there is a bale
density effect on the final fermentation quality, the operator has the opportunity to
optimise the silage making conditions. Machines which make round bales, for
example, have two types of bale chambers: fixed or variable (Wedd 1994). Fixed
chamber balers have a bale forming chamber which is the same size throughout the
bale forming process. As more material is fed in, the bale is compressed from the
outside. A pressure sensor can be set to determine the bale pressure and indicate
when the bale is completed, but the end result will be bales of the same diameter,
and with the bale core less dense than the outer layers. Variable chamber balers wrap
the herbage tightly from the time it enters the chamber, and tension belts or slats
keep pressure on the bale as it grows in diameter. The final bale has a constant
density from core to outside, and can have varying diameter. The tension belts and
slats can be adjusted to vary the overall bale density. Variable chamber balers are
preferred over fixed chamber balers for making silage because the resultant bales do
not have a soft core with an increased amount of trapped air, and the baling pressure
is easier to adjust.
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High compaction of ensued material is correlated with air exclusion (Williams
1994). With less air, anaerobic conditions in the silo should be achieved quicker, and
nutrient losses due to oxidation and proteolysis be reduced. When making baled
silage Mickan (1995), for example, suggests pasture wilted to DM >550 g kg'
produces bales of low bulk density which trap too much air, extend the initial
aerobic phase, thus encouraging the activity of moulds, bacteria and fungi.

The limited information dealing with the effect of forage density in the silo on silage
fermentation quality is inconclusive. Comparisons are also made more difficult
because measures of silage density are not uniform. For example, Darby and Jofnet
(1993) quote an average density of 260 kg m 3 for grass silages in horizontal silos,
but the moisture content of these silages is not mentioned. A bulk density measure
would be higher because it would include the moisture content of the ensiled forage.

Similarly, whilst investigating the effects of DM content on the nutritive value of
large round bales of Timothy silage, Beaulieu et al. (1993) made bales of varying
density by increasing the baling pressure as the forage wilted to increasing DM
content. They measured the bale density in kg DM m 3, whereas including a bale
bulk density (kg m 3) may have given a clearer picture. their results show that more
DM (kg bale) was contained at higher baling pressure, but the increase in kg bale-'
reduced as the forage DM (and baling pressure) increased (silages of DM 250, 400
and 500 g kg-' contained 116, 154, and 157 kg DM bale' respectively). The silages
formed at higher pressure (also the bales of lowest bulk density) had the lowest
ammonia-N contents and the lowest lactic acid production. Despite this a
relationship between silage density and fermentation quality was not established
because the effect could have been due to the amount of moisture present rather than
the density of herbage in the bale.

Xiccato et al. (1994) measured bulk densities of 590 kg m 3 and 500 kg m 3 in
drum silos of maize silage, with herbage DM contents of 300 g kg-' and 340 g kg
respectively, and expected 700 kg m 3 in lower layers of bunker silos. In
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contradiction to the work of Beaulieu et al. (1993), their results suggested that lower
bulk density silages produced higher amounts of ammonia-N, probably as a result of
the higher amounts of trapped air. It may be that a relationship exists between low
bulk density and spoilage, or fermentation quality, as has been suggested here and by
other researchers (eg Kaiser et al. 1993), but this matter requires further research,
particularly in relation to the production of baled silages.

2.4 Desirable Attributes of a Silage

A silage could be regarded as "desirable" if its nutritive value is adequate to maintain
an animal's health and weight, and the fermentation processes result in a maximised
retention of the nutritive value of the original forage. In order to cater for the daily
maintenance requirement of a 300 kg steer, the characteristics of such a silage might
include:
Well preserved chopped (10-15 mm) herbage with a sweet acid smell and
minimum amounts of visible spoilage (<5%)
Forage nutritive value comprising:
ME

> 9.0

N

> 14.4

DM

i) rapidly wilted to between 300-350 g kg 1 DM (for

Mi kg'DM, ie approx. DDM >580 g kg 1 DM
g kg'DM, ie approx. CP

>90.0 g kg 1 DM

silage in pits and stacks)
ii) between 400-550 g kg 1 DM (for baled silage)
Fermentation Quality
The total amounts of fermentation products are directly related to the degree
of wilt, but in very general terms a good silage will have;
*

lactic acid as the most abundant organic acid fermentation product
(with the higher proportion of lactic: total organic acids the better.)

*
*

low ammonia-N content (<100 g kg' total N)
low pH (<4.5 for low DM silages)2

2

silage pH is directly related to the silage DM content. The recommended maximum pH for
well preserved silages with DM contents of 400, 450, 500 and 550 g kg' are 4.8, 5.0, 5.2, and 5.4
respectively (Kaiser et al. 1996).

Forage Conservation in the Wet / Dry Tropics
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Chapter 3

METHODOLOGY COMMON TO INVESTIGATIONS

3.1

Location of Investigations

In Australia all trials and experiments were conducted on Taminmin High School
farm, at Humpty Doo (12° 24' S, 131° 15' E), located 40 km SE of Darwin. The area
is in Australia's Top End, subject to tropical monsoon rainfall and receives a wet
season typically four months long (Dec-March) followed by a longer dry season
typically eight months long (April Oct)'.
-

Trials in Indonesia were conducted on the farmland within the campus of
Hasanuddin University, Ujung Pandang, South Sulawesi (50 07' S, 119° 24' E). The
area is subject to a tropical monsoon climate with weather patterns and seasonal
rainfall very similar to Darwin (Encyclopedia of World Geography, 1994).

3.2

Common Objectives

For each trial or experiment the following factors were primary considerations:• conserve forage during the wet season
• open the silos and use the silage during the late dry season
• use tropical herbage which is locally available and abundant
• ensile herbage without additives
• use silos which contain a small volume of herbage (<40 kg)
• ensile unchopped herbage whenever possible
• use low cost management techniques and low cost materials
• compare nutritive value of forage at the time of silo filling with the same value
at the time of silo opening.

The official wet season is 1st October

-

30th April; in reality 79.2% of the mean

annual rainfall of 1659 mm occurs during the period
Bureau of Statistics. 1996).

1St

December 31 St March (Australian
-
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Terminology

In reporting and discussing nutritional changes in conserved forage the following
descriptors were used:nutritive value: The combination of a forage's dry matter (DM), gross and
metabolisable energy (GE and ME), digestibility (DDM), and total nitrogen
(total N and CP) contents.

• Fermentation quality: Silage pH and the amounts and proportions of volatile
silage fermentation products; lactic, acetic, and butyric acids, ethanol, and
ammonia-N (NH3-N).

• Field losses:

Variations in the nutritive values of hay and silages expressed

as a percentage of the corresponding nutritive values of the originating pasture.

• Storage losses: i) spoilage: the weight of silage visibly affected by fungus or
mould expressed as a percentage of the final weight of
silage. (The amount of silage recovered expressed as a
percentage of the forage ensued is the alternate measure: this
is termed silage recovery).
ii) nutritive value: variations in measured values of silage
or hay when the silos are opened expressed as a
percentage of the same values when the silo was filled.
iii)fermentation losses: the difference in weight of silage
when silos were opened and weight of herbage when the silos
were filled expressed as a percentage of the original weight.
3.4
3.4.1

Materials and Methods
Silos

Steel drums (200 L) were used in Australia for the trials described in Chapter 4.
Plastic drums (120 L) were used in Indonesia for the trials described in Chapter 5.
Plastic film was used to ensile pasture used in the experiments described in Chapter
6. Plastic bags were also considered but preliminary tests found they were not
suitable (see Appendix 2).
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Forage

In Australia the forages used were the improved tropical pastures cavalcade legume
(Centrosema pascuorum) and pangola grass (Digitaria eriantha).
In Indonesia the forages used were the legume calopo (Calopogonium mucunoides)
and the pasture commonly known as elephant grass (Pennisetum purpureum).

3.4.3

Silo Storage Location

Half of the filled silos were stored in a protected location (inside): concrete floor,
minimum temperature variations, lower ambient temperatures, constant shade, and
not subject to incident rainfall. The other silo group was stored as nearby as possible
but in an unprotected location (outside): plastic sheet flooring, higher daily
temperature variations, higher daily ambient temperature, exposed to direct sunlight
and incident rainfall.

3.4.4

Sampling

Samples of plant material were taken as the silo was being filled and again
immediately the silo was opened several months later. In each case five samples
were collected at random, cut up with shears and mixed together. Samples for
analysis and storage were taken from this mixture.
3.5
3.5.1

Measurements and Analyses
Trials 4.2 and 4.3, Chapter 4

Forage samples before and after ensiling were commercially analysed at the
Hamilton Research Institute, Hamilton, Victoria (Australia). Nutritive value
measures reported were DM%, DDM%, Estimated ME (MJ kg1 DM), and CP
(%DM). The units were changed to g kg1, or g kg'DM where appropriate in order
to be consistent with the other experimental data.

Silages were also analysed for organic acid content, and physical measures as
described below.
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Dry Matter

in indonesia DM was determined by oven drying samples at 60 °C for 72 h. The
oven dried samples were used to determine N content by Kjeldahl analysis.

For experiments in Chapter 6, DM was determined by oven drying (70 °C for 72 h),
and this material was used to determine GE, DDM, and Ash content, and to calculate
silage true DM content.
DM determination of silages using oven dried samples does not include the DM
content of the volatile fermentation products. Consequently the silage true DM
content is underestimated (Kaiser et al. 1995; Petit et al. 1997). This was accounted
for in Chapter 6 using the relationship determined by Kaiser et al. (1995)2:

y= 39.6 (± 6.45) +0.94(±0.02)x ±7.31
(where y = silage true DM content in g kg
x = oven dried DM content in g kg')

3.5.3

Nitrogen, Crude Protein, andAmrnonia-N

Nitrogen content reported in Chapter 4 was calculated from silage analyses supplied
to the Hamilton Research Institute (see 3.5.1). Nitrogen content reported in Chapter
5 was determined in Indonesia using Kjeldahl method from oven dried samples.
The need to use fresh (ie. not oven dried) samples for nitrogen determination, and
the importance of measuring ammonia-N was made clear after experimentation
described in Chapters 4 and 5 was completed. These factors were corrected, and
nitrogen analyses for Chapter 6 experimentation used fresh samples from both
pastures and silages. The samples were digested with sulphuric acid / hydrogen
peroxide, followed by a flow injection analysis (FIA) procedure (LACHAT Auto
Analyser) using nitroprusside catalysed salicylate / chlorine spectrophotometric
method. Ammonia-N was determined using the same method but omitting the
digestion phase. The methodology was taken from the Northern Territory

2

This equation was derived from analyses of silages made from 13 different temperate forage
species, representing a range in DM contents of 150450 g kg' it is inappropriate to apply this
equation to very high DM silages because it will give true DM values which are less than the oven
dried DM determinations.

RTiRr TERRITORY IJN

Sfl inn

Tropical Fodder Conservation

28

Department of Primary Industry and Fisheries Plant Analysis Methods Manual (DPIF
1996).
Crude protein was calculated as total N content x 6.25.

3.5.4

Gross Energy

In Chapter 6, Gross Energy was determined from bomb calorimetry with a
Gallenkamp Ballistic Bomb Calorimeter (CBB-330) using oven dried samples.

3.5.5

Dgestible Dry Matter

Since oven dried samples do not contain the volatile component (which is
considered 100% digestible), it is necessary to adjust the DDM obtained by alkaline
digestion of oven dried samples (Jones and 1-laywood 1975) using the following
formula:
True Digestibility

=

Digestibility (solids) + Digestibility (volatiles)

eg For an oven dried sample from a silage of DDM 42% containing 15% volatile
material, then 100 g of silage would contain 42 g solids and 15 g material giving rise
to 15 g volatiles. The true digestibility would be:

True Digestibility

3.5.6

=

Digestibility (solids) + Digestibility (volatiles)
+

=

(42

=

57/115

=

49.6%

15) g digestible material / 1 15g silage

Meiaholisable Energy

In Chapter 6 Metabolisable Energy was calculated from the DDM determination
according to the relationship recommended by the Standing Committee on
Agriculture and Resources Management: Ruminants Subcommittee (1990).

ME(MJkg'DM)

=

0.I56DDM(gkg 1 DM)

-

0.535
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pH

In Chapter 4 and 5 trials a slurry was formed by blending a mixture of 100 g silage
with 100 mL distilled water for 30 seconds. The pH was then measured using (in
Australia) a TPR Microprocessor Field Analyser, Model 90FL, or (in Indonesia) a
portable pH meter: HANNA, Model HI 8014.
The pH of the silages described in Chapter 6 were measured from the filtrate of
aqueous extract, as described in 3.5.8, using a standard bench pH meter (Radiometer
I Copenhagen PH M82).

3.5.8

Si/age I/o/atE/es

Silage volatiles were extracted from 20 g samples shaken in 100 mL water for 1.0 h
according to the procedure described in Fussell and McCalley (1987). The filtrate
was immediately adjusted to pH 4, centrifuged at 4000 rpm for 5 mm, and the
supernatant injected directly into a gas chromatograph (Varian 3400 with FED) using
a 2.0 in x 4.0 mm ID Ailtech ) 0.3% Carbowax 20 m plus 0.1% H3PO4 on Graphpak
column set at 100-135 °C program (flow rate : 25 ml/min N2). Concentrations of
lactic, acetic, butyric acids, and ethanol were determined by comparison with similar
analyses of a standard solution containing a mixture of lactic, acetic, butyric, valeric,
and propionic acids, and ethanol, all of known concentration.

3.5.9

Bulk 1)enszty (BD)

Bulk density was determined using the formula
BD (kg m 3)

=

silage total weight (kg) / silo volume (m3)

The volume of the small round bales in Chapter 6 were determined by measuring the
mean bale height (h metres), and diameter (2r metres) and using the formula:Bale Volume (m)

3.6

=

3.141 (r2)h

Statistical Analysis

The experimental unit was the individual silo. All statistical analyses were
completed using Statistica for Windows, version 5: (Staisofi, 1995. 2nd edition).
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Analysis of variance was used to test for significance between groups and
treatments. Data validity was tested using Levene's test for homogeneity. Post Hoc
comparisons of treatment means were done using Tukey's Honest Significant
Residual (HSR) test applied to either equal or unequal sample sizes. After using
residual analyses to establish data reliability, simple linear correlation and regression
tests were applied to silage fermentation quality data presented in Chapter 6.

Forage Conservation in the Wet I Dry Tropics
for Small Landholder Farmers

Chapter 4

SILAGE PRODUCTION IN 200 L STEEL DRUMS
IN NORTHERN AUSTRALIA
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Chapter 4

SILAGE PRODUCTION IN 200L STEEL DRUMS
IN NORTHERN AUSTRALIA

Abstract

I

A pilot trial showed that 200 L steel drums could be used as silos for

unwilted sorghumlcowpea pasture ensiled without additives. After 7 months storage
successful silage (ie <15% spoilage) was produced, but only if the drums were stored
upside down (p <0.01). In subsequent experimentation, all drum silos were stored
upside down.

2

Wilted cavalcade legume (Centrosema pascuorum, 675 g kg DM) and wilted

pangola grass (Digitaria eriantha, 709 g kg 1 DM) were successfully ensiled without
additives (spoilage: cavalcade mean 14%, pangola mean 4%) for 156 days in
recycled 200 L steel drum silos stored upside down. Cavalcade had a higher nutritive
value (p <0.01) both as fresh wilted forage and as silage. Nutritive values were
maintained during storage for both species. The nutritive values of cavalcade v
pangola silages were DM (652 v 695 g kg), DDM (659 v 503 g kg 1 DM); ME (9.2 v
6.6 MJ kg 1 DM); CP (131.1 v 94.8 g kg'DM) respectively.
Both silages were well preserved. Lactic acid was the dominant organic fermentation
product with minor amounts of acetic acid. Butyric acid was not detected. The
cavalcade silages had more lactic acid than pangola silages (p <0.01).
It was concluded that lactic acid dominant silage can be produced from wilted
tropical forage ensiled for 5 months in inverted 200 L steel drum silos. The silages
were preserved without significant change in nutritive value compared to the original
wilted forage.

3

Low DM cavalcade legume (Centrosema pascuorum, 267 g kg'DM) was

ensiled in recycled 200 L steel drums and stored for 164-171 days. All silos were
lined with a plastic bag. Treatments were silo storage location (inside or outside),
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and silos provided with or without a lid. The nutritive value of the forage was low
(DM, DDM, ME, and CP were 268 g kg 1 , 514 g kg'DM, 6.7 MJ kg'DM, and 150 g
kg 1 DM respectively), and the nutritive value of the resultant silages was even lower
(p <0.01) with reductions in DDM, ME, and CP being 19%, 25%, and 19%
respectively. The poor quality silages, with high pH (5.4), approximately equal
amounts of lactic, acetic and butyric acids (27
(range 4

-

-

32 g kg'DM), and high spoilage

100%, mean 23%) were probably the result of aerobic deterioration

because the drums had developed corrosion holes during the course of the
-

experiment. There was no effect on silage nutritive value or fermentation quality due
to silo storage location. It was concluded that recycled 200 L steel drums are
unsuitable as silos due to corrosion.

4

General Introduction

Conserving the abundantly available wet season forage is a management option for
small landholder farmers to boost ruminant production in the following dry season.
This could be achieved at low cost with minimum use of commercial additives, and
by using cheap, locally available containers as silos. The containers must be capable
of being sealed airtight, and should conveniently hold an amount of feed appropriate
for the small numbers of animals. The value of the container would be increased if it
could be used repeatedly.

200L steel drums are readily available and relatively cheap (<$5) in most rural areas
of Northern Australia, and may be suitable silos because:
• a metal clamp fixes the lid tightly to the drum. This might allow anaerobic
conditions to form inside the drum
• they are of a convenient size and can be easily moved by an individual person
• the 200 L capacity can contain up to 30 kg dry matter. This would provide the
daily feed requirement for two or three growing steers, or their animal
equivalent number of sheep or goats

For the drums to be seriously considered for wet season silage production, it needs to
be confirmed that anaerobic conditions are established inside the drums, and that the
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drums can be reused annually. The following sequence of investigations were
conducted in order to test the feasibility of using the drums as silos. In conjunction
with assessing the recyclable nature of the drums (4.2 and 4.3) the silages were
analysed to determine i) if lactic acid or acetic acid was the dominant organic acid
fermentation product from ensuing tropical herbage (see section 2.2), and ii) the
extent pasture nutritive value was maintained during silage storage.

4.1

Pilot : Ensuing unwilted Sorghum/Cowpea in 200L Steel Drums

4.1.1 Introduction
This trial was undertaken to asses whether 200 L drums used as silos, would create
and maintain anaerobic conditions. Once the lids were fixed in place the drums
could be stacked with the long axis either vertical or horizontal. The most common
method of storing 200 L drums is by having the long axis vertical (for stability),
which means the drum lid could be at the top or bottom. It was decided to test both
options.

4.1.2 Materials and Methods
4.1.2.1

Silos

Twenty 200 L drums were obtained from a soft drink distributor. The drums had a
teflon-like internal lining, and had been used to store and transport orange juice. A
ring of galvanised steel was used to pull the lid onto the drum lip. This was tightened
using the attached nut/bolt connection. Before use the drums were cleaned using a
high pressure water spray.

4.1.2.2

Forage

A mature (12 week) mixed crop of sorghum (Sorghum sp var Silk) / cowpea (Vigna
unguiculata var Palmyna) was harvested with a forage harvester in March, 1991.
The chopped material was put into the drums without wilting or additives, and
compressed by a person (90 kg) tramping it down. After the drums were filled and
the lids fixed, the full silos were stored under cover in an open shed until September
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(7 months storage). Half the silos were stored upright with lids sealed by a metal

clamp, and half stored, similarly sealed, but with the drum bottom upright.

4.1.2.3

Iv1easurements

The purpose was to determine if anaerobic conditions were established in the drums,
so analyses of silage quality were not attempted. Low incidence of silage spoilage
(see section 3.3) was used to indicate effective creation of anaerobic conditions in
the silo. When the drums were opened the extent and occurrence of spoilage was
visibly assessed.

4.1.3 Results
Inverted silos produced more successful silage with less spoilage than silos stored
upright (14.5% v 74%, p <0.01). More than 400/'o' spoilage occurred in 8 of the 10
drum silos stored upright, but less than 15% spoilage occurred in 9 of the 10 drums
stored inverted. The results are illustrated in Fig 4. I.
Spoilage v Silo Orientation During Storage
100
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5°
0
0.
0
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30
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Silos: 1-10 (stored upright), 11-20 (stored inverted)

Fig 4.1

Spoilage in steel drum silos stored either
upright or inverted
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4.1.4 Discussion
The results clearly show that the clamp did not always achieve an airtight seal.
Storing the drum upside down significantly reduced spoilage but an airtight seal was
not produced in all cases. Zero spoilage, indicating anaerobic conditions, was
observed in 4 of the 10 inverted silos, and only I of the 10 upright silos. When
placed in the silo the plant matter apparently collapsed in on itself under its own
weight creating a partial vacuum in the top of the drum. When the drums were
stored upside down the weight of the plant matter improved the seal, presumably
slowing down the movement of oxygen into the drum. When the drums were stored
upright this partial vacuum probably allowed air to be drawn in through slight
irregularities in the clamped seal. The resulting aerobic activity in the drum
apparently continued and maintained an oxygen diffusion gradient. The longer the
silage was stored, the more extensive the spoilage until all the silage was
decomposed.
In the drums stored inverted, the point of air infusion was partially blocked by the
plant material and air had to diffuse through the compressed plant matter. It was
observed the spoilage in these drums was on the edges where the plant matter was
less well compressed. In drums stored upright the point of air infusion was not
blocked and air was free to enter into the partial vacuum immediately below the
drum lid. Oxygen was thus available for decay organisms over a much larger surface
area than in drums stored inverted, and this is reflected in the much greater extent of
spoilage.

4.1.5 Conclusions
• Unwilted forage can be successfully ensiled for up to 7 months in 200 L steel
drum silos that are clamp sealed and stored upside down.
• More research is necessary to determine whether management factors at
ensuing can reduce the extent of spoilage of the silage.
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Ensuing wilted Cavalcade legume and wilted Pangola grass
in 200 L Steel Drums

4.2.1 Introduction
The pilot trial demonstrated that silage can be successfully made in inverted 200 L
steel drum silos stored upside down, although spoilage (<15%) still occurred in 6 of
the 10 drum silos tested. Further investigation is warranted to assess how well the
silo preserved the forage material in terms of its nutritive value before and after
ensuing, in keeping with the general objectives (3.2), it was decided to use
improved tropical pastures in all subsequent experimentation.

The purpose of this trial was to determine if the 200 L drum silos were effective
silos when they were re-used. A secondary objective was to use the recycled 200 L
drum silos to i) compare the nutritive value of wilted tropical forage with silage
made from the same material, and ii) determine the relative proportions of lactic,
acetic, and butyric acids in silage made from wilted tropical forage.

4.2.2 Materials and Methods
4.2.2.1

Silos

The 200 L drums from the pilot trial were cleaned and re-used. All silos were stored
upside down. The drums were structurally sound although the inside teflon coating
had been slightly damaged.

4.2.2.2

Forage

10 week old cavalcade and 10 week regrowth pangola was harvested in February
1992 (starting at 0930), using a disc mower. The cut forage was allowed to wilt in
situ for two hours before being turned over with a hay rake and wilted for a further
two hours. The unchopped plant matter was then compressed as before (see 4.1.2.2)
into 8 steel drums (4 cavalcade and 4 pangola), the whole process being completed
by 1500 hrs. The air temperature in the paddocks was 31°C and the relative humidity
about 40%.
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Si/age Making Process

Samples were collected at random from each silo as the drums were being filled and
from unspoiled silage when the drums were opened after 156 d storage (see 3.4.4).
These were analysed at Hamilton Research Institute (Victoria) for DM, DDM, ME,
and CP values (see 3.5).
A third sample was collected when the silos were opened. The samples were stored
in a sealed plastic bag in a deep freeze and were analysed for pH, acetic, butvric, and
lactic acid contents approximately 4 weeks later. The methodology for analysis is
described in section 3.5.8.

4.2.3 Results
4.2.3.1

Forage v Silage Nutritive Value

Table 4.1 indicates there was no significant difference in nutritive value between
silage and the wilted forage from which it was made for either species. Although
both species had similar DM contents (approx 700 g kg'), the wilted cavalcade
legume had higher measures for digestibility (648 v 536 g kgDM), metabolisable
energy ( 9.0 v 7.1 Mi kg-'DM), and nitrogen content (130 v 95 g CP kg-'DM) than
the wilted pangola grass. This nutritional difference was repeated for both species
conserved as silage.

4.2.3.2

Si/age Organic Acid Con/en!

The cavalcade legume silages had significantly greater amounts of lactic acid (p
<0.01), which was the dominant organic acid product for silages of both species.
High pH values and minor levels of acetic acid were recorded but butyric acid was
not detected (Table 4.1).

4.2.3.3

Spoilage and f)M content after 156 days storage

Silos with cavalcade legume tended to contain more DM per drum (23 v 16 kg; p =
0.07), at higher bulk density (170 v 115 kg m 3 , p <0.01) compared to the pangola
grass. Spoilage was generally low and ranged from 4

-

42% (mean 13.5%) for the

cavalcade, compared with 0 7.5% (mean 4%) for the pangola.
-

Table 4.1

Nutritive value, fermentation characteristics, and storage data for wilted cavalcade (1,2)
and wilted pangola grass forages (3,4) ensued in 200 L steel drums
1
2
3
4
Forage
Silage
Forage
Silage
Dry Matter (g kg-')
675.0 (29.6)
652.0 (27.5)
709.0 (10.74) 695.0 (30.28)
A
B
Dry Matter Digestibility (g kg')
648.0 (2.14)
659.0 (6.20)
536.0 (12.86) A 503.0 (11.65)"
MetabolisableEnergy(MJkg'DM)
9.0 (0.05) C
9.2 (0.12) D
7.1 (0.22) C 6.6 (0. 21)D
CrudeProtein (gkg'DM)
128.1 (2.68) F 131.1 (1.12) F
106.3 (13.2) E 94.8 (792)F

-1

0
C)

pH

5.5 (0.05)

6.1 (0.34)

AceticAcid (gkg'DM)

6.8 (1.86)

3.0 (1.17)

Butyric Acid (g kg 'DM)

0
58.4 (6.25) G

Lactic acid (g kg 'DM)

0
10.3 (5.80) C

0

0

Bulk Density (kg m 3)
Total Dry Matter (kg drum)

170.0(13.54)

115.5 (8.37)'

23.2 (2.95)

16.3 (1.17)

Change in Dry Matter content (%)

-3.4
156

Storage Duration (d)

a
CD

-2.0
156

Spoilage(%)
13.5 (9.50)
3.9 (1.53)
Values are treatment means with the standard error of the mean in brackets
1. wilted cavalcade legume, 2. wilted cavalcade silage, 3. wilted pangola grass, 4. wilted pangola silage
Treatment means with the same superscripts are significantly different at p <005 (lower case) and p <o.oi (upper case) respectively
Uj

00
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4.2.4 Discussion
Several authors (see 2.2) have suggested acetic acid to be the main fermentation
product of tropical forage, and that legumes are generally more difficult to ensue
than grasses. Chopping forage, or providing an additive can improve silage
fermentation. The tropical legume and tropical grass used in this trial were both
wilted and ensiled as whole plant matter without additives. Both species produced
well preserved, lactic acid dominant silages in which the wilted legume ensil ed as
easily, in fact better than, the wilted grass. There was no butyric acid detected.

The cavalcade silages were better preserved than the pangola as indicated by the
higher lactic acid content. Silages from wilted forage has been associated with
reduced organic acid production and generally higher silage pH by other researchers
(eg, Marsh, 1979; Panditharatne et al. 1986; Tjandraatmadja et al. 1994a). That
observation is supported in these results by the high pH (5.5 and 6.1), and low
production of acetic (6.8 and 3.0 g kg'DM), lactic (58 and 10 g kg 1 DM), and butyric
acids (0 g kg 1 DM) from high DM cavalcade legume and pangola grass silages
respectively.

The nutritive value of the wilted forage was maintained without significant
reduction in the silage produced. This is an important result because both cavalcade
and pangola are tropical pasture species and the ability to maintain nutritive content
as conserved material provides a valuable management option, particularly for
farmers in tropical areas.

The recycled silos were very effective. All silages were well preserved, and spoilage
was less than 10% in all silos except one.

4.2.5 Conclusions
• Recycled 200 L steel drums were effective silos.
• Successful silage can be produced from wilted tropical forage ensiled for 7
months in inverted 200 L steel drums silos.
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• Wilted cavalcade legume and wilted pangola grass produced lactic acid
dominant silages when ensiled as unchopped forage.
• The silages were stored for approximately 7 months with no significant change
in either digestibility, or dry matter, energy, or nitrogen contents.

4.3

Ensuing Low DM Cavalcade legume in 200 L Steel Drums

4.3.1 Introduction
Results from 4.2 confirmed the feasibility of making silage from wilted cavalcade
and wilted pangola pasture using steel drum silos. Good silage was made from the
wilted legume just as easily as from the wilted grass, and the legume clearly had
higher amounts of protein, better digestibility, and greater DM content (kg) per silo
(see 4.2.3.1). Consequently it was decided to use the cavalcade legume in this trial.

The aim of this trial was to continue to test the feasibility of using 200 L steel drums
as silos. The influence on silo effectiveness by using simple management techniques
were considered by asking the following questions:
• What is the effect if some of the silo components are missing? Does the upside
down storage of drum silos still work without lids and a soil seal used instead?
• Is there any advantage in storing silage in plastic bags if the steel drums are
used as the container?
• Would the higher ambient temperatures of storage outside in direct sunlight
affect the quality of silage produced?
• Would ensuing lower dry matter forage produce similar results from trial 4.2?

This trial investigates the effects of silo storage location and the presence or absence
of a silo lid on silage production using low dry matter cavalcade legume packed in
plastic bags and stored in inverted 200 L steel drum silos.
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4.3.2 Materials and Methods
4.3.2.1

Silos

The silos were the steel drums used in previous trials. During this trial all drums
were stored unside down.

4.3.2.2

Forage

Cavalcade legume was harvested by disc mower in early March 1993. Due to
extensive rain periods harvest was delayed until the crop was 13 weeks old (with>
40% flowers). Because of persistent cloudy conditions, temperature ranging from
25-28 'C, and high humidity (>60%) wilting conditions were not ideal. Because of

the threat of rain the herbage was collected after mowing and spread out on the
concrete floor of a roofed shed and wilted for two hours (turned once). The forage
as whole, unchopped, plant matter was packed into plastic bags (100 urn x 1,525
mm x 1,015 mm), the bags sealed with masking tape, then packed into the drum
silos. Lids were attached to half the silos.

4.3.2.3

Treatments

All 16 silos in the trial had plastic bags, were stored on industrial plastic sheeting
and had soil tightly packed around the base of the inverted drums. There were four
treatment groups, each with 4 drum silos. ie, eight silos stored inside (4 with lids and
4 without lids), and eight silos stored outside (4 with lids and 4 without lids).

4.3.2.4

Samples and Analyses

These were done as described for 4.2.2.3.

4.3.3 Results
4.3.3.1

General Forage and Silage Qua/i/i'

At harvest the nutritive value of the cavalcade pasture was low. The forage DM was
270 g kg 1 and contained adequate protein content (150 g kg'DM) but was of low
digestibility (514 g kg'DM) and low ME (6.7 MJ kg 1 DM) (Table 4.2).
There was significant loss in nutritive value from pasture to silage. The reduction in
DM content was not significant, but significant reductions in DDM (19.4%), ME
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(25.3%), and CP content (19%), and high spoilage (32.7%) were recorded (Table

4.2, all p <0.01).

The silages produced from this pasture were poor quality in terms of pH, organic
acid content, and spoilage. The pH was high (range 5.3

-

5.7) and significant

amounts of butyric acid were recorded in all silages produced (22

-

36 g kg 1 DM).

Although the total organic acid contents were relatively low, there were
approximately equal amounts of acetic, butyric and lactic acids (32, 28, and 28 g
kg'DM respectively) (Table 4.2). Spoilage was extensive, ranging from a low of
mean 12% for silage from silos with lids and stored inside to a high of 100% for
silages in silos stored outside without lids.

4.3.3.2

Effect of Silo Storage Location and Silo Lid

Silage in silos stored outside without lids were completely destroyed by termites.
Apart from this, and a significant difference in pH of silages from silos stored inside
(with lid v without lid; 5.3 v 5.7 respectively, p <0.01), there were no significant
effects due to silo storage location or presence or absence of a lid on silage nutritive
value, maintenance of nutritive value from pasture to silage, or production of silage
fermentation organic acids. Silos with lids stored inside and outside produced
similar quality silages, as did silos stored inside either with or without lids (Table
4.2).

4.3.4 Discussion
Silage making conditions were not ideal and the silages produced in these trials were
very poor quality, probably because of low initial DM content and aerobic
deterioration during storage. They appear to have undergone a clostridial
fermentation as evidenced by the high butyric and acetic acids, associated with low
lactic acid concentrations. They were further charactensed by low DM, high pH, and
high spoilage, and there was a reduction in nutritive value from pasture to silage of
approximately 20% for DDM, ME, and CP content. The high spoilage indicates
aerobic conditions in the silos. If gas could enter the silo, gas could also escape.

Table 4.2

Nutritive value and fermentation characteristics of low DM cavalcade legume ensued without additives
in inverted 200 L steel drum silos with plastic liners; either with or without lids, and either stored inside or outside.

1
Forage
Sample size (n)
DryMatter (gkg')
Dry Matter Digestibility
(gkg'DM)
MetabolisableEnergy
(MJ kg 1 DM)
Crude Protein
(gkg"DM)
pH

Silos with lids
2
All Silages

16
12
267.6(7.13) 244.7 (8.82)

3
Inside

4
Outside
4

4
265.0

Silos without lids
5
Inside
4

(9.48)

240.9(12.35) 228.0 (9.22)

513.6 (6.78) A 414.0(11.01) A 431.0 (18.10)

394.0(11.39) 411.0(25.33)

6
Outside
4
--

*71

6.7(0.11)

5.0 (0.19) B

53 (0.31)

4.7 (0.20)

5.3 (0.09)

AceticAcid (gkg'1DM)
Butyric Acid
(gkg 1DM)

32.2 (3.53)
27.7 (4.42)

Lactic acid (g kg 'DM)

27.8 (6.14)

CD

C)

150.4 (5.31) C 121.9 (4.13) C 132.3 (6.80)
5.4 (0.09)

5.0 (0.44)

112.0 (7.43) 121.5
°

0

(4.13)

5.3 (0.13)

5.7 (0.01)

25.3 (5.18)
21.9 (6.55)

31.7 (7.48)
25.1 (8.48)

39.5 (4.59)
36.2 (7.94)

30.3 (11.67)

12.4 (7.56)

40.8 (9.17)

(l

CD
°

Spoilage(%)
22.8 (4.63)
12.0 (4.73)
18.8 (3.15) 37.8 (9, 35)F
100 F
Values are treatment means with the standard error of the mean in brackets
I : forage at silage formation, 2 summative silage analyses, 3, 5 silos stored inside, 4,6 silos stored outside
Treatment means with the same superscripts are significantly different at P <0,5 (lower case) and P <0.01 (upper case) respectively

0
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it is likely volatile fermentation products have escaped and the analyses reported do
not accurately indicate what has happened in the silo. Samples were taken for silage
analysis more than 160 days after the silos were filled and stored. Had samples been
taken more regularly a more complete picture would have been possible. Since
clostridia are strict anaerobes, it is likely the silages underwent a veiy poor anaerobic
fermentation in which only low amounts of lactic acid were produced.

Even if the drums failed as silos, the plastic liners should have helped maintain
anaerobic conditions. They did not. Spoilage was recorded in every case. Since the
fermentation products were so regular across all treatments and spoilage was so
widespread it is likely the plastic bags were unsuitable, and an unnecessary cost
addition.

There was no compelling evidence the silo storage location had any effect on the
quality of the silage produced. This result is not conclusive because all the silages
were clostridial, and the silo may have been the causative factor. The silos stored
outside without lids were invaded by termites. Termites are abundant in tropical
areas and if silos are to be stored in an outdoor tropical location some form of
physical or chemical barrier will be necessary.

Failure of the silos was confirmed after the silages had been removed from the
drums. Small pin holes had formed in the drums, probably as a result of corrosion.
The holes were obvious when the drums were being cleaned and it was possible to
look outwards from the inside of the drums. Apparently the breaking of the teflon
lining and the corrosive atmosphere produced by high moisture forage and the
presence of silage acids was enough to rust the drums away from the inside.
This makes the steel drums a temporary solution for small scale silage production.
When being used for silage production the drums lasted three years. They may have
lasted longer if wilted forage was used, or if a protective coating was applied after
each time the drum was used, but these conditions increase the cost and reduce the
versatility on using the drum as a silo.
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4.3.5 Conclusions
• there was no effect on silage quality as a result of the silo storage location.
• silos stored in an outside tropical location should be protected from termite
attack.
• 200 L steel drums can be used as silos. It is difficult to ensure the lid is fixed in
an airtight fashion, and although the probability of achieving an aerobic seal
can be improved by storing the drums upside down, the method is not
completely reliable.
• well sealed drums had only two seasons of use because of corrosion by organic
acids. This may be reduced by ensuing well wilted material, or by lining the
drums. Using plastic bags as drum liners did not work. Other means of lining
the drum would probably increase the cost of silage production.
• because of the above two points, the use of 200 L steel drums as silos is not
recommended.

Forage Conservation in the Wet / Dry Tropics
for Small Landholder Farmers

Chapter 5

SILAGE PRODUCTION IN 120 L PLASTIC DRUMS
IN SULAWESI, INDONESIA

Tropical Fodder Conservation

46

Chapter 5
SILAGE PRODIJCTION IN 120 L PLASTIC DRUMS
IN SULAWESI, INDONESIA

Abstract

At Hasanuddin University (Ujung Pandang, South Sulawesi), wilted (360 g kgDM)
calopo legume (Caiopogonium mucunoides) and unwilted (228 g kg'DM) elephant
grass (Pennisetum purpureurn) were ensued without additives in 120 L plastic drum
silos stored upside down. The silos were stored for 82-88 days either in a protected
(inside) or unprotected (outside) location. The plastic drums were excellent silos and
silage spoilage was almost zero indicating the rapid achievement and maintenance of
anaerobic conditions. However the silages were not well preserved. The wilted
calopo silages had high pH (6.0), accompanied by acetic acid concentrations present
in greater amounts than lactic acid (ratio 3:1), with only small levels of butyric acid
being recorded (3.04 g kg 1 DM). The unwilted elephant grass silages had poor
fermentation characteristics in which lactic acid was not detected and acetic acid
was present in greater concentration than butyric acid (46 v 22 g kg'DM), suggesting
that a clostridial fermentation had occurred. Despite this, the wilted calopo was a
better quality feed than the unwilted elephant grass both as fresh forage and as
approximately 3 month old silage. For example, the calopo silages had higher CP
content (p <0.01), higher pH (p <0.05), and more lactic, less acetic and less butyric
acids (all p <0.01). The amount of DM (kg silo1) was the same for both species (p
>0.05). The storage location of the silo influenced the fermentation. Silage produced
from silos stored inside tended to be better. From silos stored inside, calopo silages
had more lactic acid (p <0.05), elephant grass silages had less acetic acid, less DM
reduction (p <0.05), and lower pH (p <0.01).
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Ensuing Wilted Calopo legume and Unwilted Elephant
grass in 120 L Plastic Drum Silos

5.1

Introduction

South Sulawesi has similar ruminant production problems as the Top End of
Australia's Northern Territory because it has a four or five month wet season
(November

-

March), followed by a seven or eight month dry season (April

-

October). In order to sustain ruminant production all year round, good quality feed
needs to be economically available during the dry season, but in South Sulawesi land
is scarce for pasture production. The dominant land usage is to produce crops such
as rice for subsistence, or for immediate cash conversion (Ivory and Siregar 1984;
Mahadevan and Devendra 1985, Ranjhan 1985; and Ffoulkes 1992). There were
several commercial farms and feedlots present, but silage was not being produced.
Ruminant feed in the dry season consisted of forage cut and carried daily, and
supplemented with concentrates imported from Java. However, the substantial
numbers of small landholder farmers cannot afford to regularly purchase feed
supplements and consequently performance of their livestock is low. Under these
conditions, cattle and buffalo are generally slow growing, and have high parasite
burdens and low fertility (Ffoulkes 1992).

One purpose of conducting the trials described in Chapter 4 was to identify
processes and techniques which small landholder farmers could use to conserve wet
season forage for use as a low cost, good quality ruminant feed in the following dry
season. Consequently it was important to trial the research in a country such as
Indonesia, using local resources and locally available forage.

The following trial was conducted in association with Hasanuddin University in
Ujung Pandang, South Sulawesi. The objective was to repeat Trial 4.2 using local
resources and forage and to:
• determine if drums stored upside down can be effective silos
• compare the nutritive value of tropical forage with silage made from the
same material
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• determine the relative proportions of lactic, acetic, and butyric acids in silage
made from tropical forage
• determine if the silo storage location has any effect on the amounts of lactic,
acetic, and butyric acids produced from silage fermentation.

5.2
5.2. 1

Materials and Methods
Silos

120 L plastic storage drums, with lids, were selected as the silos because 200 L steel
drums were not available. The plastic drums, whilst locally expensive (12,500
Indonesian Rupiah = AUS $8.30) had several advantages because they were:
• readily available
• robust, and therefore allowing plant matter to be compressed into them
• appropriately sized, so a small person could move full drums from place to
place if necessary
• durable, therefore had the potential to be re-used, and to keep silage longer
than one season if required
• resistant to corrosion and therefore unaffected by the silage acids.

5.2.2

Forage

The forages selected were elephant grass (Pennisetum purpureum, locally known as
Rumput Gajah) and the legume calopo (Calopogonium mucunoides).
Elephant grass is the most widespread improved pasture used as ruminant feed in
Eastern Indonesia (Ranjhan 1985).

It is abundant and the research results are

directly applicable throughout the region. Calopo is a legume, and is potentially a
valuable high protein forage for ruminant animals. Calopo is also a weed which
occurs as a volunteer herbage throughout the region. It is not usually regarded as a
primary forage because of its low palatability, and because grazing stock select other
herbage when they have a choice (Wesley-Smith 1987). However, calopo is
widespread, very abundant during the wet season, and can be harvested by anyone
who makes the effort. It is thus a no cost, low management feed reserve of relatively
high nutritive value.
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The elephant grass used in this trial was cut from a mature crop (approximately 12
weeks) grown on the brown loam soil in the Hasanuddin University's livestock farm.
The crop, which was not supplied with fertiliser, had regrown from a previous
harvest, and was watered by natural wet season rainfall only. At harvest the standing
crop was 1.5 -2.5 mtall.

The calopo was cut from mature wild growth within the University's livestock farm.
Whilst individual plants were of various ages, the harvested material had more than
40% flowers, and approximately 15% developing seed pods.

5.2.3

Filling the Silos and Treatments

In mid March 1993, elephant grass was manually harvested and carried to a shaded,
covered concrete area where it was manually chopped into approximately 100 mm
lengths and packed into the drums. Although there was no deliberate attempt to wilt
the grass, the time from harvest to silo sealing was approximately three hours (1000
-1300 hrs). Drum lids were a simple press fit, but the seal was improved by taping
the lid in place using 50 mm wide masking tape.

The calopo was also manually harvested and carried to the same covered area. It was
then spread out on the adjacent paved area and allowed to wilt for one hour in direct
sunlight before being turned over and wilted a further one hour. Wilted material was
compressed into the drum silos without further cutting. From harvest to silo sealing
was approximately four hours (1000

-

1400 hrs). Drum lids were attached with

masking tape as described previously.

A total of twelve drums of silage were prepared, consisting of 4 containing calopo, 4
containing elephant grass, and 4 with a mixture of calopo / elephant grass in the ratio
2 by volume. The mixtures were actually layers in which elephant grass was
compressed into the lower third of the drum, followed by a layer of calopo, with
elephant grass being added again to the top third.
All drums were stored upside down. One group of six silos was stored inside a
building on a concrete floor, the other group stored outside in direct sunlight on a
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base of timber and roofing tiles. Trial groups were covered with a plastic tarpaulin in
order to reduce possible UV effects and prolong the useful life of the drums,
improve security, and reduce any possible effects due to the colour of the drums.
There were six treatment combinations of Forage x Location with two replications.

5.2.4

Sampling and Measurements

Samples were collected at random as described in 3.4.4. When the silos were opened
two samples were collected. One was oven dried and used for immediate
determination of DM and N content. The second samples were transported frozen to
Australia and analysed, within 10 weeks, for organic acid content, as described in
section 3.5.8. The drums containing both calopo and elephant grass in layers had the
calopo silage samples and the elephant grass silage samples collected separately,
using the same process as described in section 3.4.4.
A maximum-minimum thermometer was placed with each trial group in order to
measure the temperature range and the maximum ambient temperature the silos had
been subjected to during storage.
Filled drums were weighed, from which silage bulk density and dry matter content
(kg) was calculated.

5.3
5.3.1

Results
General Nutritive Value and Si/age Quality

There was no difference in the nitrogen contents or organic acid contents of the
calopo or elephant grass silages preserved in the same drums when compared with
the silages of the same species ensiled alone.
Table 5.1 shows that the wilted calopo had greater CP content the unwilted elephant
grass both as silage source material (144 v 47 g kg'DM), and as silage (124 v 44 g
kg 1 DM). For both species the pH was high, acetic acid was the dominant organic
acid fermentation product, and butyric acid was detected in all silages. Forage
preservation in the silos was very satisfactory as indicated by the minimum amount
of spoilage (Table 5.2).
Both species had decreases in DM and CP content of silages compared with the
original material. The extent of DM loss was less for the legume calopo (15%, not

Table 5.1

Dry matter, nitrogen, and organic acid contents of wilted calopo
and unwilted elephant grass ensued in 120 L plastic drums
Calopo
Elephant grass
1
2
3
4
5
6
7
8
Source Inside Outside Mean
Source Inside Outside
Mean
Material
Material
Dry Matter
360.2
312.5
296.8
304.6
228.0
186.0
170.0
178.0
A
a
(g kg 1 )
(26.50)
(12.7)
(36.9) (18.3) B
(11.6)
(2.78) (4.99)
(3.95) A,B
Total Nitrogen
23.0
20.3
19.4
19.8
7.5
7.1
6.8
7.0
C,D
(g kg' DM)
(0.54) C (0.62)
(0.32) (0.36)
(0.47) (0.67) (0.42)
(0.37) D
CrudeProtein
143.8
126.6
121.0
123.8
46.8
44.7
42.7
43.7
E,F
(g kg' DM)
(3.40) E (3.87)
(2.03) (2.29)
(3.02)
(4.13) (2.58)
(2.29) F
pH
6.0
6.1
6.1
5.2
5.8
5.5
(0.05) (0.11) (0.06) b
(0.13) G (0.04) G (0.14) b
Acetic acid
32.4
35.4
33.9
41.5
49.5
45.5
(g kg1DM)
(3.43)
(3.51) (2.34) H
(2.84) C (0.73) C (2.03) H
Butyric acid
1.4
4.7
3.0
19.5
23.5
21.5
(gkg' DM)
(0.94)
(1.11) (0.91) K
(0,69) (1.82)
(1.18) K
Lactic Acid
17.8
5.3
11.6
0
0
0
(gkg'DM)
(3.92) d (0.97) d (3.01)
Values are treatment means with the standard error of the mean in brackets
1, 5 DM and CP content of forage at the time the silos were filled (n = 8)
4,8
Pooled results for all silages (n = 8)
2,6
Silage from silos stored inside (n = 4);
3,7 Silage from silos stored outside (n = 4)
Treatment means with the same superscripts are significantly different at P <0.05 (lower case) and
P <0.01 (upper case) respectively

H

Table 5.2

Selected characteristics of wilted Calopo and unwilted Elephant grass ensiled in 120 L plastic drums
Calopo
1
All
Silages

BulkDensity(kgm)
Total Dry Matter (kg drum)
Change in Dry Matter content (%)

2
Inside

3
Outside

(18.1)'

248
(25.13)

249
(29.95)

(6.67)

9,7
(1.90)

10.9
(1.57)

8.5
(1.82)

9.3
(0.76)

13.1

17.5

21.9

88.00

84

0.00

0.5

249

15.3 B

Storage Duration (days)
Spoilage (%)

0.3
(0.16)

Temperature range (CO)

Elephant grass
4
All Silages
309

0

A

B

5
Inside

6
Outside

305
(11.21)

314
(8.32)

9.2
(1.49)

9.5
(1.10)

18.4

25.4

88

82

0

0

0 C° 1

23 Co

(0.29)

0 C°

23 Co #4

C

C
CD

C.)
0
rM

I

Measures are mean values with the standard error of the mean in brackets
4 : Pooled result for all silages (n = 8)
5 silage from silos stored inside (n = 4); 3, 6 : silage from silos stored outside (n = 4)
#:
storage room at constant 26 °C,
storage location temperature range 23 °C 46 °C
Treatment means with the same superscripts are significantly different at P <0.05 (lower case) and P <0.01 (upper
case) respectively
-

L1
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significant v 22%, p <0.01) and CP loss was less for the elephant grass (7%, not
significant v 14%, p <0.01) (see Table 5.1). The calopo silage had higher p1-I (6.06 v
5.49, p <0.05), more lactic, less acetic, and less butyric acids than the elephant grass
silage (11.6 v 0.0 g kg'DM, 33.9 v 45.5 g kg'DM, 3.0 v 21.5 g kg-'DM respectively,
all p <0.01) (Table 5.1).

5.3.2

Effect of Storage Location

There was no differenc in CP content of silages as a result of silo storage location,
but silage produced from silos stored inside favoured better fermentations. Calopo,
for example, had significantly more lactic acid (p <0.05), and elephant grass silages
significantly less acetic acid (p <0.05), lower reductions in DM content (p <0.05),
and lower pH (p <0.01) in silos stored inside compared with silos stored outside
(Table 5.1).
5.3.3

Bulk I)ensilv

The elephant grass had 25% higher bulk density (p <0.01) than calopo, however the
DM content (kg per drum) was not significantly different and averaged about 9.5 kg.
(Table 5.2).

5.4

Discussion

Apart from an extremely minor occurrence all silages were spoilage free. This means
that anaerobic conditions were established and maintained throughout the 90 days
the forage was stored, and it is likely the silage could have been safely stored much
longer. The drums were excellent silos.

The elephant grass, which was ensiled as unwilted mature pasture, produced poor
quality silage. This was partly due to the nutritive value of the original forage being
low. It had a high proportion of its dry matter as stem, and a high moisture content
(about 78%), which made it difficult to wilt, and the crude protein content was very
low. Silage produced had even lower DM and CP content than the original material,
meaning that nutrient losses had occurred during the conservation process. This loss
may be exaggerated because the silage DM content and the nitrogen content were
both determined on oven dried material: the recorded losses are likely to be lower if
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the determinations were adjusted for the DM and N content of the silage volatiles.
Acetic acid dominated the fermentation in which significant amounts of butyric acid
were also produced and no lactic acid was detected. The results support previous
work suggesting acetic acid to be the main fermentation product of tropical forage
silages (Catchpoole and Henzell 1971; Aguilera 1975), and appeared to be
clostridial as described in McDonald et al. (1991).

Elephant grass, which is grown in abundance in Indonesia, could potentially be
conserved as silage using simple technology. The product could be improved by
harvesting the grass at an earlier stage of the growth cycle when the N content is
higher and there is a higher proportion of leaf, wilting to a higher DM content, or
using an additive to improve either the nutritive value or fermentation or both. Each
option has the potential to be successful because management is involved without
any significant increased cost.

The wilted calopo also produced an acetate silage from unchopped mature forage.
As with the elephant grass, there was little or no spoilage, but there was a significant
amount of N lost (14%, as measured from oven dried samples) during a 90 day
storage period. Nevertheless, the silage was palatable as 2 year old Bali cows (Bos
javanicus) ate all the calopo silage immediately it was presented in addition to their
normal daily rations (fresh elephant grass and concentrate). Calopo silage quality
could be improved by harvesting at an earlier growth stage, and by chopping the
plant matter. The latter may improve ensilage by releasing plant cell contents for
easier access by fermentation bacteria, and by allowing greater compaction in the
silo.

Silages from both species were marginally better in silos stored inside and this has
implications for management practices. The thermometers placed with each group of
experimental silos showed the inside location to have a constant temperature of 26
°C, whereas the outside storage location varied from 23

-

46 °C. There was no

apparent silo storage location effect on the silage N content, but there may have been
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an effect on the silage fermentation as calopo silages stored inside had more lactic
acid and elephant grass silages less acetic acid.

The higher bulk density of the elephant grass was due to the higher water content
and no wilting treatment compared to the calopo rather than the density of packing
because all silos contained approximately the same amount of DM (kg). In turn, this
probably had an adverse effect on the quality of the silage produced from the
elephant grass compared with the calopo. To investigate this aspect silages need to
be made from forages wilted to the same DM content.

5.5

Conclusions

• It can be concluded from this trial that plastic drums stored upside down make
excellent silos.
• Mature wilted calopo, and mature, unwilted elephant grass produced low
quality acetate silages. This probably reflected the poor quality of the source
material.
• Bases on analyses of samples which had been oven dried, mature, unchopped
and wilted calopo forage had a 14% reduction in CP content after 3 months
storage as silage.
• Although the silage bulk density was different, silos contained approximately
the same amount of DM (kg) for both species.
• It was observed that the silage fermentation may be improved by storing the
silos in a lower temperature environment.

Forage Conservation in the Wet / Dry Tropics
for Small Landholder Farmers
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Chapter 6

COMPARISON OF NUTRITIVE VALUE OF
CAVALCADE LEGUME AND PANGOLA GRASS
CONSERVED AS EiTHER HAY OR BALED SILAGE

Abstract

This work compares the nutritive values of cavalcade legume (Centrosema
pascuorum) and pangola grass (Digztaria eriantha) pastures with the nutritive values
of the same pastures preserved as 7 month old hays and silages. The herbages were
harvested (cavalcade by slashing and pangola using a disc mower) and subjected to
different wilt treatments under field conditions to obtain forage with dry matter
contents ranging from 221

-

865 g kg 1 . The wilted herbages were made into small

cylindrical bales (800 mm long x 450 mm diameter) which were either wrapped in
plastic film for preservation as silage, or in the case of the highest DM herbage, left
unwrapped as hay. Each bale was sampled and analysed for nutritive content (DM,
DDM, GE, and N). Wrapped and unwrapped bales were stored in either a protected
(inside) or unprotected (outside) location for 7 months after which they were again
sampled and analysed for nutritive value and, in the case of silages, fermentation
quality (pH, ethanol, acetic, butyric, and lactic acids, and ammonia-N).

The nutritive values of the cavalcade forage (DM 233 g kg DDM, 551 g kgDM;
ME, 8.2 Mi kg t DM, and CP, 204 g kg 1 DM) reduced as wilting and DM content
increased, but nutritive content during storage was maintained. Cavalcade silages
were better nutritive value than cavalcade hays (p <0.01). After 7 months storage
mean DM, DDM, ME, and CP contents of silages and hays were 520 v 922 g kg 1,
516 v 425 g kg' DM, 7.5 v 6.1 MJ kg 1DM, and 161 v 130 g kg'DM respectively.
Silage quality was good with high lactic acid contents, lower acetic and minor
butyric acid production (25 v 9 v I g kg'DM respectively) being associated with low
pH (4.6), and low ammonia-N production (42 g kg total N). Spoilage was generally
low (11.5%).
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The nutritive value of the pangola grass forage (DM, 221 g kg' DDM, 600 g
kg'DM; ME, 9.0 MJ kg 1 DM; and CP, 130 g kg 1 DM) also reduced as DM content
increased, but nutritive content was maintained during storage. Again, silages were
better nutritive value than hays (p <0.01). After 7 months storage mean DM, DDM,
ME, and CP contents of pangola silages and hays were 545 v 920 g kg 1 , 578 v 488 g
kg DM, 8.5 v 7.1 MJ kg'DM, and 109 v 98 g kg'DM respectively. Although
ethanol was the main fermentation product (12.1 g kg'DM), pangola silage
fermentation quality was still good with lactic acid content higher than acetic acid
content, and minor butyric acid production (6.5 v 2.4 v 0.2 g kg'DM respectively)
being associated with high pH (4.95), and low ammonia-N production (33.2 g kg'
total N). Spoilage was consistently low (2.8%).

Ammonia-N production, which was always less than 60 g kg' total N, was highest
for low DM content silages for both species (p <0.01). The silo storage location did
not have any effect on silage nutritive value or fermentation quality

After 7 months storage there was no difference in nutritive value of unspoiled
cavalcade hays stored inside or outside. Cavalcade hays stored outside had more
spoilage and were lighter (p <0.01). Similarly, pangola hays stored outside had more
spoilage (p <0.01), and were lower in DDM (502 v 470 g kg'DM, p <0.05), and ME
(7.3 v 6.8 MJ kg1DM, p <0.05).

6.1

Introduction

Trials described in Chapters 4 and 5 demonstrated that wilted tropical forage can be
successfully conserved as silage in airtight plastic or steel drums stored upside down.
This management strategy is unlikely to become a widespread practice because i)
the steel drums are unreliable and not recommended (see 4.3.5), ii) alternative uses
for the plastic drums (especially in Indonesia) are probably more attractive, and iii)
the relatively high capital cost of both types of drums makes the feed reasonably
expensive on a $ kg 1 DM basis (approximately $0.44 0.61 kg 1 DM for steel drums,
-

and $0.86

-

0.89 kg 1 DM for plastic drums, see Appendix 5 and Table 7.1). Plastic
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drums similar to those used in Sulawesi are not available in Australia. Instead, the
wide range of plastic drums which are available, and possibly suited to silage
production, are relatively expensive. For example, 120 L beer fermenters cost
$46.00, and 200 L pickle barrels cost $160.00. Unless the drums could be procured
at no, or little, cost it would appear their use in fodder conservation programs for
small landholder farmers is very restricted.

However, the objective of the investigation (section 1.5) concentrates on the silage
as a product, and the need to use drums as silos is not the critical factor. Other
containers may be more appropriate. Whilst 120 L plastic drums have proven to be
most suitable in these trials, other researchers have successfully used PVC pipe
(Spitarari et al. 1995), vacuum sealed plastic bags (Tjandraamadja et al. 1991),
various sized drums (Laforest et al. 19861 Xiccato et al. 1994), tubes of plastic (Mir
et al. 1995), and round bales wrapped in plastic film (Fenlon et al. 1989; Jonsson et
al. 1990; Beaulieu et al. 1993). In all cases successful silage was produced, but the
quality of the product depended more on the nature of the forage being ensued rather
than the actual form of the silo.

In particular the use of big round bales ( >300 kg fresh weight) wrapped in plastic to
make silage has become commonplace. Mechanisation of the process and the good
quality of available plastic film, combined with the lower field losses from leaf loss
or weather damage compared to making hay, have encouraged farmers in developed
countries like Australia to include baled silage production in their fodder
conservation management strategies. For example: in summarising data from big
bale silages made in England 1984-91 Haigh (1995) noted that in 1993, 18% (5.3
Mt) of all silage made was in the form of bales. Although researchers (eg, Kaiser et
al. 1990) have suggested silage production be included in tropical forage
conservation programs, this trend has not extended to the tropics. Technical
information on the ensuing characteristics of baled silage compared to other ensiling
techniques have been reported for temperate forages (eg, Nicholson et al. 1991) but
comparable data from tropical forage is scarce or not available. The big bales are not
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appropriate for small landholder farmers1 , but machinery is available to produce
smaller bales (<40 kg). The fermentation characteristics of tropical forage in small
bales is not reported in the literature, but it would appear that if the silage was of
sufficient quality then the advantages of being able to quickly produce a lot of bales
(eg, approximately 100 per day), all of which are easily portable, from small areas of
land, may offset the disadvantages of requiring the machinery for production.

This experiment investigates the characteristics of baled silage made in the wet
season from tropical forage, compares the nutritive value of the silage with hay
made from the same pasture species at the same growth stage, and assesses the
possibility / value of the process for small landholder farmers.

6.2
6.2.1

Materials and Methods
Bale production and Silos

Cut, wilted and windrowed pasture was baled with a fixed chamber SBS
International RB 502 round baler operated at constant baling pressure. The small
cylindrical bales (800 mm x 450 mm diameter) produced were stored as hay or
individually wrapped in plastic film using a stand alone Silawrap International
wrapping machine (WR SOOE) with two complete turns of Silawrap green (250 mm
x 25 urn) film using 30% stretch and >50% overlap. Bales made into silage were
wrapped and stored within 45 min of baling

6.2.2

Forage

The forages used were pangola grass (Digitaria erianiha) and cavalcade legume
(Centrosema pascuorum) pasture, established on red massive earth soil (Fogarty et
al. 1994) in adjacent paddocks at Tarninmin High School, 40 km south of Darwin.
The cavalcade had grown from seed fall in the previous season on land which had
been lightly harrowed and fertilised with phosphorus (18 kg ha') and sulphur (20 kg
the large bales are too difficult and expensive to move from place of purchase to place of
intended use without access to appropriate machinery, which is too expensive for small landholder
farmers. Further, even one bale contains more feed than can be consumed by a small number of animals
(eg 3 x 250 kg buffalo) in a few days: there is the high likelihood of significant fodder wastage as the
silage is exposed to aerobic conditions in a tropical climate.
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ha') in October 1995. Weed growth was controlled by weed roller application of 1%
solution of Roundup and 2,4-D, followed by physical removal of persistent growths.
At harvest on March 21st, 1996 the mature crop was almost 1000/0 cavalcade
legume, had received 1249 mm rain and was 125 days old, but still in the early
flowering stage (<5% flowers). The crop was slashed (John Berends 180 slasher)
immediately before windrowing with a Massey Ferguson rake (MF 525).
The pangola pasture had been established in the 1994 wet season. Urea (50 kg haj
had been supplied after the first rain in November 1995 and again in January 1996
(100 kg ha'). The pasture was lightly grazed in December and late January by
buffalo and cattle. An application of 1% Starane, 2,4-D mixture in early February
was the only chemical weed control used. At harvest on March 15th the crop was 45
day regrowth from the previous grazing and composed of 95% pangola and 5%
calopo (Calopogonium mucunoides). During this period the pasture had received 434
mm rain, including 175 mm since the last fertiliser application (Superphosphate, 100
kg ha 1 ). The pasture was cut 100 mm from ground level using a New Holland disc
mower (NIH 452) and windrowed with a Massey Ferguson rake (MF 525), before
baling.

6.2.3

Treatments

The treatments were degree of wilt and storage location. The cut pasture was wilted
before being baled. The bales were either wrapped in plastic film to form bales of
silage or left unwrapped as hay. This ensured the silages and hay were made from
the same pasture harvested at the same growth stage.

The cavalcade was slashed at 1000 hrs (21-03-96) and windrows were completed by
1100 hrs. Subsequently 48 bales were made. Sixteen were made one hour after
slashing (minimum wilt), but because of light rain (3mm) the windrows were left
until the next day, turned over at 1000 hrs and left to wilt for four hours before the
second group of 16 bales were made (heavy wilt). The final 16 bales (hay) were
produced after a further 4 hours wilt. The periods of wilt were thus 1, 28 and 32 h.
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The pangola was cut at 1130 hrs (15-03-96) with windrow completion by 1230 hrs.
Subsequently 48 bales were made, of which 12 were made one hour after cutting
(minimum wilt), 12 made three hours later (wilted), 12 made the next day at 1230
hrs (heavy wilt), and the final 12 made at 1630 hrs (hay). The windrow was turned
once at 1130 hrs on the day after harvest.

Half of each wilt treatment group were stored either inside or outside. The inside
location was a shed and the bales were stored in a wire enclosure (12mm square
galvanised) on a concrete floor covered with industrial plastic. Rentokil Bromakil
blocks (0.05 g kg 1 Bromadioline) were placed in six locations on, under, and next to
the stored bales in order to prevent bale damage by rodents. The outside location was
immediately adjacent to the shed, but unprotected from the weather or shade (other
than the shadow of the shed). Industrial plastic, a wired enclosure and Bromakil
blocks were similarly placed on a cleared area previously treated with 1.0% Lorsban
SOOEC. The Lorsban was to deter termites and other insects from chewing holes in
the bale's plastic film.

6.2.4

Sampling and Measurements

Samples of plant material were taken prior to harvesting and baling, and after the
baled silage or hay had been stored for either 165-167 d (cavalcade) or 178-180 d
(pangola). Six samples were taken from the pasture immediately prior to cutting or
slashing. Each sample was a composite of five random samples as described in 3.4.4.
Samples were collected during baling, from the windrows immediately in front of
the baler intake. A cross-section of the windrow was collected, chopped up using
shears, mixed together, then sub-sampled.

The bales of silage were opened, the plant material rolled out, and samples collected
as follows:
• immediately for determination of ammonia-N by taking five 15-20 g of
unspoiled silage randomly from the bale, then cut up using shears, mixed, and
sub-sampled. Twenty grams of subsample was put into a 250 mL conical flask
together with 100 mL water and shaken for 15 mm. Ten millilitres of this
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extract was added to 1.0 mL of 0.IM Sulphuric acid, stored in a refrigerator at
10 °C until analysed according to the method described in section 3.5.3. All
analyses were completed within 3 weeks of the extracts being collected.
• at random as six 40-50 g samples from the silage (or hay), then cut up with
shears, and mixed. Three 50 g subsamples were taken, one for determination
of pH and organic acid content, one for determination of N (as % fresh
sample), and DM, GE, DDM, and ash content (as described in section 3.5.2

-

3.5.8), and one for storage. The material used to determine DM,GE, DDM,
and ash contents was oven dried, then milled, before analysis.

Each bale was weighed prior to storage in March, and then again prior to opening in
September (Salter 0-50 kg, Model 235 6S). In both cases the bale weights included
the weight of the plastic film (+1- 200 g).

Silage spoiled by fungus or mould, and any hot discoloured material at the interface
between the waste and undamaged silage, was separated and weighed. This was
reported as percent spoilage (see section 3.5).

Bale Bulk Density (BD) was calculated in kg m 3 as described in section 3.5.9.

6.3

Results

6.3.1

Effect of Storage on Bale Weight and DM content
6.3.1.1

Si/ages

After 7 months storage there was a reduction in bale weight for the low DM
cavalcade silages (p <0.05), and for pangola silages at all wilt levels (p <0.01). There
was no change in bale DM content (kg) for silages of either species (Table 6.1).
6.3.1.2

Hays

Both cavalcade and pangola baled hays lost weight (p <0.01) and had reductions in
bale DM content (kg) after 7 months storage (p <0.01). The bale DM reductions for
cavalcade hays and pangola hays were 23.3% and 20.0% respectively (Table 6.1).
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Pasture Nutritive Value

Both pastures were good quality tropical forages. Whilst of similar DM and GE
content, the pangola had higher values than the cavalcade for digestibility (p <0.05)
and ash content (p <0.01), but a lower value for CP (p <0.01) (see Table 6.2, 6.3).

6.3.3

Field losses and Effect of Wilting on Nutritive Value

Tables 6.2 and 6.3 show that nitrogen content was reduced by wilting, gross energy
and ash contents were unchanged, but effects on digestibility varied. For example,
nutritive value of hay compared to the pasture show that both species maintained GE
and ash contents and reduced N content (p <0.01), but the pangola maintained
digestibility whereas the cavalcade did not. Compared to pasture, cavalcade hay had
greater reduction in DDM (12.4% v 6.8%), but less loss of N content (36.9% v
52.9%) than pangola hay. Nutritive values continued to drop as wilting progressed,
but the greatest reductions in digestibility for both species was during the first wilt
period immediately after harvest.

6.3.4

Storage Losses

Data presented in Tables 6.4 and 6.5 include measures from silages from silos stored
both inside and outside because results shown in Table 6.12 indicate there is no
effect on silage nutritive value or fermentation quality as a result of the storage
location.
As shown in Tables 6.4 and 6.5, all silages retained nutritive level during storage
very well. For cavalcade silages there were apparent increases in DM, GE, DDM,
and ME content but no change to total N, CP and ash contents. For Pangola silages
there were no changes to DM or Ash contents, but apparent increases in GE, DDM,
ME, total N, and CP.
Cavalcade and pangola hay stored equally well. After 7 months storage, cavalcade
hays had an apparent increase in DM content (5.75°/s), maintained N, ash, and GE
contents, but had reductions in DDM (12.1%), and ME (13.3%) in comparison to the
original material at bale formation. Similarly, pangola hays had apparent increases
in DM (13.4%), N (5.79%), CP (3.62%), and ash content (0.89%), but reductions in
GE (14.0%), DDM (12.5%), ME (13.4%).

Table 6.1

Comparison of bale weights and DM contents of cavalcade legume and pangola grass
after seven months stored as either baled silages or baled hay
Cavalcade legume
Pangola grass
Wilted
Forage

Sample size (n)

Heavily Wilted
Forage

Hay

16

16

16

Bale weight:
March (kg)

26.3 (0.6)

a

Bale weight:
Sept (kg)

25.7 (0.6)

a

13.5 (0.4) A

16.1 (0.4)
15.9 (0.4)

9.7 (0.4)

Minimum
Wilted Forage

Wilted
Forage

Heavily
Wilted
Forage

Hay

12

12

12

12

25.5 (0.7) D 23.0 (0.5) F

19.2 (1.0) F

15.4 (0.5) G

24.8 (0.9) D 22.3 (0.5) F

18.4 (1.0) F

10.7 (0.5) G
ITI

567.0 (14.6) C 865.0(11.7) 8 437.0 (23.7)

543.0 (23.3)

587.0 (31.8)

786.0 (25.2)

922.0 (2.7) B 443.0 (14.5)

554.0 (14.8)

637.0 (24.4)

920.0 (5.8) H

12.0 (0.5)

Bale DM
content:
March (g kg)

372.0 (15.0) b

Bale DM
content:
Sept ( g kg-')
DM content
per bale:
March (kg)

414.0 (12.1) b

9.8 (0.5)

9.0

(0.4) d

11.6 (0.3) C

11.0 (0.5)

12.5 (0.6)

11.1 (0.5)

DM content
per bale
Sept (kg)

10.7 (0.4)

9.8

(0.3) d

8.9 (0.2)

10.9 (0.3)

12.3 (0.3)

11.5 (0.3)

619.0 (18.0)

C

H

H

a
CD

'

9.6 (0.4) K

Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P <0.05 (lower case) and P < 0.01 (upper case) respectively

all

Table 6.2

Effect of wilting on nutritive value of cavalcade legume

Cavalcade legume

Samptesize(n)

Fresh

Wilted

Pasture

Forage

Heavily Wilted
Forage

16

16

6
(9.5) A, D

DryMatter (gkg')
Gross Energy (MJ kg4 DM)

232.5

Dry Matter Digestibility ( g kg 1 DM)
MetabolisableEnergy(MJkg'DM)

551.3 (7.9) b,A
8.2 (0.1) b,A

TotalNitrogen(gkg'DM)
Crude Protein (g kg'1 DM)
Ash (gkg1 DM)

17.9 (0.7)

18.8 (0.4)

A

32.9 (1.1)
204.3 (07) A
50.3 (2.4)

3717(150)AB

566.9(14.6) Bc
17.7 (0.2)

A

441.3 (13.3)

A

26.7 (1.2)

6.4 (0.2)
23.2 (0.9)

166.7 (0.7)
49.0 (1.2)

147.1 (0.6)
48.4 (1.4)

445.4 (9.8)
6.4 (0.2)

Hay

1

'

16
864.6(11.7) C,D
17.8 (0,3)
482.9 (10.7) i,b
7.0 (0.2)
20.7 (1.4)
133.1

A

(0.7) A

42.8 (1.1)

*

Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P < 0.05 (lower case) and P < 0.01 (upper case) respectivel

y

Table 6.3

Effect of wilting on nutritive value of pangola grass
Pangola grass
1
Fresh
Pasture

Sample size (n)
Dry Matter (g kg')
GrossEnergy (MJkg'DM)
Dry Matter Digestibility
(gkg"DM)
MetabolisableEnergy
(MJ kg DM)

2
Minimum Wilted
Forage

3
Wilted
Forage

4
Heavily
Wilted Forage

5
Hay

12

12

12

12

6
221.3 (18.6)

A,C

18.7 (1.1)
598.3(17.5)

436.5 (23.8)
18.8 (0.4)

D

9.0 (0.3)

470.6

(9.8)

D

6.8

(0.2)

E

d

Total Nitrogen (g kg 1 DM)

20.9 (2.1)

d,F

14.6 (1.2)

Crude Protein (g kg'DM)

129.9 (1.2)

"

Ash (gkg'DM)

69.4 (3.7)

A

543.3 (23.3)

'

586.8 (31.8) B

18.8 (0.5)

20.6 (0.4)

497.2 (9.8)

516.1 (9.8)

7.2 (0. 2)E

785,6 (25.2) 'c
21.2 (0.5)

b

7.5 (0.2)

557.4 (5.9)

b

8.2 (0.1)

14.3 (0.7)

13.8 (1.0)

e

99 (05) e,F

91.1 (0.8)

88.6 (0.5)

90.6 (0.6)

G

61.6 (0.3)'

60.6 (2.6)

60.7 (2.1)

67.7 (4.2)

57.8( 2.3)

Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P <0.05 (lower case) and P <0.01 (upper case) respectivel

y

110

eL

Table 6.4

Mean nutritive values of cavalcade legume silage and cavalcade legume hay after 7 months storage,
the amount of variation, and degree of significance when compared with the mean nutritive values
of original forage at the time of ensuing (as provided in Table 6.2)

1
Wilted Forage

Cavalcade legume
2
Heavily Wilted Forage

3
Hay

15

16

10

414.3 (12.06)

618.8 (17.97)
+51.9 *

922.1 (2.73)
+57,5 **

21.2(0.28)
+ 2.5 **

20.5(0.23)
+ 2.8 **

18.6 (0.28)
+ 0.8

533.5 (7.20)
+ 88.1 **

500.8 (13.27)
+ 59.5 **

424.5 (7.72)
-58.4 **

7.8 (0.11)
+ 1,4 **

7.3 (0.21)
+0.9 **

6.1 (0.12)
-0.9 **

TotalNitrogen(gkg'DM)

25.8(0.99)
-0.9

25.8 (0.99)
+2.6 *

20.8 (1.15)
+0.1

Crude Protein (g kg'DM)

161.2 (6.2)
-5.2

161.3 (6.2)
+ 14.2 *

131.1 (0.70)
+ 1.6

Ash (gkg'DM)

46.8(0.87)
-2.2

45.1 (1.09)
-3.3 *

44.0 (1.03)
+1.1

Sample size (n)
Dry Matter (g kg')

+42.6
GrossEnergy (MJkg'DM)
Dry Matter Digestibility ( g kg'DM)
Metabolisable Energy (MJ kg' DM)

*

-3
0

0

CL
CD

C)
0

rd,

CD

0

Values are treatment means with the standard error of the mean in brackets, and variation of the means, after 7 months storage.
significant at P < 0.05 and P < 0.01 respectively
-I

Table 6.5

Mean nutritive values of pangola grass silage and pangola grass hay after 7 months storage,
the amount of variation, and degree of significance when compared with the mean nutritive values
of original forage at the time of ensuing (as provided in Table 6.3)
Pan2ola grass
1
2
3
4
Minimum
Wilted Forage
Heavily
Hay
Wilted Forage
Wilted Forage
Sample size (n)
12
12
12
II
Dry Matter (gkg')
443.1 (14.53)
554.3(14.78) 637.2(24.37)
919.7(5.81)
+ 6.6
+ 11.0
+ 50.4
+ 134.1 **
GrossEnergy (MJkg'DM)
21.5 (0.37
20.4(0.23)
19.4 (0.31)
18.2 (0.10)
*
+ 2.7 **
+ 1.5 *
1.2
3.0 **
Dry Matter Digestibility ( g kg'DM)
608.1 (11.59)
569.9 (10.37)
554.8 (9.21)
487.6 (8.00)
**
**
+ 137.5 **
+ 72.7
+ 38.7
69.8 **
MetabolisableEnergy(MJkg'DM)
9.0 (0.18)
8.4 (0.16)
8.1 (0.14)
7.1 (0.13)
**
+ 2.1 **
+1.1
+ 0.6 **
1.1 **
Total Nitrogen (g kg'DM)
17.2 (0.70)
17.3 (0.70)
18.0 (1.11)
15.6 (0.42)
*
**
+ 2.6
+ 3.0
+ 4.2 **
+ 5.8 **
Crude Protein ( g kg1 DM)
107.4 (4.35)
108.0 (0.44)
112.6 (4.35)
97.8 (3.2)
*
+ 16.3
+ 1.9 **
+ 26,2 **
+36.2 **
Ash (gkg 1 DM)
63.0 (2.04)
61.4 (1.43)
61.2 (1.73)
66.8 (0.32)
+ 2.5 NS
+ 0.6 NS
6.5 NS
+ 9.0 **
Values are treatment means with the standard error of the mean in brackets, and variation of the means, after
7 months storage.
k
significant at P <0.05 and P < 0.01 respectively
,
-

ITI

-

-

-

-

,

C
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Fermentation Quality

Both pasture species ensued successfully with relatively low pH, and low
ammonia-N silages with lactic acid being the dominant organic acid fermentation
product (see Tables 6.6 and 6.7). Butyric acid was detected in all cases but always in
very low concentrations. The best quality silages were produced from higher DM
herbage. However, the fermentation patterns were very different. The cavalcade
produced low ammonia-N, lactic acid dominant silages with significant amounts of
acetic acid, whereas the pangola produced low ammonia-N silages in which there
were significant amounts of ethanol, but with lactic acid as the most abundant
organic acid product. These patterns were repeated for each wilt treatment.

Tables 6.6 and 6.7 also show that as the degree of wilt increased, the total amount of
fermentation product reduced. For cavalcade silages, pH, lactic acid and ethanol
contents were maintained between wilt groups, but silages made from higher DM
material had lower amounts of acetic acid, butyric acid, and ammonia-N (p <0.01).
For pangola silages ammonia-N and butyric acid production was constantly low, and
silages from higher DM herbage had less lactic and acetic acids, and ethanol (p
<0.01), and higher pH (p <0.01).
6.3.6

Comparison of Nutritive Value of Silage v Hay

Tables 6.4, 6.5 and 6.10 show that silages consistently had higher GE, DDM, ME,
total N, and CP than comparative values of hays made from the same pasture species
(all p <0.01). Although lower in DM content the silages had more DM (kg) per bale
than hays (p <0.01).

Although the GE content was approximately the same, the pangola silages were
lower in N content (17.2 18.0 g kgDM v 25.8 g kg'DM, p <0.01), but higher in
-

DDM (555 608 g kg1DM v 501 534 g kg'DM) and ME (8.1 9.0 MJ kg'DM v
-

-

-

7.3 -7.8 MJ kg 1 DM) than cavalcade legume silages (Tables 6.4 and 6.5 and 6.10).

Similarly, the GE and DM contents were approximately the same for hays from both
species, but the pangola hay, although lower in N content (15.6 v 20.8 g kg'DM),
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had higher DDM (488 v 425 g kg-'DM) and ME values (7.1 v 6.1 MJ kg-'DM) than
cavalcade hay.

6.3. 7

Fermentation Losses

Fermentation losses, as indicated by the reduction in bale weight during the 7
months storage, were generally low. As shown in Table 6.1 fermentation losses were
lower for cavalcade silages compared to pangola silages overall (1.6 % v 3.3 %).
Table 6.8 shows the fermentation losses for the cavalcade silages to be greater in the
lower DM herbage (2.1% p <0.05), but not significant for the higher DM treatment
group (1.2%). Table 6.9 shows that silages made from pangola all had significant
fermentation loss (2.8%, 3.0% and 4.0%, all p <0.01).
6.3.8

Bulk I)ensiiy and other Physical Measures

Tables 6.8 and 6.9 show that bales of cavalcade silage generally had lower bulk
densities than pangola silages (200 kg m 3 v 260 kg m 3) and contained less DM (10.2
kg v 11.6 kg ) even though the bales were approximately the same mean weights (21
kg). For both species there was no loss of DM (kg bale-) in the baled silages (Table
6.1). The results of linear regression analyses between bulk density or forage DM
content and various parameters of fermentation, are presented in Table 6.11.
(Figures of these regressions are attached as Appendix 3). For both cavalcade and
pangola silages, bales formed from lower dry matter herbage had higher bale bulk
densities and produced higher amounts of ammonia-N (Tables 6.6-6.9). The
correlation between bulk density and DM content was more pronounced for
cavalcade (r2 0.61 v 0.19). There was a strong negative correlation between initial
DM content and lactic acid content for the pangola, but not for the cavalcade (r2 0.39
v 0.005) (Table 6.11).
A relationship between Bale Bulk Density and either ammonia-N content, lactic acid
content, or bale total DM content (kg) was not indicated (Table 6.11).

Table 6.6

Fermentation characteristics of wilted cavalcade legume silages
Cavalcade legume

Sample size (n)
Dry Matter (gkg 1)

1
Wilted
Forage

2
Heavily Wilted
Forage

15

16

414.30(12.06)

Silage pH

4.50 (0.14)

Ethanol(gkg'DM)

2.49 (0.55)

A

0

0

1.44 (0.36)

Acetic acid (gkg'DM)

13.99 (1.94)

Butyricacid(gkg'DM)

1.79 (0.25)

C

Lacticacid(gkg'DM)

16.61 (1.42)
52.30 (4.27)

618,80(17.97) A
4.60 (0.06)

B

Ammonia Nitrogen (g kg1 TN)

-t

5.10 (0.74) B

0.34 (0.14)

c

13.44 (1.35)
D

32.20 (1.86)

Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P <0.05 (lower case)
and P <0.01 (upper case) respectively

I

Table 6.7

Fermentation characteristics of wilted pangola grass silages
Pangola grass
1
Minimum Wilted
Forage

Sample size (n)
Dry Matter (gkg')
Silage pH
Ethanol (g kg'DM)
Acetic acid (g kg'DM)
Butyric acid (gkg 1 DM)
Lactic acid (g kg 1DM)
Ammonia Nitrogen (g kg' TN)

12
443.10(14.53)
4.50 (0.05)
16.27 (1.10)
4.12 (0,96)

12
554.30(14.78)
D,F

G
b,H

0.45 (0.32)
11.74 (1.01)
40.00 (4.29)

2
Wilted
Forage

3
Heavily Wilted
Forage
12
iB

4.90 (0.07)

D,E

12.52 (1.25)
1.87 (0.41)

a
b

0.06 (0.01)
j'

5.05 (0.80)
30.70 (3.78)

637.20(24.37)
5.40 (0.09) E,F
7.38 (1.09) s,G
1.30 (0.35) II

CD

0.04 (0.01)
C,J

2.52 (0.47) c,K
28.90 (5.07)

Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P <0.05 (lower case)
and P < 0.01 (upper case) respectively

tIj

Table 6.8

Characteristics of silages and hay made from wilted cavalcade legume

Sample size (n)
Bale Bulk Density (kg m'3 )
Dry Matter (g kg )

Cavalcade le2ume
1
2
Wilted Forage
Heavily Wilted Forage
15
16
240.5 (8.17)
414,3 (12.06)

A,C

163.1 (7.20)

D,F

618.8 (17.97)

Final Bale Weight (kg)

25.7 (0.96)

G,J

15.9 (0.59)

Total Dry Matter
(kg bale

10.7 (0.42)

K

9.8 (0.27)

2.1 (0.55)

M

1.2 (0.90)

Weight Loss per Bale
*
(% initial bale weight)
Dry Matter change (%)**
Spoilage:
*
(% final bale weight)

+ 9.2

15.3 (4.03)

+ 8.4

7.9 (7.97)

3
Hay
16
96.1 (3.26)

''

G,H

B€

922.1 (2.73) E,F
97 (041) H,J
8.9 (0.21)

L

K

36.0 (3.55) "
-

23.5
43.8 (11.99) a

fresh weight basis,
: kg bale' (September) as a percentage of the kg bale-' (March)
Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P < 0.05 (lower case)
and P < 0.01 (upper case) respectively

TI

I

CD
CD

Table 6.9

Characteristics of silages and hay made from wilted pangola grass
Pangola crass

1

2

Minimum Wilted
Forage

Wilted Forage

Sample size (n)
Bale Bulk Density

12
287.9 (11.71)

C

3
Heavily Wilted
Forage

12
284.5 (10.33) A

(kg m 3 )
Dry Matter (g kg')
Bale Weight(kg)
Total Dry Matter
(kg bale
Weight Loss per Bale
(% initial bale weight)

Dry Matter change (%)
Spoilage:
*
(% final bale weight)

443.1 (14.53)

24.8 (0.85)
10.9

(0.33)

2.8

(0.69)

-1.0
3.6

D,G
'
a,M

P

554.3 (14.78)

22.3 (0.50)
12.3
3.0

(0.29)
(0.28)

-1.2
(1.18)

2.5 (1.13)

'
H
'

4
Hay

12
215.5 (9.21)

A,B

11
125.8 (5.55) 8C

637.2 (24.37)

E,F

919.7 (5.81) F,G

18.4

(0.96) H,J

11.5

(0.29)

10.7 (0.45) j'
9.6 (035) I,M

4.0

(0.56)

L

N

4.2
2.4 (1.63)

29.8 (3.82) N,P

-20.2
b

22.5 (10.19) b

fresh weight basis,
: kg bale' (September) as a percentage of the kg bale` (March)
Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P < 0.05 (lower case)
and P <0.01 (upper case) respectively
-.1

Table 6.10

Comparison of nutritive value of silages and hays made from cavalcade legume and pangola grass

Cavalcade 1e2ume

Sample size (n)

Pangola grass

1

2

3

4

Silage

Hay

Silage

Hay

16

36

12

31
519.8 (21.6)

%C

922.1 (2.7)

10.2 (0.3)

D,F

8.9 (0.2)

20.8 (0,2)

G

18.6 (0.3)

C

Dry Matter Digestibility (g kg'DM)

516.0 (8.3)

J,L

424.5 (7.7)

J,M

Metabolisable Energy (MJ kg DM)

7.5 (0.1)

N,R

6.1 (0.1)

N,S

Total Nitrogen (g kg' DM)

25.8 (0.7)

T,V

20.8 (1.2)

T,W

CrudeProtein(gkgDM)

161.3 (4.3)

XY

130.1 (7.0)

xz

Dry Matter (g kg')
Dry Matter (kg ba1e)
Gross Energy (MJ kg' DM)

A

544.8 (17.0)

B,C

H
C
t)

919.7 (5.8) B

11.6 (0.2)

E,F

9.6(0.4)

20.4 (0.2)

H

18.2 (0.1)

577.6 (7.0)

K,L

rD

H

487.6 (8.0) '"
I',R
8.5 (0.1)
7.1 (7.1) P,S
17.5 (0.5) " 15.6 (0.4) W
109.3 (3.2) " 97.8 (0.3) Z

Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P < 0.05 (lower case)
and P <0.01 (upper case) respectively

0
-t

0

-s

0

Table 6.11

Regression analyses for selected components of cavalcade legume and pangola grass silages

Cavalcade Silaes
Regression components Intercept (± SE)
Slope (± SE)

r2, p

Initial DM' contentv
Ammonia-N content

85.34 (±9.21)

Initial DM content v
Lactic acid content

16.43 (± 4.38) -0.003 (+0.009) r2 = 0.005
p = 0.726

Initial DM content v
Ethanol content

2.86

(i-

1.42)

-0.09 (±0.02) r0.461
p = 0.00004

-

0.002 (+0.003) r2 = 0.016
pO.509

Pangola Silages
Intercept ( ± SE)
Slope (± SE)
65.03 (+ 11.77)
20.07 (± 3.15)
19.69 (+4.24)

r2, p

-0.06 (±0.02) r2 =0.183
p = 0.009
0.03 (+ 0.01) r2 = 0.350
p = 0.0001
-0.02 (+0.01) r2 = 0.09
P=°.°75
-

a
CD

Bale Bulk Density
Ammonia-N content

2.56 (± 10.90)

Bale Bulk Density v total
DM content (kg/bale)

7.70

Bale Bulk Density v
Lactic acid content

8.82 (±4.49)

Bale Bulk Densityv
Initial DM content

866.37 (± 60.21)

(±0.01)

0.19 (± 0.05) r2 =0.325
p = 0.001
1.09 (±0.01) r r0.163
p = 0.024

-4.99 (± 13.09)

(±0.02) r2 0.065
p = 0.175

-10.06 (± 3.41)

-1.96 (± 0.29) r0.608
p = 0.0

776.43 (± 93.14)

0.03

For cavalcade silages n = 30, for pangola silages n = 36
Initial DM corresponds to degree of wilt

11.61 (± 1.11)

0.15 (± 0.05) r =0.206
p = 0.006
0.001 (±0.0) r2 =0.0
p = 0.973
0.06(±0.01) r0.410
p = 0.00003
-0.97 (± 0.35) r2 =0.185
p = 0.009
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Effect of Bale Storage Location
6.3.9.1

Baled Silage

There were no interactive or main effects of location on silage nutritive value or
fermentation quality. The main values for the different locations are given in Table
6.12. For each species all measures were not significantly different for silos stored
outside when compared with silos stored inside except for pangola silage ash content
which were higher for silages in silos stored outside (p = 0.047).
6.3.9.2

Baled Hay

Baled hay stored outside spoiled more than hay stored inside (p <0.01). Other than a
lowering of DDM and ME (both p <0.05) for the pangola hays stored outside, the
nutritive content (as measured in unspoiled material) was generally unaffected by the
storage location (Table 6.13).

6.4
6.4.1

Discussion

Wilting Treatment

The purpose of this experiment was to compare the silage and hay production
processes in the best tropical grass and legume forages locally available. To ensure
each species was harvested at the same growth stage, cutting was delayed until
weather conditions would allow wilting to greater than 85% DM. At the time there
were isolated sudden storms and significant rainfall events occurring and this was a
concern during the harvest stages of the experiment. The delay in waiting for
favourable conditions has probably had more effect on nutritive analyses of silages
than hay because the forage was well past the cropts optimum growth stage.
Consequently allowances need to be made in comparative interpretation and
practical application of results. Also, conditions were not ideal for making hay and
rain caused difficulties in achieving dry plant material for hay production.

6.4.2

Feed Value of Source Material

Both fresh forages maintained their nutritive value as silages and would be valuable
source material for diet formulations. The pangola grass was harvested at 45 d
regrowth. The higher CP (130 g kg 1 DM v 48 83 g kg DM) and ME (9.0 v 7.7 MJ
-

kg'DM) in comparison with values reported in Gohl (1981) and Hartadi et al. (1990)

Table 6.12

Effects of silo storage location on nutritive value and fermentation quality
of wilted cavalcade legume and wilted pangola grass silages
Cavalcade
Pangola
1
2
3
4
Inside (n=16) Outside (n=15)
Inside (n=18) Outside (n18)
FERMENTATION QUALITY
Dry Matter (g kg 1 )

Significance
1v2 3v4

517.9 (27.53)

521.9 (34.50)

551.6 (22.12)

538.1 (26.28)

NS

NS

4.5 (0.04)

4.7 (0.14)

5.0 (0.10)

4.9 (0.10)

NS

NS

Ethanol(gkg 1 DM)

12.1 (3.35)

6.8 (2.10)

62.1 (5.63)

59.4 (6.69)

NS

NS

Acetic acid (gkg'DM)

51.0 (8.91)

40.8 (9.18)

9.6 (2.16)

14.9 (3.48)

NS

NS

Butyric acid (g kg 1 DM)

5.3 (1.30)

4.8 (1.47)

0.2 (0.04)

1.6 (1.08)

NS

NS

Lactic acid (g kg' DM)

79.7 (6.58)

68.8 (7.70)

30.1 (4.73)

35.0 (6.25)

NS

NS

Ammonia Nitrogen (g kg' TN)

40.6 (2.68)

42.7 (5.46)

30.7 (2.66)

35.7 (4.50)

NS

NS

21.0 (0.24)

20.7 (0.31)

20.5 (0.26)

20.4 (0.38)

NS

NS

Dry Matter Digestibility (g kg 1DM)

518.4 (8.15)

513.3 (15.47)

575.1 (9.55)

580.2 (10.39)

NS

NS

Metabolisable Energy (MJ kg1 DM)

7.6 (0.13)

7.5 (0.24)

8.4 (0.15)

8.5 (0.16)

NS

NS

Total Nitrogen (g kg' DM)

24.8 (0.83)

26.8 (1.07)

17.3 (0.72)

17.7 (0.74)

NS

NS

Crude Protein (% DM)

15.5 (0.52)

16.8 (0.67)

10.8 (0.45)

11.0 (0.46)

NS

NS

Ash (gkg'DM)

48.8 (0.75)

46.0 (1.25)

59.9 (1.30)

68.8 (1.38)

NS

15.4 (7.86)
Values are treatment means with the standard error of the mean in brackets
*: significant at P < 0.05
NS : not significant,

2.9 (1.24)

2.8 (0.89)

NS

Silagepll

NUTRITIVE VALUE
Gross Energy (MJkg'DM)

Spoilage(%)

7.9 (2.64)

a

NS

-.3
00

Table 6.13

Effects of storage location on nutritive value of cavalcade legume and pangola grass hays
Cavalcade
1
Inside (n=8)

Pan2ola

2
Outside (n=8)

3
4
Inside (n=6) Outside (n=6)

NUTRITIVE VALUE
IIayDMcontent(gkg'DM)

920.0 (3.0)

930.5 (1.5)

911,2 (9.0)

930.0 (3.8)

GrossEnergy (MJkg'DM)

18.6 (0.4)

18.9 (0.4)

18.3 (0.2)

18.2 (0.1)

Dry Matter Digestibility (g kg'DM) 422.9 ( 9.7)
MetabolisabteEnergy (MJkg 1 DM)
6.1 (0.2)
TotalNitrogen(gkg'DM)
21.0 (1.5)

431.0 (6.4).

502.3 (8.6)

Crude Protein (g kg'DM)

132.3 (8.9)

Fresh Bale Weight: (kg)

9.9 (0.2)

Bale DM content (kg)

9.1 (0.2)

Spoilage (%)

0.0

6.2 (0.2)

7.3 (0.1)

20.2 (0.1)

16.0 (0.5)

16.1 (0.8)

97.0 (0.4)

98.7 (0.6)

11.2 (0.4)

10.2 (0.8)

10.2 (0.4)

8.8 (0.4)

126.5 (0.5)
A

7.1 (0.4)

A

8.2 (0.7)
B

b

470.0 (9.9) g
6.8 (0.2) b

87.6 (8.3)

B

,o

C

a
0
CD

-I

0

45.0 (15.9) C

Values are treatment means with the standard error of the mean in brackets
Treatment means with the same superscripts are significantly different at P <0.05 (lower case)
and P <0.01 (upper case) respectively
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respectively for pangola at a similar stage of growth, probably reflect the fertiliser
provided before harvest. The fresh forage DM (220

-

230 g kg') and ash contents

(6.9 v 7.8%DM) were similar. The CP (204 v 220 g ka'DM) and ME (9.0 v 9.3 MJ
kg1 DM) content of the fresh cavalcade pasture were marginally lower in comparison
to figures reported from Hartadi et al. (1990) and probably reflect the age of the
forage at harvest (125 days). Although both forages had similar DM and GE content
(227 g kg' and 18 MJ kg 1 DM respectively), the higher digestibility for pangola (600
v 550 g kg'DM) probably also reflects the differences in maturity between the
forages.

6.4.3

Effects of Wilting on Nutritive Value

In these trials initial wilting occurred very quickly in the tropical heat.
Approximately 1 .0 h after cutting, the lacerated Cavalcade had wilted from 233 to
372 g kg'DM, and the whole plant pangola had wilted from 221 to 437 g kg'DM.
The rate of wilt was less for subsequent wilt groups. As indicated in the results
(sections 6.3.2, 6.3.4, 6.3.6, and 6.3.7) the changes to forage nutritive value were
greatest during the first period of wilt. For example, this study indicates a rapid
reduction in N content from pasture to wilted herbage, but little further N loss in
subsequent wilt groups. The effects of wilting on silage formation, which are
generally discussed in section 2.3.3., are broadly supported by these results. For
example ammonia-N content was greatest in silages made from low DM herbage,
and pH values were higher, total organic acid production reduced, and fermentation
losses lower in silages made from higher DM material. Mickan's (1995) opinion that
400

-

550 g kg 1 is a good range of herbage DM content for making silage under

Australian conditions is supported in this study. Silages in this range, for both
cavalcade legume and pangola grass, had low spoilages, relatively low fermentation
losses, low ammonia-N contents, as well as DDM values very similar to the original
pasture. Higher DM silages had increased N loss and lower measures of DDM, lower
DM silages had higher spoilage, and higher ammonia-N contents.
There are two implications for forage conservation in tropical areas. The rapid wilt
to greater than 400 g kgDM is an advantage. The concept of making silage during
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the wet season is supported because the process can be done the same day, and the
chances of making good quality silage are high. The rapid loss of nitrogen during the
rapid wilt, but maintenance of all other nutritional parameters in the silage produced
imply that a nitrogen rich additive to wilted material prior to ensuing would restore
the nutritive level of the feed to a level similar to the original pasture.

6.4.4

Qua/ui' of Si/ages

The silages made from these pastures were very different. irrespective of wilting
treatment, the cavalcade silages were all of very good quality. They were
characterised by low pH, low ammonia-N, lactic acid dominant fermentations,
although very low levels of butyric acid were also recorded. Fermentation was more
extensive in lower DM content silages but the fermentation quality, as indicated by
the ammonia-N content (Kaiser et al. 1994), improved as the forage DM content
increased. The low ammonia-N production of silages made from low DM forage
continued to reduce as the forage DM increased, as shown by the negative
correlation (r2

=

0.46) in Table 6.11. As predicted by Kaiser (1984), wilting appears

to have been a major management factor ensuring a successful silage process from
tropical herbage.
Three of the five experimental silage groups showed apparent higher DM contents
(kg bale) after seven months storage, but only the higher DM cavalcade was
statistically significant (Table 6.1). This was a very marginal result with p0.049.
Several factors may have contributed to these results:
There may have been simple experimental error. The sample size was only 16
(cavalcade) or 12 (pangola), and the DM ranges at sampling were quite large. For
each group the collection of samples took place over at least an hour. Samples were
taken from the windrow immediately in front of the baler, but by the time the 16th or
12th sample was collected the difference in degree of wilt from the first sample was
quite large. This is indicated statistically by the large standard error of the means.
The silage DM contents after 7 months storage were adjusted upwards to account
for the DM content of the volatile material in the fermentation products. This was
done by using the relationship derived by Kaiser et al. (1995) for estimation of silage
true DM from oven dried DM determinations. This equation was determined from
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13 temperate forages which were ensued over a DM range of 150-450 g kg 1 DM and
may simply be wrong when applied to tropical silages. However, it is more likely
that applying this regression to silages with DM contents above 450 g kg'DM was
not fully appropriate, and this error is reflected in the result recorded for the high
DM cavalcade silage treatment group.

6.4.4.1

Cavalcade Si/ages

Wilting was not the only factor favouring good silage production that was witnessed
by low pH, low ammonia-N, lactic acid dominant silages in 31 silages over a DM
range of 272 667 g kg 1 . No doubt the plastic film wrapper was also important in
-

creating anaerobic conditions in the bale, and lacerating the plant material before it
was wilted and ensued is likely to have enhanced the fermentation process. The use
of a slasher to harvest the cavalcade was done because in previous trials it was
discovered that Centrosema sp, harvested with a disc mower and windrowed, formed
long (>15 m) ropes of plant matter which continually jammed the intake of the small
baler. Slashing the crop made wilting quicker and bale formation easier. The
intention was to cut, wilt and bale both silage and hay within one day, but this was
not possible because during the second wilt period a nearby rain squall (3 mm),
moistened the remaining windrows. The delay probably contributed to greater
nutrient loss in the higher DM silage and hay compared to the pasture. Slashing and
baling lacerated pasture released cell sap for quick access by fermentation bacteria.
This is evidenced by lactic acid being the dominant fermentation product at all wilt
levels.
The higher DM contents (g kg) of the silage after 7 months storage is probably a
consequence of the bales losing weight (fresh weight basis) over the same period.
The reduction in bale weights is due to loss of volatile material and water.

6.4.4.2

Pan go/a Si/ages

The pangola silages were also all well preserved, but significant amounts of ethanol
dominated the fermentation products. In all other respects the silage quality was very
similar to and displayed the same trends as the cavalcade silages. For example,
although the pH was higher for pangola compared to cavalcade silages (5.0 v 4.5),
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other measures indicated the grass to have formed excellent silage, such as high
concentration of lactic acid compared with acetate, and less ammonia-N than
cavalcade silages. As for cavalcade silages, fermentation was more extensive in
lower DM content silages and the fermentation quality improved as the DM content
increased. This fermentation pattern was consistent over 36 bales of silage
representing a DM range of 269 785 g kg'.
-

The pangola silage bales, like the cavalcade silage bales, also lost weight,
presumably due to loss of volatile material and water.

6.4.4.3

Effects of Herhage Laceration

The laceration of the cavalcade prior to baling, compared with the pangola which
was ensiled as whole plant matter, may have had several effects.
• The fall in ammonia-N production with increasing DM content was significant
for cavalcade silages but not pangola. The lacerated herbage could have
initially encouraged clostridial activity, but associated rapid growth of lactic
acid bacteria could have quickly restricted further clostridial activity,
particularly at low DM levels.
• The wrapping process was the same for both species and produced good
quality fermentations in which spoilage was very low, indicating the formation
of excellent anaerobic conditions in the silos. However spoilage was higher in
the lacerated cavalcade silages. This may have been because the lacerated
cavalcade could have begun to spoil more than the pangola in the short
interval between harvest and bale formation.
• The pangola was ensued as whole plant matter and this may have had an effect
on the fermentation pathway. The cell contents would not have been as
readily accessible by fermentation organisms as with the lacerated cavalcade,
thus lactic acid formation may not have been as vigorous. Nevertheless the
accumulation of fermentation acids would have been enough to activate
pyruvate decarboxylase and allow ethanol production from glycolysis
(McDonald et al. 1991). Cellular breakdown is likely to have occurred because
the digestibility of the silage was greater than the digestibility of the wilted
grass immediately before it was placed in the silos (Table 6.5). As
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fermentation proceeded, the production of the ethanol is likely to have reduced
the amount of substrate available and contributed to reducing lactic acid
production. The pH of the pangola silages was higher than the cavalcade
silages which supports this argument.

Without further research the ethanol content of the pangola silages is not fully
explainable. It is very likely to be from heterofernientative activity as suggested in
Woolford (1984), and McDonald et al. (199 1 ) but whether it is due to a specific type
of bacterium, or to the type of substrate available is speculation at this stage. The
ethanol could have been the result of yeast activity in the warm conditions under
which the silages were made. In any event, the fermentation pathways appear to be
similar for all pangola silages and for all wilt treatments.
6.4.5

Quality of Hay

Although better than the nutritive values of tropical hays reported by Dogra et al.
(1996), the hays produced were low quality feed. The cavalcade hay was
characterised by low digestibility, low energy content and a drop in protein levels
compared with the original pasture. Very similar values for cavalcade hay were
recorded by Hartadi et al. (1990). Similarly, pangola hay was also much lower
quality feed than the pasture grass, with similar reductions in nutritive values as
shown by the cavalcade. In comparison, Gohl (1981) and Hartadi et al. (1990)
recorded lower values of CP (48 58 v 98 g kg 1 DM), but similar ME (7.3 v 7.1 MJ
-

kg 1 DM), and ash content (6.9 v 6.7% DM) for pangola hays. In this study the DM
content of pangola at baling was low (79%) in comparison to more commonly
accepted hay DM contents of greater than 85%. This was a consequence of making
hay in the late wet season, in this case baling and lifting had to be done in the late
afternoon due to the risk of overnight rainfall. This is a disadvantage of making bales
of hay in preference to bales of silage during the wet season.
The significant reduction in hay bale weights for both species is probably a direct
result of loss of volatile material and water during storage throughout the hot and
rain free dry season.
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Nutritive losses due to hay storage in protected locations were generally low, and
both species stored equally well. The hay DM contents increased as the material
further dried out during the dry season and this is reflected in maintenance of
nitrogen levels and reduction in digestibility and ME. Although the hays were
covered by a tarpaulin in both storage locations2, there were severe losses in hays
stored outside. The wet season had not been completed and water accumulated on
the plastic ground sheet causing the hay to become wet on the bottom and rapidly
decompose in the hot, humid tropical conditions.

6.4.6

Si/age v Hay

The nutritive values of the silages were higher in almost all respects than the hays
made from the same pasture species. This supports Moran's (1994) general
conclusion that a crop harvested at the same time but half made into silage and half
made into hay, "there would be a small advantage with silage". A similar result was
reported by Kaiser (1994) who found that cattle performance was better on silage
rather than hay, possibly because the ME and CP of the silages (9.7 MJ kg 1DM, and
149 g kgDM) were higher than the same forage conserved as hay (8.6 MJ kgDM,
and 82 g kg 1 DM). This was probably the most important result from this experiment
because tropical pastures are generally lower in feed value than temperate pastures
and silage production reduces nutritive losses compared to hay. Elnasr et al. (1997)
arrived at a similar conclusion. They found that sheep fed Saitbush or Acacia based
diets had greater DM intake when the feed was presented as silage rather than either
fresh or air dried forage. Another advantage with silage production is that forages
can be harvested at their peak nutritive value and that weather conditions are less of
a problem than with hay making. The data presented here confirm that the silages
were a much better management option than hay production even though the
situations with the grass and the legume were very different. Neither the silages nor
the hays could be used as a sole feed, but greater amounts of supplement would be
necessary if the hay was to be used alone.

2

On two occasions tarpaulins were used to cover the hays from impending severe storms.
This
did not prevent water accumulating on the plastic sheet covering the ground in the storage
area. On
each occasion the tarpaulins were removed the next day.
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Hay is usually produced from crops of mature stage of growth, and the determination
of cavalcade hay nutritive values reported here are probably representative. Better
quality cavalcade hay would be difficult to produce. On the other hand it is likely
feed quality of the cavalcade silage could be improved because the silage was
produced from a more mature forage than desirable. Normally the forage would be
cut at a younger stage of growth when nutrientt values were higher. It is unlikely the
nutritive quality of the pangola hay could be greatly improved from these results.
The hay was made from a 45 day regrowth crop which was well watered and
fertilised prior to harvest. A better fertiliser regime may marginally improve the
nutritive value, but this would be at an increased cost and uncertain benefit. For
example, Molnar and Gyori (1996) used a low N application rate (90 kg ha') to a
maize crop, and although this increased the CP content of the silage produced, they
were unable to demonstrate an expected increase in DM (kg) of the harvest. Better
management at harvest such as better wilt to 85% DM and minimum windrow
turning is likely to marginally improve the final product. Generally, however, the hay
is as good as it can be, and as such represents good use of a local resource. In
contrast the nutritive value of the pangola silage may be improved even though it is
already of higher feed quality than the comparable hay and has been harvested at a
favourable crop growth stage (the same 45 day regrowth crop as the hay). This was
early enough in the growth cycle to expect a high nutrient level in the pasture,
although the optimum stage of crop growth of the pasture for silage formation has
not been determined. Chopping the forage, or providing additives prior to making
the silage may have a positive effect.

6.4.7

Storage Location

There was no evidence that the storage location adversely affected the quality of the
silage produced, or produced any difference in nutritive value maintenance during
storage. This is an advantage for using silage over hay in the tropics because, whilst
precautions need to be taken to stop vermin attack or puncture of the plastic film, the
baled silages can be safely stored in locations likely to receive rainfall. This implies
it is feasible to make silage during the wet season (when suitable weather allows)
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when the crop is at a high stage of nutrition and a regrowth is still likely for a later,
second harvest.

6.4.8

Bale Bulk I)ensitv

Kaiser et al. (1993) suggested that satisfactory silage from baled forage is likely if
the bale density is high. A higher bale density is likely to be associated with greater
oxygen exclusion and greater release of plant juices. The combined effect would be
a shorter aerobic phase, quicker lactic acid production, and a rapid reduction in pH.
In practice the situation appears less straight forward because of the effects of the
herbage moisture content.

In this study there was no compelling evidence that the bale bulk density had any
direct effect on the quality of silage produced. Silages from lower DM forages had
higher ammonia-N and higher lactic acid contents, and these forages also produced
bales of higher bulk density. This is understandable because water content would
contribute to most of the extra weight of the higher density I low DM content
forages. However the amount DM weight of bales (kg bale- ') for each pasture species
was approximately the same irrespective of the initial DM content of the forage
when it was baled (p >0.1). This is likely to be because the baler, being operated at a
constant baling pressure, responded to physical bale size rather than bale weight and
the same amount of material was baled irrespective of the water content. Since some
bales contained more water, they were heavier and therefore had higher bulk density.
Beaulieu et al. (1993) related bale density, as kgDM bale, to bale DM content (kg)
and ammonia-N production in big bales of timothy-fescue. They increased baling
pressure as the windrows dried out. Their results showed that use of higher baling
pressure did not increase the amount of DM per bale at higher DM contents, but did
at lower DM contents, and that lower density bales had higher ammonia-N contents.
Their results are not inconsistent with results from this study because their method
of measuring density did not take into account the herbage moisture. When their
results are adjusted to include the bale moisture content it is clear the higher bulk
density bales (lower DM content) also produced the highest concentrations of
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ammonia-N. This is likely to be a moisture effect rather than a density effect. The
same is true of an investigation by Xiccato et al. (1994) who concluded that poor
compaction of maize in trial silos was responsible for the higher ammonia-N
contents in comparison to the same forage conserved in a bunker silo. The
conclusion may be debated because i) the herbage density in the bunker silo was not
measured, and ii) the DM content of the bunker silage was lower DM content than
all of the trial silos.

This study is in agreement with Beaulieu et al. (1993) and Xiccato et al. (1994) in
that the ammonia-N production is more likely to be a consequence of moisture
content rather than bale density. The regression for bale bulk density v ammonia-N
content for both species were significant (p <0.01) but the standard errors for the
intercepts (more than three times the calculated values), and the slope
(approximately 30% calculated values) indicated only a weak correlation. The
ammonia is a product of proteolysis, either by plant enzyme activity during the
aerobic phase or clostridial activity during fennentation. The degree of compaction
(ie high bulk density) may have some effect in the early stage of silage formation by
excluding oxygen, but is unlikely to have any further effect unless the pressure is
high enough to rupture plant cells and release cell contents. Cell rupture is very
unlikely under the low bulk densities recorded in this experiment.
There was a strong correlation, however, between bale bulk density and lactic acid
content for the pangola silages (p <0.0001, r2 = 0.41), but the standard errors were
also high. This is likely to be a reflection of the relationship that the higher bulk
densities were also the bales with lower DM forages.

It is well established that moisture level has a direct effect of silage fermentations
(Fenlon et al. 1989; Nicholson et al. 1991; and Beaulieu et al. 1993) and this
generalisation is reinforced from this study. For example, the strongest general
correlation was between forage initial DM content and ammonia-N production: low
DM silages produced the greatest amounts of ammonia-N. (cavalcade, r2 = 0.46, and
pangola, r2

=

0.18). Chemical reactions during the aerobic phase from cutting to
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baling, and early anaerobic stages of fermentation after silo formation would be
more vigorous in more moist environments, and even further accentuated with the
ready access of fenrientation bacteria to substrate from the lacerated Cavalcade
pasture (see 6.4.3.3).

6.5

Conclusions

• Small round bales wrapped in plastic film were very effective silos for use in a
tropical area.

-

• This experiment demonstrates that good quality silage can be made from
tropical pastures (wilted cavalcade legume and wilted pangola grass) ensiled in
small round bales wrapped in plastic film
• In this study ethanol and lactic acid were the dominant fermentation products
of ensiled unchopped, wilted pangola grass. Ammonia-N production was low
(<50 g kg 1 total N).

• Slashed and wilted cavalcade legume silages produced a lactic acid dominated
fermentation, with low ammonia-N production (< 60 gkg 1 total N).
• The nutritive value of wilted cavalcade legume and wilted pangola grass
silages were higher than those of hays made from the same crop and stored for
the same length of time (7 months).
• Using a constant baling pressure and a fixed chamber baler for bale formation,
bales of higher bulk density contained herbage of lower DM content. The bales
with lower DM content had higher total amounts of fermentation products.
• A relationship between bale bulk density and ammonia-N production was not
established.
• The nutritive value or fermentation quality of the silages produced was not
affected by storing the silos either in a protected (inside) or unprotected
(outside) location.

Forage Conservation in the Wet / Dry Tropics
for Small Landholder Farmers

Chapter 7

SLJMMATIVE DISCUSSION
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Chapter 7

SUMMATIVE DISCUSSION
7.1

Wet Season Rainfall

The high rainfall in the wet/dry tropics does not occur as evenly spaced, steady

rain,

but rather falls as storms of varying, but relatively high intensity, separated
varying periods of dry weather. For example using records spanning 30 years

by

and

from 600 recording centres scattered around the Northern Territory Top End,
Chapman (1996) shows that rainfall intensity of approximately 100 mm/h lasting
for
10 min can be expected every year, and intensity between 50-99 mm/h can

be

expected at least 6 times per year. Further, Tupper et al. (1996) reported
that
substantial wet season rainfall generally occurred in 3-4 day bursts. It
is between
these periods of intense rain that the opportunity for making silage is possibl
e,
particularly in the small amounts appropriate for the small landholder farmer
.
Making hay is not an option because it is difficult to quickly dry the plant matter

to

the high DM content necessary.

7.2

Nutritive Value of Tropical Herbage used in this Investigation

An overview of herbages used (Appendix 5) shows that the silages and hays
generally did not come from plant matter at its optimum nutritive level, and that

the

nutritive levels of this selection of tropical herbage is generally low in comparison
temperate pasture species. At its best (10 week old cavalcade and 6 week

to

old

pangola), the forage is adequate to support a reasonable level of rumina
nt
production, but in other cases feed supplements would also be needed.
The direct comparisons of feed value of forages used in this study are not strictly
valid because of differing forage histories, but were nonetheless observed betwee

n

species. The forages used in this work reflect the actual situation because small
landholder farmers will use whatever forage is available, and if they have improv

ed

pasture available, it may not be possible to harvest it at the optimum nutrient level
because of the intermittent rainfall.
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Silage Quality
Nutritive Value

This investigation shows that reasonable quality silage can be produced from
tropical legumes and grasses. The best herbage, when wilted, produced the silages
with least reduction in nutritive value (see Appendix 5.5). For example, there was no
significant difference in DDM, ME, and CP contents in silages made from 10 week
old cavalcade legume (Table 4.1) compared to the original wilted pasture. Silages
made from the more mature material (Table 6.2) generally maintained the DDM
levels but had reduced levels of ME (5-11%) and CP (2 1%) compared to the source
material. The other legume, calopo, exhibited a 14% reduction in CP content (Table
5.1) which was similar to losses recorded for the mature cavalcade.

The trend described above was repeated with the pangola grass. Apart from a
general 14-18% reduction in CP content, the 6 week old pangola (Table 6.3)
maintained DDM and ME values for the lower DM wilt group, but had reductions of
7% in DDM and 10% in ME in the higher DM wilt group, possibly as a consequence
of the longer wilt period. Pangola silage made from more mature wilted forage had
similar reductions in DDM and ME levels, but a CP reduction was only 10%. At
harvest, this more mature forage had less CP content than the 6 week old pangola
(106 g kg 1 DM v 130 g kg' DM respectively). When comparing the original forage
with the silage that was produced, the elephant grass had a lower reduction in CP
content than the pangola (6% v 10-18%), but the pangola silages provided more CP
as fed because the original forage was higher in initial CP content than the elephant
grass (100-130 v 47 g kg 1 DM respectively).

The losses of nutritive value between parent forage and silage are usually either
mechanical, biochemical, or leaching (McDonald et al. 1991). The extent of
biochemical loss not known but likely to be small because of the rapid and severe
wilt. Some leaching loss is probable for the high DM cavalcade because of the 3 mm
rainfall on the windrow, but in the Chapter 6 experimentation the major likely cause
is mechanical loss during baling. This is evident in the tabulated losses (Appendix
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5.6) which show the high DM silages having greater losses, and the slashed
cavalcade having higher losses (ME and CP) than the whole plant pangola.

7.3.2

Fermentation Quality

Baled cavalcade legume silages had lower fermentation losses than baled pangola
grass silages (1.6% v 3.3%). This investigation supports the observation that the
probability of achieving a good quality fermentation can be enhanced by the simple
management practices of harvesting when the forage is not too mature and wilting
the herbage prior to ensiling. The poorest fermentations in this study occurred with
the poorest source material. For example, the very mature, wilted, but unchopped
calopo legume and the low DM, high stem content elephant grass, both had acetic
acid dominated fermentations. The better quality forage, such as the wilted
cavalcade and wilted pangola, both had good quality fermentations in which
ammonia-N concentrations were low (<50 g kg 1 total N), lactic acid concentrations
typically more than twice the acetic acid concentrations, and butyric acid levels very
low (typically less than 5.0 g kg 1 DM).

7.4

Effectiveness of the Silo

7.4.1

Spoilage

Using low spoilage of silage as an indicator that anaerobic conditions have been
achieved and maintained then the plastic drums used in this study were the best
silos. There was virtually zero spoilage after wilted, mature and unchopped calopo,
legume and low DM, mature, chopped elephant grass had been ensiled for three
months.
The plastic film used for the silage bales was also very effective. Pangola grass bales
ensiled over a DM range of 269-785 g kg1 DM consistently had less than 4%
spoilage. Bales of cavalcade legume silage had more spoilage in the lower DM
treatment group (range 272-491 g kgDM) in comparison to silages made from
higher DM material (range 469-667 g kgDM), 15% v 8% respectively.
The steel drums were not as effective as plastic film. High DM silages made in steel
drums had 13.5% spoilage as compared to 8% for similar DM silages wrapped in
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plastic film. The steel drums were corroded by the silage acids. This limited their
use as a silo to approximately three years.

7.4.1

(on1ributEon of the Cost of the Silo to Si/age Production

Small bales wrapped in plastic film were the most cost effective means of making

silage during this investigation. The detailed cost determinations are included in
Appendix 5, and are summarised in Table 7.1.

Table 7.1

Summary of contribution of silo costs to
silage production costs ($ kgDM)

Silo
200L
Steel Drums

Cost ($)

Forage Cost*
($ kg'DM)

Silo DM content
(kg)

10.00 cavalcade

23.2

(Table 4.1)

pangola

(0.14)

16.3
(Table 4.1)

120 L

8.30

calopo
(Table 5.1)

elephant grass

0.60

cavalcade

0.86
(0.29)

9.3

(Table 5.1)

Plastic Film

0.61
(0.20)

9.7

Plastic Drums

0.43

0.89
(0.30)

10.2

0.12

11.6

0.10

(Table 6.8)

pangola
(Table 6.9)

*

If the drum silos were reused annually for three years then the cost
of ensiled feed would reduce to the figure shown in brackets.

7.5

Silo Storage

Anaerobic conditions in drum silos are more readily achieved if the drums are stored
upside down (Chapter 4.1).
In Chapter 6 it was shown that the storage location of baled silage did not
significantly affect either the quality of silage produced or the maintenance of
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nutritive level during storage. This implies that small landholder farmers can safely
store baled or drum silage in a wide variety of locations. For baled silage care must
be taken to prevent puncture of the plastic film, and as long as baled and drum
silages are not subjected to waterlogging, incident rainfall will not be a significant
factor causing silage deterioration.

7.6

Implications for the Small Landholder Farmer

7.6.1

Managing the Si/age Making Process

This investigation demonstrates that it is feasible to make small units of good quality
silage in the wet season from tropical herbage. Best management practices are as
follows.
• Select an appropriate silo. If a drum is used, the probability of success can be
dramatically improved if the drum is stored upside down.
• Ensure the material is wilted before ensuing. The range 400-550 g kg 1 DM
appears to be optimum, but material of higher DM will still produce good
quality silage.
• Select an appropriately small amount of herbage to process so that the entire
operation (harvest I wilt / ensile / store) can be done in one day.
• When weather permits, harvest the herbage when it is approximately 10 weeks
old. This is to maximise the nutritive level of the silage and to promote
regrowth.

7.6.2

Advantages of Making Si/age during the Wet Season

These have been detailed in Chapter 2, but some advantages which are particularly
important to small landholder farmers include the following.
• Efficient use can be made of local herbage resources. For example, the calopo
described in Chapter 5 is not normally preferred by animals grazing in the wet
season and although of reasonable nutritive level, is not usually planted as an
improved pasture. It is a free feed resource which could provide a cheap
conserved forage for use during the dry season.
The Calopo silage described in Chapter 5 was offered to Bali cows (Bosjavanicus),
and local goats. Both groups readily accepted the silage as a feed, but rejected the Calopo
when it was offered as fresh cut forage.
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• Early harvesting of forage which promotes regrowth allows for more efficient
use of wet season herbage. The regrowth can be grazed, or conserved as silage
or hay.
• The silage is better feed value than hay made from the same material, so it is
likely to improve production and maintain animal health better than hay during
the following dry season.
• The silage can be more safely stored in a wider variety of locations during wet
weather than hay.
• Small bales of silage are portable. They are also a commercial commodity
which can be sold.
• Dry season feed costs can be substantially reduced whilst maintaining
ruminant production, particularly in an integrated forage conservation
program.

7.7
7. 7.1

Future Directions
Research Directions

The ongoing challenge in tropical and sub-tropical areas, as summarised by Joimson
(1997), is to procure cost effective but high quality forage. Although his comments
were directed at the dairy industry, they are equally true for tropical ruminant
production in general.

A greater range of tropical grasses and legumes need to be ensiled and analysed for
nutrient value and fermentation quality. The cavalcade legume and pangola grass
used in this study is regarded as good quality tropical pasture, yet the nutritive value
of silage and hay produced is low compared to feeds from temperate areas. This
finding supports a general conclusion from Moss et al. (1984) that the use of tropical
silages for animal production would be limited by their low ME values
(approximately 7.5 Mi kgDM). A reasonable direction for further research would
be to investigate how to improve the nutritive value of silages made from tropical
forages, perhaps by using a variety of locally available additives, or by using tropical
herbages selected for increased digestibility (eg, Ralph 1993). Brown (1988) showed
that adding ammonia improved the feed value of tropical grass hay. His finding,
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combined with finding by Ishida and Abu Hassan (see p 20) may indicate a role for
urea addition and/or ammoniation with conserved tropical forages in general.

Another direction, leading on directly from this research, would be to investigate
why the pangola grass had such a significant amount of ethanol as a fermentation
product. In particular wilted forage, chopped prior to ensuing, may reduce the
ethanol content by making more substrate readily available and stimulating lactic
acid production.

7.7.2

Co-operalives and Suh-('oniractors

Wet season conservation of tropical forage by making small bales of silage appears
to have promise for the small landholder farmer. The capital cost of the baling and
wrapping machinery would be beyond the means of most individual farmers, but the
application of this technology results in very cheap, reasonable quality conserved
forage made from local resources. The small scale nature of the machinery means it
is very portable and can be operated in remote areas, and in land units that would
pose difficulties for larger machinery; eg hilly areas, or farm land very small in area.
It is not unrealistic to propose that a cooperative of small landholder farmers own
and operate a unit, or a contractor could develop and implement a small contracting
enterprise by which small landholder farmers could have bales of silage made on
site. Making 20-30 bales per day for an individual farmer is very achievable. If the
volume of herbage is available, 100 bales can be comfortably processed in a single
day. The farmer could either be paid for forage harvested in the same way as income
is gained for a cash crop, or pay a set cost per bale for feed they wish to use for their
own animals later in the dry season. Either way it is possible to improve the
efficiency of use of the abundant wet season herbage, and provide locally produced,
low cost feed which should improve ruminant nutrition in the dry season.

Forage Conservation in the Wet / Dry Tropics
for Small Landholder Farmers

BIBLIOGRAPHY

Tropical Fodder Conservation

97

BIBLIOGRAPHY

Aguilera, G.R. 1975. Dynamics of the fermentation of tropical grass silage.
1. Elephant grass (Pennisetum purpureum) without additives. Cuban
Journal ofAgricultural Science, 9, 227-234.
Anderson, R. 1985. Effect of prolonged wilting in poor conditions on the
fermentation quality, metabolisability and net energy value of silage given to
sheep. Animal Feed Science and Technology, 12, 109-1 18.
Anderson, J. and Poole, M. 1994. Thesis and Assignment Writing (2nd ed.). John
Wiley and Sons, Brisbane
Australian Bureau of Statistics. 1996. Northern Territory in Focus, ABS Catalogue
1306.7
Beaulieu, R., Seoane, J.R., Savoie, P., Tremblay, G.F. and Theriault, R. 1993.
Effects of dry matter content on the nutritive value of individually wrapped
round-bale timothy silage fed to sheep. Canadian Journal of Animal Science,
73, 343-354.
Blair, G.J., Orchard, P.W. and McCaskill, M. 1985. Soil and climatic constrants to
forage production. In ACIAR Proceedings 12, 29-3 5.
Brown, W.F. 1988. Maturity and ammoniation effects on the feeding value of
tropical grass hay. Journal ofAnimal Science, 66, 2224-2232.
Catchpoole, V.R. and Henzell, E.F. 1971. Silage and silage making from tropical
herbage species. Herbage Abstracts, 41, 213-221.
Chapman, A.L. 1996. Rainfall intensity in the semi-arid tropics. In J.D. Sturtz, and
A.L. Chapman, (eds). Conservation Farming for the Semi-arid Tropics, 3-7,
Northern Territory Zone, Australian Institute of Agricultural Science,
Berrimah, NT, Australia.
Charmley, E. and Thomas, C. 1987. Wilting of herbage prior to ensuing: Effects on
conservation losses, silage fermentation and growth of beef cattle. Animal
Production, 45, 19 1-203.

Tropical Fodder Conservation

98

Charmley, E., Winter, K.A., McRae, K.B. and Fillmore, S.A.E. 1996. Effect of
inoculation on silage quality and performance of steers fed grass and cereal
silages either alone or in combination. Canadian Journal ofAnimal Science,
76 (4), 57 1-577.
Darby, D .E. and Jofriet, J .C. 1993. Density of silage in horizontal silos. Canadian
Agricultural Engineering, 35 (4), 275-280.
Dogra, K.K., Katoch, B.S. and Marwaha, C.L. 1996. Comparative nutritive value of
hays from the humid sub-tropical and wet temperate grasslands of Himachal
Pradesh for crossbred calves. Indian Journal ofAnimal Sciences, 66 (10),
1052-1054.
DPIF, 1996. Plant Analysis Methods Manual. Department of Primaiy Industry and
Fisheries: Northern Temtoiy, Chemistry Department, Berrimah.
Elnasr, H.M.A., Kandil, H.M., Elkerdawy, A., Dawlat., Khamis, H.S. and Elshaer,
H.M. 1997. Value of processed Saitbush and Acacia shrubs as sheep fodders
under the arid conditions of Egypt. Small Ruminant Research, 24 (1), 15-20.
Encyclopedia of World Geography, Vol 21: South East Asia 1994. Marshall
Cavendish, NY-Toronto-Sydney.
Fenlon, D.R., Wilson, J. and Weddell, J.R. 1989. The relationship between spoilage
and Listeria monocyto genes contamination in bagged and wrapped big bale
silage. Grass and Forage Science, 44, 97-100.
Ffoulkes, D.F. 1992. Strategies for improving the nutrition of ruminant livestock
kept by smaliholders in S.E.Asia. Northern Territory Department of Primary
Industry and Fisheries, Agnote N° 545.
Flinn, P. 1994. Testing guards against low quality. In M.Casey (ed), Cut and Dried:
The Complete Guide to Hay and Silage Management, 20-22, Kondinin
Group, Wagga Wagga.
Fogarty, P.J., Lynch, B. and Wood, B. 1994. Land Resources of the Elizabeth,
Darwin, and Blackmore Rivers. Land Conservation Unit; Conservation
Commission of the Northern Territory. Technical Report 15, p 48.
Fraser, K. 1994. Estimating your own contract rates. In M. Casey (ed.), Cut and
Dried: The Complete Guide to Hay and Silage Management, 246-24 8,
Kondinin Group, Wagga Wagga.

Tropical Fodder Conservation

99

Fussell, R.J. and McCalley, D.V. 1987. Determination of volatile fatty acids (C2-05)
and lactic acid in silage by Gas Chromatography. Analyst, 112, 1213-1216.
Givens, DI., Moss, A.R.and Adamson, A.H. 1993. Prediction of the digestibility and
energy value of grass silage conserved in big bales. Animal Feed Science
Technology, 41(4), 297-3 12.
Gohi, B. 1981. Tropical Feeds: feed information summaries and nutritive values.
Food and Agriculture Organization of the United Nations, Rome.
Haigh, P.M. 1995. Chemical composition and energy value of big bale silages made
in England, 1984-199 1. Journal ofAgricultural Engineering Research, 60
(3), 211-216.
Haigh, P. M., Chapple, D.G., and Powell, T.L. 1996. Effect of silage additives on
big bale grass silages. Grass and Forage Science, 51(3), 3 18-323.
Harris, J. 1984. In L. Wishart-Smith (ed.). Si/age Management in Queensland.
Queensland Department of Pnmary Industries Information Series, QI 83028,
Brisbane.
Harrison, J.H., Blauwiekel, R. and Stokes, M.R. 1994. Fermentation and utilisation
of grass silage (Review). Journal of Dairy Science, 77 (10), 3209-3235.
Hartadi, H., Reksohadiprodjo, S. and Tillman, A.D. 1990. Tabel Komposisi Pakan
Untuk Indonesia. (2nd ed.). Gadjah Math University Press, Yogyakarta.
Havilah, E.J., Colless, J.M. and Kaiser, A.G. 1992. Maize silage: Looking back and
planning ahead. Proceedings of the 6th Australian Agronomy Conference,
Armidale, February 10-14, 247-250.
Irwin, C. and Kellaway, R. 1993. CamBeef Formulation for Feedlots and Grazing
Supplementation User Manual. The University of Sydney Press, Sydney.
-

Ishida, M. and Abu Hassan, 0. 1997. Utilization of Oil Palm frond as cattle feed.
Japan Agricultural Research Quarterly, 31, 41-47.
Ivory, D.A. and Siregar, M.E. 1984. Forage Research in Indonesia: Past and
Present. In Asian Pastures; Recent Advances in Pasture Research and
Development in Southeast Asia. Food and Fertiliser Technology Centre for
the Asian and Pacific Region, Taiwan.

Tropical Fodder Conservation

100

Johnson, P. 1997. Use of tropical and subtropical forages in dairy cattle rations.
Compendium on Continuing Education for the Practicing Veterinarian. 19
(2) Supplement S), 74ff
Jones, I.H. and Haywood, M.V. 1975. Journal of Science Food and Agriculture,26,
711-718.
Jonsson, A., Lindberg, H., Sundas, S., Lingvall, P. and Lindgren, S. 1990. Effects of
additives on the quality of big bale silage. Animal Feed Science Technology,
31,139-155.
Kaiser, A.G. 1984. The influence of silage fermentation on animal production. In T.J
Kempton, A.G. Kaiser, and T.E. Trigg (eds) Si/age in the 80s: Proceedings
oja National Workshop, Armidale, August 8-9, 106-135.
Kaiser, A.G. 1994. Growing role for silage in farm production. In M. Casey (ed.)
Cut and Dried: The Complete Guide to Hay and Si/age Management,
128-132, Kondinin Group, Wagga Wagga.
Kaiser, A.G., Havilah, E.J., Chopping, G.D. and Walker, R.G. 1993. Northern dairy
feedbase 2001. 4. Feeding systems during winter and spring. Tropical
Grasslands, 27, 180-211.
Kaiser, A., Moran, J. and Rogers, G. 1990. Fodder Conservation. Conservation to
improve the conversion of fodder to milk. In B. Bartsh, and W. Mason (eds)
Feedhase 2000, CSIRO I Dairy Research and Development Corporation, East
Melbourne, pp 70-80.
Kaiser, A.G., Mailer, R. J. and Vonarx, M.M. 1995. A comparison of Karl Fischer
titration with alternative methods for the analysis of dry matter content.
.fournal of the Science of Food and Agriculture, 69 (1), 51-59.
Kaiser, A.G., Blackwood, I. Griffiths, N. 1996. Silage Making. In I. Blackwood
(ed., 2nd ed..) Si/age Jor Beef Feeding and Finishing Jbr Profit, 4-13, NSW
Agriculture, Maitland.
Kass, M.L. and Rodriguez, G. 1987. Preliminary studies on silage making from
Gliricia sepium (madero negro). In D. Withington, N. Glover, and J.L.
Brewbaker (eds), Gliricidia sepium iacq.) Wa/p: Management and
Improvement, 201-204. Nitrogen Fixing Feed Association, Waimanalo,
Hawaii.

Tropical Fodder Conservation

101

Keady, T.W.J. 1996. A review of the effects of molasses treatment on unwilted grass
at ensuing on silage fermentation, digestibility, and intake, and on animal
performance [Review]. Irish Journal ofAgriculture and Food Research,
35 (2), 14 1-150.
Keady, T.W.J. and Steen, R.W.J. 1996. Effects of applying a bacterial inoculant to
silage immediately before feeding on silage intake, digestibility,
degradability and rumen volatile fatty acid concentrations in growing beef
cattle. Grass and forage Science, 51(2), 155-162.
Laforest, J.P., Seoane, J.R., Dupuis, G., Phillip, L. and Flipot, P. M. 1986.
Estimation of the nutritive value of silages. Canadian Journal ofAnimal
Science, 66, 117-127.
Lebzien, P. and Gadeken, D. 1996. Experiments on the influence of dry matter of
grass silages on protein degradability in the rumen [German].
Landbauforschung Volkenrode, 46 (4), 169-173.
Magno, N.K., Carpenter, J.R., Nolan, J.C. and Campbell, C.M. 1986. Effects of
adding microbial inoculants, molasses and urea on silage quality of immature
whole plant sugarcane (Saccharum ofjicinarum). Journal ofAnimal Science
63(1), 290.
Mahadevan, P. and Devendra, C. 1985. Present and projected ruminant production
systems of Southeast Asia and the South Pacific. In In Aciar Proceedings 12,
7-14.
Makin, A. 1994. Silage comes out from under the wraps. In M. Casey (ed.), Cut and
Dried. The Complete Guide to Hay and Silage Management, 166-16 8,
Kondinin Group, Wagga Wagga.
Marsh, R. 1979. The effects of wilting on fermentation in the silo and on the
nutritive value of silage. Grass and Forage Science, 34, 1-10.
McDonald, P., Henderson, A.R. and Heron, S.J.E. 1991. The Biochemistry of Silage.
(2nd ed.), Chalcombe Publications, Marlow, UK.
Mclvor, J.G. and Chen, C.P. 1985: Tropical grasses: Their domestication and role in
animal feeding systems.in Aciar Proceedings 12: Forages in Southeast
Asian and South PacfIc Agriculture, 55-59.

Tropical Fodder Conservation

102

Messman, M.A., Weiss, W.P. and Koch, M.E. 1994. Changes in total and individual
proteins during drying, ensuing, and ruminant fermentation of forages.
Journal of Dairy Science, 77 (2), 492-500.
Mickan, F. 1995. Get out of silage what you put in. In Australian Farm Journal,
September 1995 Suppleinent. Beef The Maga:ine for Successful Beef
Producers. pp1 8-20.
Mir, Z., Jan, E.Z., Robertson, J.A., Mir, P.S. and McCartney, D.H. 1995. Effects of
microbial inoculant and moisture content on preservation and quality of
round baled alfalfa. Canadian Journal ofAnimal Science, 75, 15-23.
Molnar, B. and Gyori, Z. 1996. The effect of agrotechriical factors and of the hybrid
on the quality of silage maize. 1. Dry matter and crude protein content
(Hungarian). Novenytermeles, 45 (4), 365-376.
Moran, J. 1994. Silage fares well in comparison with hay. In M. Casey (ed.), Cut
and Dried: The Complete Guide to Hay and Si/age Management, 101-105,
Kondinin Group, Wagga Wagga.
Moss, R.J., Byford, I.J.R., Winks, Chambers, G. and O'Grady, P. 1984. In vivo
digestibility of tropical grass-legume pastures conserved as silage or hay. In
T.J Kempton, A.G.Kaiser, and T.E. Trigg (eds) Si/age in the 80s:
Proceedings of a National Workshop, Armidale, August 8-9, 137-140.
Mson, R. and Sangodoyin, A.V. 1995. Conservation and enrichment of forages by
ensiling with poultry excreta. Communications in Soil Science and Plant
Analysis, 25 (15-16), 2683-2695.
Murdoch, J.C. 1960. The effect of temperature on silage fermentation. In
Proceedings of the Eighth International Grassland Congress, Reading,
England July 11-21, 502-505.
Nicholson, J.W.G., McQueen, R.E., Charmley, E. and Bush, R.S. 1991. Forage
conservation in round bales or silage bags: Effect on ensuing characteristics
and animal performance. Canadian Journal ofAnimal Science, 71,
1167-1180.
Panditharatne, S., Allen, V.G., Fontenenot, J.P. and Jayasuruya, M.C.N. 1986.
Ensiling characteristics of tropical grasses as influenced by stage of growth,
additives and chopping length. Journal ofAnimal Science, 63, 197-207.

Tropical Fodder Conservation

103

Petit, H.V., Lafreniere, C. and Veira, D.M. 1997. A comparison of methods to
determine DM in silages. Journal of Dairy Science, 80 (3), 55 8-562.
Preston, T.R. and Leng, R.A. 1987. Matching Ruminant Production Systems with
Available Resources in the Tropics and Sub-Tropics. Penambul Books,
Armidale.
Ralph, W. 1993. Improving our tropical grasses. In Australian Farm Journal, July
1993, 92-95.
Ranjhan, S.K. 1985. Sources of feed for ruminant production in Southeast Asia. In
In Aciar Proceedings 12, 24-28.
Rann, R., Lemcke, B. and Wesley-Smith, R. 1993. Silage in the Top End. Northern
Territory Department of Primaiy Industry and Fisheries Agnote A' 557.
Remenyi, J.V.and Mc William, J.R. 1985. Ruminant production trends in Southeast
Asia and the South Pacific, and the need for forages. In ACIAR Proceedings
12: Forages in Southeast Asian and South Pac/lc Agriculture, 1-6.
Siregar, M.E., Yuhaeni, S., Salam,R. and Nulik, J. 1985. Forages in Indonesia. In
AC/AR Proceedings 12: Forages in Southeast Asian and South PacfIc
Agriculture, 80-82.
Spitaleri, R.F., Sollenberger, L.E., Staples, C.R. and Schank, S.C. 1995. Harvest
management effects on ensiling characteristics and nutritive value of seeded
Pennisetum hexaploid hybrids. Post harvest Biology and Technology, 5,
353-362.
Standing Committee on Agriculture Resource Management: Ruminants
Subcommittee (1990). Feeding Standards/br Australian Livestock:
Ruminants. CSIRO Publications, East Melbourne.
Statistica for Windows: Statsoji, 1995. 2nd ed.
Stockdale, C.R. and Beavis, G.W. 1994. Nutritional evaluation of whole plant maize
ensued at three chop lengths and fed to lactating dairy cows. Australian
,Journal of Experimental Agriculture, 34 (6), 709-7 16.
Tjandra.atmadja, M., Norton, B.W. and MacRae, I.C. 1991. Fermentation patterns of
forage sorghum ensiled under different environmental conditions. World
Journal of Microbiology and Biotechnology, 7, 206-218.

Tropical Fodder Conservation

104

Tjandraatmadja, M., MacRae, I.C. and Norton, B.W. 1993. Effect of the inclusion
of tropical tree legumes, Gliricidia sepium and Leucaena leucocephala, on
the nutritive value of silages prepared from tropical grasses. Journal of
Agricultural Science, 120, 397-406.
Tjandraatmadja, M., Norton, B.W. and MacRae, I.C. 1994a. Ensilage of tropical
grasses mixed with legumes and molasses. World Journal of Microbiology
and Biotechnology, 10, 82-87.
Tjandraatmadja, M., Norton, B.W. and MacRae, I.C. 1994b. Ensilage characteristics
of three tropical grasses as influenced by stage of growth and addition of
molasses. World Journal of Microbiology and Biotechnology, 10, 74-81.
Tupper, A., Cleland, S. and Bate, P. 1996. Rainfall monitoring and prediction over
the Top End. 8-15. In J.D. Sturtz and A.L. Chapman (eds), Conservation
Farming for the Semi-arid Tropics, 3-7, Northern Territory Zone, Australian
Institute of Agricultural Science, Berrimah, NT, Australia.
Van Os, M., Duiphy, J.P. and Baumont, R. 1995. The effect of protein degradation
products in grass silages on feed intake behaviour in sheep. British Journal of
Nutrition, 73 (1), 5 1-64.
Wedd, S.1994. System approach needed for large round balers. In M. Casey (ed.)
Cut and Dried: The Complete Guide to Hay and Si/age Management, 20-22,
Kondinin Group, Wagga Wagga.
Wesely-Smith, R. 1987. Calopo in the Northern Territory. Northern Territory
Department of Primary Industry and Fisheries Agnote ]\P 243.
Williams, C.C., Froetschel, M.A., Ely, L.O. and Amos, H.E. 1995. Effects of
inoculation and wilting on the preservation and utilisation of wheat forage.
Journal of Daiiy Science, 78(8), 1755-1765.
Williams, A.G. 1994. The permeability and porosity of grass silage as affected by
dry matter. Journal ofAgricultural Engineering Research, 59 (2), 133-140.
Woolford, J.K. 1984. The Silage Fermentation. Marcel Dekker, Inc. New York.
Xiccato, G., Cinnetto, M., Carazzolo, A. and Cossu, M. E. 1994. The effect of
silo type and dry matter content on the maize silage fermentation process and
ensuing loss. Animal Feed Science and Technology, 49, 3 11-323.

Forage Conservation in the Wet / Dry Tropics
for Small Landholder Farmers

APPENDIXES

Tropical Fodder Conservation

105

APPENDIX I

Assessment of Silage Quality: A scoring system
proposed by Kaiser et al (1996)
Factor

Points

Forage Type
Legumes
Tropical grasses
Millets
Forage sorghums
Winter cereals
Temperate grasses
Maize, sweet sorghum, grain sorghum

6

Stage of Growth
Vegetative, immature
Head emergence (grass)
Early flowering (legumes)
Mature

I
2
2
3

3
3
3
4
5
5

Fertiliser nitrogen (N)
Zero nitrogen
3
Legumes, maize, sweet and grain sorghum
irrespective of nitrogen rate
3
Grasses with more than:
100kgNitrogen/ha
1
50-100 kg Nitrogen / hectare
2
Weed contamination (broadleaf weeds)
Heavy
Light
Nil

3

Weather conditions
Wet
Dull, overcast slow wilt
Fine and mild
Fine and warm / hot rapid wilt

1
2
3
4

-

-

I
2
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IMZ

Wilting or Crop DM content
<15 % not recommended
15-20 % not recommended
20-25%
25-30 %
30-35%
35-45%
>45%

0
1
3
4
5
6
3

Chop length, harvesting method
Flail, forage wagon, baler
Double chop
Fine chop

3
4
5

Total Score

SCORES:
below 17

Possibility of poor fermentation.
Wilt or use an additive

17-20

Borderline

above 20

High probability of a good fermentation
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APPENDIX 2

PLASTIC BAG SILOS

1

1992 Trial

In February 1992, 10 week old unwilted soghum I cow pea pasture was cut using a
forage harvester and packed immediately into 5 commercially available plastic bags
(100 urn x 1525 mm x 1015 mm, transparent but not U-V protected). Accurate data
was not obtained, but two management difficulties were evident: it was difficult to i)
compress the chopped forage into the bags without the bag wall being punctured by
the stems, and ii) expel air from the bag's sharp corners.
Even though punctures were repaired with masking tape, fungal growths and sour
butyric odours occurred in all bags. it was difficult to determine if the bags were
permeable or if the fungal growth was due to either enclosed air or bag puncture.
Wilting the herbage to restrict fermentation could lower butyric acid production but
the higher DM material was likely to increase bag puncture.
The trial was abandoned after 6 weeks, but was the main reason for rejecting the use
of plastic bags as experimental silos in favour of steel drums.

2

Ensuing Low DM Cavalcade legume

Low DM cavalcade legume used in trial 2 (Chapter 4) was also ensued using the
plastic bags described above.
In each case unidentified animals had chewed holes in the bags and after 164 days
all the herbage had deteriorated into compost.
The issue of bag permeability was unresolved, but it was confirmed that the bag was
unsuitable as a silo for low DM herbage when used alone unless protected against
vermin attack.
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Ensuing Fresh Larnioro Leaves and Willed Calopo

The plastic bags described above were also used as silos in Sulawesi.
The objectives were to determine if successful silage could be made in plastic bag
silos using i) fresh lamtoro leaves ensued without additives, and ii) wilted calopo
ensiled with molasses.
Lamtoro leaves (Leucaena leucocephala) were collected from mature (>2.5 in tall)
trees from 0830-1000 hrs, spread out on a concrete floor, wilted for two hours, then
packed into a plastic bag. The concrete floor was in a well ventilated area, and was
in constant shade from the shed roof
The following day, leaf was again harvested into a trailer over a two hour period
0800-1000 hrs), after which it was packed into plastic bags virtually as fresh forage.

The calopo (Calopogonium mucunoides) was the same material as described in
Chapter 5. After wilting, molasses was added (100 mL per kg wilted calopo) and the
mixture packed into plastic bags.

Completed plastic bag silos were stored in an open shed with a concrete floor and
inspected 96 days later.

Table A:1

Ensiling Lamtoro leaves and wilted Calopo with
molasses in plastic bag silos

Species

DM content DM content
Weight of
Spoilage
herbage
silage
ensued
(%)
(g kg')
(g kg')
herbage (kg)

lamtoro

352

295

24.5

<2

lamtoro

286

286

76.5

<2

lamtoro

242

---

68

100

calopo

446

---

23

100

calopo

411

20.5

0

358

The bags with 100% spoilage had holes chewed into them by unidentified animals.
The bags which had no holes produced successful silages.

APPENDIX 3

Tables of Statistical Significance for Data
Presented in Chapters 4,5, and 6

Statistical significance for data presented in Table 4.1 (p 38)
Pangola
Cavalcade
3v4
1v2
Forage v Silage
Forage v Silage

Table A:2

Dry Matter (g kg
Dry Matter Digestibility (g kg-' )
Metabolisable Energy (MJ kg
Total Nitrogen (g kg
CrudeProtein

'

DM)

DM)

(gkg 1 DM)

Forage
1v3
Cavalcade

Silage
2v4
Cavalcade

V

V

Pangola

Pangola

0.152

0.722

0.328

0.338

0.256

0.057

<0.001

<0.001

0.340

0.072

<0.001

<0.001

0.152

0.088

<0.001

0.005

0.069

0.131

<0.001

0.005

pH

0.155

Acetic Acid (g kg 1 DM)

0.141

Butyric Acid (g kg
Lactic acid (g kg

'

-

DM)

DM)

--

0.001

Bulk Density (kg m 3)

0.014

Total Dry Matter (kg drum)

0.073

Change in Dry Matter content (%)
Storage Duration (days)
Spoilage (%)

0.356

H

0

C

Table A:2

Statistical signilIcance for data presented in Table 4.1 (p 38
Cavalcade
Pangola
1v2
3v4
Forage v Silage
Forage v Silage

Forage
1v3
Cavalcade

Silage
2v4
Cavalcade

V

V

Pangola

Pangola

Dry Matter (g kg

0.152

0.722

0.328

0.338

Dry Matter Digestibility (g kg-' )
Metabolisable Energy (MJ kg ' DM)

0.256

0.057

<0.001

<0.001

0.340

0.072

<0.001

<0.001

0.152

0.088

<0.001

0.005

0.069

0.131

<0.001

0.005

Total Nitrogen (g kg
Crude Protein

'

DM)

(gkg 1 DM)

H
-

SIDC)
C)

1

pH
Acetic Acid (g kg' DM)
Butyric Acid (g kg
Lactic acid (g kg

'

'

DM)

DM)

0.155

C

0.141

C)
SID

--

0.001

Bulk Density (kg

0.014

Total Dry Matter (kg drum')

0.073

Change in Dry Matter content (%)
Storage Duration (days)
Spoilage (%)

0.356

Table A:3

Statistical significance For data presented in Table 4.2 (p 43 )

1v2
Forage v Silage

3v4
With lids:
Inside v Outside

5v6
Without lids:
Inside v Outside

3v5
Inside:
With lid v Without lid

28

8

8

8

0.310

0.330

nr

0.135

Dry Matter Digestibility
(gkg'DM)

<0.001

0.179

nr

0.536

MetabolisableEnergy
(MJ kg -' DM)

<0.001

0.184

nr

0.523

Total Nitrogen
(gkg 1 DM)

<0.001

0.091

nr

0.224

CrudeProtein
(gkg 1 DM)

<0.001

0.103

ur

0.226

pH

0.964

nr

0.002

Acetic Acid (g kg 'DM)

0.511

nr

0.087

Butyric Acid (g kg 'DM)

0.776

nr

0.214

Lactic acid (g kg 'DM)

0.245

nr

0.509

Spoilage (%)

0.280

<0.00 1

0.051

Sample size (n)
DryMatter (g kg

Table A:4

Statistical significance for data presented in Table 5.1 (p 5 1 ) and Table 5.2 (p 52
)

2v6
Calopo silage

1v2
Forage

3v4
inside

5v6
Forage

7v8
Inside

V

V

V

V

V

Elephant grass
silage

Silage

Outside

Silage

Outside

Dry Matter (g kg')

<0.001

0.06

0.70

<0.001

0.04

Total Nitrogen (g kg DM)

<0.001

0

0.25

0.44

0.70

Crude Protein (g kg-' DM)

<0.001

0

0.25

0.44

0.70

pH

0.02

0.34

<0.001

Acetic acid (g kg' DM)

<0.00 1

0.57

0.04

Butyric acid (g kg' DM)

<0.00 1

0.07

0.08

0.02

not detected

0.8

0.98

0.56

Total Dry Matter (kg druni 1 )

0.01

0.44

0.90

Spoilage (%)

0.15

0.13

not detected

Lactic Acid (g kg

'

DM)

Bulk Density (kg m

H

Table A:5

Statistical significance for data presented in Table 6.1 (p 64)

Cavalcade legume

J?angola grass
H

Wilted
Forage

Heavily Wilted
Forage

hay

Bale Weight
(kg)

0.048

0.089

Bale DM
content
(g kg4 )
Bale DM
content (kg)

0.018

0.043

Wilted
Forage

Heavily Wilted
Forage

1-lay

0

Minimum
Wilted Forage
0.003

0

0

0

0

0.006

0.750

0.645

0

C)

C)

C)

0.098

0
C)

0.070

0.049

0

0.836

0.78

0.387

0.002

C

Table A:6

Statistical significance for data presented in Table 6.2 (p 65)

1v2
Fresh Pasture
v
Wilted Forage
Samplesize(n)
Dry Matter (g kg 1)

22

2v3
Wilted Forage
v
heavily Wilted
Forage
32

3v4
heavily Wilted
Forage
v
Hay
32

1v4
Pasture
v
Hay

H

-

C
C)
SID

22

"TI

C

CL

<0.001

<0.001

<0.001

<0.001

CD

0.712

0.158

0,891

0.890

C

<0.001

0.994

0.043

0.041

CD

MetabolisableEnergy(MJkg' DM)
Total Nitrogen (g kg ' DM)
Crude Protein (g kg 1 DM)

<0.001

0.997

0.046

0.013

0.095

0.173

0.398

<0.001

0.084

0.200

0.463

<0.001

Ash (gkg"DM)

0.966

0.990

0.014

0.058

Gross Energy (MJkg' DM)
Dry Matter Digestibility ( g kg- DM)

C.

Table A:7

Statistical significance for data presentcd in 'Tablc 6.3 66
(p
)

Sample size (n)

1v2

2v3

Fresh Pasture
v
Minimum Wilted
Forage

Minimum
Wilted Forage
v
Wilted Forage

18

Dry Matter (g kg')

24

3v4

4v5

1v5

Wilted Forage
Heavily
Fresh Pasture
v
Wilted Forage
v
Heavily Wilted
v
Hay
Forage
hay
24

24

18

<0.001

0.033

0.740

<0.001

<0.001

0.999

0.999

0.119

0.888

0.093

Dry Matter Digestibility
(gkg'DM)

<0.001

0.279

0.614

0.025

0.204

Metabolisable Energy
(MJ kg -' DM)

<0.001

0.276

0.014

0.999

0.997

0.037

<0.001

0.064

0.998

0.999

0.008

<0.001

0.546

1.000

0.442

0.126

0.272

Gross Energy (MJ kg

'

DM)

Total Nitrogen (g kg -'DM)
Crude Protein ( g kg 1 DM)
Ash (gkg 1 DM)

H

C
0

-ri
C

CiL

C

0.620

0.024

0.057

(I

0

-4

C

Table A:8

Statistical significance for data presented in Table 6.4 (p 67)

1
Wilted Forage

2
heavily Wilted
Forage

3
Hay
H

Sample size (n)
Dry Matter (g kg ')

0.018

0.043

<0.001

<0.001

<0.001

0.103

Dry Matter Digestibility ( g kg-'DM)

<0.001

<0.001

0.001

Metabolisable Energy (MJ kg' DM)

<0.001

<0.001

0.001

Total Nitrogen (g kg DM)
Crude Protein ( g kg' DM)

0.529

0.025

0,902

0.531

0.027

0.842

Ash (gkg 1 DM)

0.171

0.033

0.219

Gross Energy (MJ kg

DM)

Table A: 9

Statistical significance For data presented in Table 6.5 (p 68)
1
Minimum
Wilt

2
3
Wilted Forage Heavily Wilted
Forage

4
Hay

Sample size (n)

Dry Matter (g kg 1)

0.750

0.645

0.098

<0.001

<0.001

0.015

0.029

<0.001

Dry Matter Digestibility ( g kg 1 DM)

<0.001

<0.001

0.021

<0.001

Metabolisable Energy (MJ kg DM)

Gross Energy (MJ kg

'

DM)

<0.001

<0.001

0.021

<0.001

Total Nitrogen (g kg 'DM)

0.018

0.003

0.001

<0.001

Crude Protein (g kg DM)

0.018

Ash (g kg -' DM)

0.003

0.001

<0.001

0.445

0.798

0.102

0.004

H
1

171
0.
o.
CD
1

0
CD
0

Table A:10

Statistical significance fo r data presented in Table 6.6(p 7 I) and Table
Cavalcade Silages
2v3

6.7 (p 72)

Pangola Silages

Wilted Forage

2v3
Minimum
Wilted Forage

V

V

Heavily Wilted
Forage

Wilted Forage

31

24

24

24

<0.001

<0.001

<0.001

<0.001

Silage pH

0.723

<0.001

<0.001

Ethanol(gkg 1 DM)

<0.001

0.124

0.059

0.011

<0.001

Acetic acid (gkg'DM)

<0.001

0.042

0.804

Butyric acid (g kg 1 DM)

0.009

<0.001

0.307

0.997

0.272

Lactic acid (g kg' DM)

0.129

<0.001

0.036

<0.00 1

<0.001

0.306

0.954

0.189

Sample size (n)
Dry Matter (g kg ')

Ammonia Nitrogen (g kg•' TN)

3v4
Wilted Forage

2v4
Minimum
Wilted Forage

V

V

Heavily Wilted Heavily Wilted
Forage
Forage

a

-1

Table A:l I

Statistical significance for data presented in Table 6.8 (p73) and Table 6.9

(p 74)

2v3
Wilted
Forage
v
Heavily
Wilted
Forage

3v4
Heavily
Wilted
Forage
v
hay

Wilted
Forage
v
hay

31

32

31

Bale Bulk Density (kg m 3 )

<0.001

<0.001

<0.001

0.994

<0.001

<0.001

<0.001

Dry Matter (gkg')

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Bale Weight(kg)

<0.001

<0.001

<0.001

0.080

0.003

<0.001

<0.001

Totai Dry Matter
(kg bale')

0.123

0.263

0.007

0.016

0.296

<0.001

0.031

Weight Loss per Bale
(% initial bale weight)

0.956

<0.001

<0.001

0.999

0.983

<0.001

<0.001

0.818

0.011

0.062

0.999

0.999

0.044

0.065

Sample size (n)

2v4

2v3
Minimum
Wilted
Forage
v
Wilted
Forage

3v4
Wilted
Forage
v
Heavily
Wilted
Forage

24

24

4v5
2v5
Heavily Minimum
Wilted
Wilted
Forage
Forage
v
v
hay
Ilay
H
23

23

-

a
CD

Dry Matter change (%)'
Spoilage:
(% final bale weight)

kg bale' (September) as a percentage of the kg bale (March)

00

rable A:12

Statistical significance for data presented in Table 6. 10 (p 75)

Cavalcade
Silage v Hay

Pangola
Silage v Hay

<0.001

<0.001

0.008

<0.00 1

Gross Energy (MJ kg 1DM)

<0.001

<0.001

Dry Matter Digestibility (g kg'DM)

<0.00 1

<0.001

Metabolisable Energy (MJ kg'DM)

<0.00 1

<0.00 1

Total Nitrogen (g kg 1DM)

<0.00 1

0.003

Crude Protein (g kg 1DM)

<0.00 1

0.003

Dry Matter (g kg')
Dry Matter (kg ba1e)

H

SID
ITI

6

Table

A:13 Statistical significance for data presented in Table 6.12 (p 78)
1v2
Cavalcade Silages
inside v Outside (n =31)

3v4
i'angola Silages
Inside v Outside (n = 36)

Dry Matter (g kg ')

0.928

0.698

SilagepH

0.136

0.823

0.108

0.758

Acetic acid (g kg -'DM)

0.435

0.204

Butyric acid (gkg'DM)

0.787

0.231

Lactic acid (g kg-' DM)

0.290

0.536

Ammonia Nitrogen (g kg'TN)
NUTRITIVE VALUE

0.715

0.349

Gross Energy (MJ kg 'DM)

0.829

Dry Matter Digestibility (g kg' DM)

0.481
0.762

Metabolisable Energy (MJ kg' PM)

0.763

0.715

Total Nitrogen (g kg 1 DM)

0.147

0.732

Crude Protein ( % DM)
Ash (g kg' DM)

0.147

0.733

0.904

Spoilage (%)

0.047

0.371

0.945

FERMENTATION

QUALITY

Ethanol (g kg- DM)

.

H
1
0
0
0
00(t

n

C
rj,

0.714

0

NJ

APPENDIX 4

Regression Analyses from Table 6.11
Presented in Graphical Form
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Cavalcade Silages : Initial DM content v Ammonia-N production
y = 85.340 (+1- 9.205) 0.092 (+1- 0.019) x
-

110
I
90
OU

Cu
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Fig 6. Ia

Relationship between forage initial DM content and
ammonia-N content in wilted cavalcade legume silages.

Pangola Silages : Initial DM content v Ammonia-N production
y = 65.030 (+1- 11.766) 0.061 (+1- 0.022)x
-

90

z

80

0

70

0

2 60
0

0)

50
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Fig 6. lb

Relationship between forage initial DM content and
ammonia-N content in wilted pangola grass silages.
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Cavalcade Silages : Initial DM
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content v Lactic acid production

y = 16.426 (+1- 4.382)

-

0.003 (+1- 0.009) x

30
26

0
22

0

18

o
14
Ia
O
M

C.,
C)
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0

0
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Fig 6.2a

Relationship between forage initial DM content and
lactic acid content in wilted cavalcade legume silages.
Pangola Silages : Initial DM content v Lactic acid

production

y = 20.073 (+1- 3.153) 0.026 (+1- 0.006) x
-

22

O
0)

18

o 14
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C.,
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Fig 6.2b

Relationship between forage initial DM content and
lactic acid content in wilted pangola grass silages.
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Cavalcade Silages : Initial DM content v Ethanol production
y = 2.855 (+1- 1.418) 0.002 (+1- 0.002) x
-
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7
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Fig 6.3a

Relationship between forage initial DM content and
ethanol content in wilted cavalcade legume silages.
Pangola Silages : Initial

DM content v Ethanol Production

y = 19.686 (4!- 4.244) 0.0146 (+1- 0.008) x
-

26
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Fig 6.3b

Relationship between forage initial DM content and
ethanol content in wilted pangola grass silages.
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Cavalcade Silages : Bale Bulk Density v Ammonia-N production
y= 2.555 (+1- 10.900) + 0.1941 (+1- 0.053) x
110

90
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Fig 6.4a

Relationship between bale bulk density and
ammonia-N content in wilted cavalcade legume silages.

Pangola Silages : Bale Bulk Density v Ammonia-N production
y = 0.145 (+1- 0.049)x 4.988 (+1- 13.088)
-
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Fig 6.4b

Relationship between bale bulk density and
ammonia-N content in wilted pangola grass silages.
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Cavalcade Silages : Bale Bulk Density v Bale total DM
y = 7.695 (+1.0.013) + 1.086 (+1- 0.005) x
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Fig 6.5a

Relationship between bale bulk density and bale
DM content (kg) in wilted cavalcade legume silages.

Pangola Silages : Bale Bulk Density v Bale total DM content
y=11.612(+/-1.110)-.001 (+I-0)x
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Fig 6.5b

Relationship between bale bulk density and bale
DM content (kg) content in wilted pangola grass silages.
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Cavalcade Silages Bale Bulk Density v Lactic acid production
y = 8.822 (+1- 4.491) + .030 (+1- 0.022) x
30
26
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Fig 6.6a

Relationship between bale bulk density and
lactic acid content in wilted cavalcade legume silages.

Pangola Silages : Bale Bulk Density v Lactic acid production
y = 0.063 (1-1- 0.013) x 10.057 (+1- 3.410)
-
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Fig 6.6b

Relationship between bale bulk density and
lactic acid content in wilted pangola grass silages.
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Cavalcade Silages : Bale Bulk Density v Initial DM content
y = 866368 (+1- 60.214)

-

1.964 (+1- 0.293) x
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Fig 6.7a

Relationship between bale bulk density and forage
initial DM content in wilted cavalcade legume silages.

Pangola Silages : Bale Bulk Density v Initial DM content
y = 776.434 (+1- 93.142) 0.968 (+1- ).348) x
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Fig 6.7b

Relationship between bale bulk density and forage
initial DM content in wilted pangola grass silages.
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APPENDIX 5

Estimating Cost of the Silo for per kg DM Silage Produced

5.1

Assumptions

For the purposes of this comparison labour costs, costs of crop production, and
harvest costs have been omitted because they vary from country to country and the
purpose here is to compare the cost of the silo per kg DM of feed conserved.
Costs associated with making the small bales have been included because i) the
mechanically packed material is needed for the wrapper to function effectively, and
ii) results in Chapter 6 (Tables 6.7 and 6.8) indicate that for the same crop
approximately the same amount of plant DM (kg) is baled irrespective of the forage
DM content (g kg DM) at bale formation.

5.2

200 1. Steel Drums

These cost $10.00 each. If they were used annually for three years, the silo would
contribute $3.33 each year for silage production. Results from Chapter 4 indicate the
steel drums are unlikely to be useful silos after three years.

5.3

/20 1. Plastic J)rums

These cost $8.30 each. The useful life of the drum is not known, but it is likely to be
more than three years because, unlike the steel drums, they do not rust. If they were
used for four or more years the cost per kg DM of silage produced would continue to
reduce. In Table 7.1 the useful life of the plastic drum is estimated as three years in
order to form a comparison with the steel drums. Consequently the annual
contribution to the cost of silage production is estimated as $2.80.

5.4

Small Bales Wrapped in Plastic Film

The cost estimation of silage production using small bales is based on the method
outlined by Fraser (1994), applied to the baler and wrapper described in Chapter 6.
Operating and ownership cost estimates have been based on making 30 bales / h and
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using the machinery for 200 h per year. The RB502 baler is operated by an Iseki
(TA537F) tractor. The cost estimates are:

Cost ($/hr)
Operating cost: Iseki tractor

7.95

RB502 Baler: ownership cost

3.59

RB502 Baler: operating cost

3.13

WE500E wrapper: ownership cost

1.57

WE500E wrapper: operating cost

1.04

Total

17.28

At 30 bales per hour this is $17.28 / 30 = $0.58 per bale
Each bale requires $0.60 plastic film.
D

Total cost of baled silage is therefore $1. 1 8 per bale

E

From Table 6.7: the cavalcade has 10.2 kg bale' ,which represents a cost of
$118110.2

=

$0.12kg'DM

From Table 6.8: the pangola has 11.6 kg bale', which represents a cost of
$118111.6

=

$0.10 kg -'DM.

In this study, using plastic film to wrap small bales of forage is the cheapest means
of forming a silo to preserve herbage as silage. The low cost of $0.10 -$0.12 is
recurrent, and requires access to machinery for each production. The plastic drums
are excellent silos and are initially very expensive, but they have the advantage of
being able to be re-used. The longevity of the drum is not known, but would have to
be used annually for 8 years in order to achieve the same cost per kg DM of the
plastic wrapped bales. The steel drums are not recommended because of high cost
per kg DM conserved, short life span of the drum, and the relatively high spoilage of
silage produced.

I..,
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5.5
Table A:14

Summary of Nutritive Value Variations

Nutritive Value of iropical Herhage used in this investigation

Approx Crop
Age

DM

DDM

ME

CP

(g kg')

(g kgDM)

(MJ
kg'DM)

(weeks)

(g kg t DM)

10

675

648

9.0

128

Table 4.1, heavily
wilted

13

268

513

6.7

150

Table 4.2, wilted in
poor wilting
conditions

18

233

551

8.2

204

Table 6.2, Fresh
forage

6

221

598

9.0

130

Table 6.3, Fresh
forage

10

709

536

7.1

106

Table 4.1,
heavily wilted

360

144

Table 5.1,very
mature forage

228

47

Table 5.1, fresh
forage

Reference
and
Comment

cavalcade

pangola

calopo
variedage,
>40% flowers
elephant
Grass
not known:
stemmy
regrowth
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5.6

Table A: 15

Silage from:

('han ges o[Nulritive Value Pasiure-Silage

Initial DM
content

DDM*

ME*

CP

(g kg')

cavalcade
Table4.l

652

1.6

2.2

2.3

Table 6.4

414

-3.1

-4.9

-21.1

Table 6.4

619

0

-11.0

-21.1

Table 6.5

443

1.7

0.0

-17.7

Table 6.5

554

-4.7

-6.7

-16.9

Table 6.5

637

-7.2

-10.0

-14.4

Table4.1

709

-6.2

-7.0

-10.4

pangola

calopo
varied age,
>40% flowers

305

-13.9

178

-6.4

elephant Grass
not known:
stemmy
regrowth

*

Difference in silage and pasture values expressed as a %
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