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Forages and crop residues can be conserved to feed dairy cattle during periods of
feed shortage caused by limited pasture growth or inadequate pasture conditions or
fed as a supplement. Conserved forages can take the form of hay, haylage and
silage. It is important, to keep this fact in mind “At best, conserved forages can rarely
match the nutritive value of fresh forage because some losses of highly digestible
nutrients (sugar, protein, and fat) are unavoidable during conservation and storage”.
The goal in forage conservation is to focus on minimizing losses, which start
immediately after cutting.
When selecting a conservation method, a farmer should consider the following:
 suitability of the forage for a given method,
 storage capability,
 weather conditions,
 the intended use of the conserved forage and,
 the selected conservation technique should maximize nutrient conservation
efficiency and minimize production costs.
1. Hay production
Hay is “grass, legumes, or other herbaceous plants that have been cut, dried, and
stored for use as animal fodder”.
Steps in hay production
(a) Visual assessment
Grass for hay production is cut when about 10% of the crop is flowering. At this stage,
the plant is full of energy, protein and sugars. Plants must have a high leaf-to-stem
ratio. The more leaves the better because they are packed with nutrients.
(b) Mowing
Use sharp blades, like sickle or a hand shear to cut the plants at least 1 cm above the
ground. Cutting too low will affect the plant’s ability to regenerate.

A field of pasture grass after cutting the fodder
(c) Drying
Leave the harvested material in the field to dry for 2 to 3 days depending on the forage
species. Hay production must therefore be done during the dry season to allow the
forage to dry properly. Drying stops the plants’ chemical and biological activity and
reduces the possibility of the hay going mouldy. The harvested forage can be hung in
a well-ventilated moisture free structure to ensure quick drying in the absence of
sufficient sunshine.
(d) Raking
The dry grass is raked into heaps. This helps stop the dry grass from blowing around
the field and means it is all lined up and ready for baling.
(e) Baling
Care must be taken to ensure the leaves and stems remain intact and that the moisture
in the hay is just right. If the bale has not dried out enough, it will turn into a hot compost
heap that could start a fire. Baling can be done using:
(i) a simple modified manual hay baler;
(ii) wooden bottomless hay baler for small quantities of hay; or
(iii) tractor mounted with a baler.
(i) Simple modified manual hay baler
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The bailing box requires largely flat pieces of timber of 1-inch-thick, but of varying
lengths. The box measures 0.6 x 0.6 m; with a depth of 48cm. Lever arm is 1.5m. Two
bolts are required - one for the pivot pin and the other to attach lever arm to the timber
extending from the tramp. The distance between the tramp and lever arm is 48cm.
(ii) Wooden bottomless hay baler
Manual box baling has practical application whenever resource-poor people transport,
store and stall-feed bulky dry forages (grass and legume hays, fibrous crop residues
such as maize and sorghum stover; cereal straws (millet, cereal straws of rice, teff,
wheat, barley and oats), and bean haulms. The measurements for the wooden
bottomless box are: 75 x 50 x 40 cm.

Wooden bottomless box
(iii) Tractor mounted hay baler
Large scale commercial hay production can be done using tractor mounted hay balers.

Baling hay using a wooden baling box
(a) Lay four sisal strings of about 10ft long at the bottom of the box with two strings
across each facing side of the box meant for tying up the packed material.
(b) The dried fodder is placed in the hay bailing box. When the box is full, the fodder
is thoroughly compacted until when no more dry fodder can be added into the
box.
(c) Remove the bales from the baling box.
(d) Transfer the bales into a hay barn where it’s kept until it’s utilized for livestock
feeding

The hay is compacted in a hay baling box

Tying hay

(d)
A standard hay barn and a simple rack constructed below the roof of a zero-grazing
unit.
The barn must be well ventilated to aid in further drying of the bales as well as to
prevent accumulation of moisture that could lead to mould development on hay. The
floor of the barn should consist of a raised perforated surface to allow air circulation
under the bales.
Characteristics of good-quality hay
Good-quality hay should have the following characteristics:
 leafy and greenish in colour,
 has no foreign material mixed with it and,
 has no smell.
How do you feed grass hay to dairy cow?
(a) Chop grass hay on a canvas or tarpaulin.
(b) Mix chopped grass hay with 30 percent leguminous forages such as Gliricidia
or Calliandra leaf hay to improve the protein content of the feed.

(c) Mix molasses and water in a ratio 1:3 (molasses: water).
(d) Sprinkle diluted molasses on chopped grass hay to improve the energy content,
palatability and acceptability by the animals. Salty water can also be sprinkled
in the absence of molasses.
(e) Supplement the hay with a source of energy such as dairy meal or dairy pellets
depending on their availability.
(f) Intake of grass hay depends on the liveweight of the cow, quality of hay and
whether or not grass hay is the only constituent in the diet. As a guideline,
excluding wastage, the daily requirement of hay is 3 percent of the animal’s
body weight with at least 30% of the total intake being legume hay.
2. Silage production
Silage is “fermented, high-moisture stored fodder which can be fed to cattle and other
ruminants (cud-chewing animals)”. It is fermented and stored in a process called
ensilage, ensiling or silaging, and is usually made from grass crops, including maize,
sorghum or other cereals, using the entire green plant (not just the grain). The purpose
is to preserve forages through natural fermentation by achieving anaerobic conditions.
Lactic acid is produced when the sugars in the forage plants are fermented by bacteria
in a sealed container (‘silo’) with no air. Forage conserved this way will keep for up to
three years without deteriorating.
Advantages of silage












Plants can be harvested at optimal phase of development and are efficiently used
by livestock during periods of feed shortages.
Stable composition of the feed (silage) for a longer period (up to 5 years).
Reduction of nutrient loses which in standard hay production may amount to 30%
of the dry matter (in silage is usually below 10%).
More economical use of plants with high yield of green mass.
Better use of the land with 2-3 crops annually.
Silage is produced in both wet and cloudy dry weather conditions.
The fermentation in silage reduces harmful anti-nutrients such as tannins
accumulated in plants during drought and in over-fertilized crops.
Silage production allows crop by-products such as cereal stovers to be optimally
used.
Silage requires 10 times less storage space compared to hay.
With adequate feed available year-round, animals remain in good condition.
Advantage can be taken of the higher milk price during periods of feed shortages.

Disadvantages of silage
1.

2.
3.
4.
5.

It requires a silo (permanent structure for storing silage) in comparison with
the simpler methods of field curing and storing hay. This means higher costs for
small-scale dairy farmers.
Wastage may be more, if silage is not properly made or stored.
Poorly prepared silage is not accepted by animals.
Silage possesses considerably less vitamin D than sun-cured hay.
Ensiling incur an added expenditure when preservatives are necessary.

6.
7.

Extra labour is needed at silo filling time.
Transportation problem is generally experienced in silage than that of hay.

Steps of silage making
(a) Harvest:
Forage such as maize, grasses, legumes etc. is harvested from the field when there
is excess feed to the immediate feed requirement. Ensiling becomes useful in this
situation as the farmer is able to preserve the feed in the same quality but for future
use. A rule of thumb for harvesting forage is “as the crop matures, it has less leafy
content and more stems resulting in lower nutrients and hence it is important
that a farmer harvests the crop at the right time.” The fibre content increases with
maturity. Fibre is unsuitable because it has lower palatability, less digestible and a
lower protein content level leading to reduced intake by the cows.
(b) Wilting
This is the process of reducing moisture in harvested fodder This can be done by
laying the plants against the wall or on a rack outdoors and in the sun for about half
a day depending on the pasture type. Do not to wilt in thick layers as the plants in the
bottom will not be exposed to the sun/heat and may lead to decomposition undoing
the silage making process. Continue turning the material until it is completely dry.
(c) Chopping
The wilted fodder is chopped using a hand shear or a forage chopper to length of
about 2 cm for several reasons:




Longer chop lengths are more difficult to compress and displace the air within the
crop especially the stems, which are harder and hence more difficult to
compress resulting in losses in the silage making process.
Livestock especially young ones consume more with shorter length forages as
compared to longer ones. More consumption of good quality forages results in
higher milk production.
(d) Add fermentable substrate

For every 90 kg of chopped fodder, add a fermentable substrate such as maize bran
or molasses depending on the type of fodder. Mixing can be done on a tarpaulin.
(i) Silage from fresh fodder
Mix 10 kgs of maize bran to 90 kgs of fresh chopped fodder such as Napier grass and
sweet potato vines. Maize bran produces better silage because it reduces the quantity
of effluent from the silage.
(ii) Silage from maize fodder

Maize silage is made out of whole ensiled maize plants. It is one of the most valuable
forages for dairy cattle production. Maize forage should be harvested at “milk stage”.
This can be correlated with two visual indicators in the grain, the milk line (limit
between the dent part and the liquid part of the grain), and the black layer (that is
visible at the base of the kernel once complete maturity has occurred). Maize plants
are ensiled without molasses or maize bran. The natural sugars in the maize plant
help to ferment the silage.

Maize bran is mixed with chopped fodder
Methods used to store silage
A silo is a structure for storing bulk materials. Three types of silos are in widespread
use today: (a) stack silo, (b) trench silos, (c) bunker silos, and (d) tube silos.
1.

Stack silo

A plastic sheet (about 0.1 mm thick) is spread over the ground. The silage materials
are put on the sheet and covered with a plastic sheet. Proper tread pressure has to be
applied, and complete sealing is required. It is necessary to ensure that no damage is
caused to the plastic sheet by field mice or birds.

Stack silo

2. Pit or trench silo
A trench silo can be built by simply digging the ground.


Excavate a trench (dimensions 3 metre by 5.3 metre by 1 metre for the deep
side; enough to accommodate 8 tons of silage).

An example of a trench silo




Place plastic sheets inside the trench silo to prevent loss of material.
Empty gunny bags of chopped material into the silo and spread evenly.
Continue the process until the pit is full and doom shaped.



Proper tread pressure has to be applied, and complete sealing is required to
prevent air from entering the silo as this result into damage/rotting of the
silage.



Cover the material with a polythene sheet then cover with soil of at least 1 feet
(30 cm) thickness to further compress the material.

Covered trench silo
3. Silage making using plastic tube silage bags and plastic drums for smallscale farmers
Material requirements for the tube silage making technology include:
 fodder to be conserved
 black polythene tubes, 2.5, gauge 600-800mm or any other polythene plastic tube
 maize bran or molasses
 forage chopper or a machete
 tarpaulin
 100 kg synthetic sac
 weighing scale
 5 litres plastic container for mixing
 watering can
 sisal twine
 water
 4 people to provide labour to produce 1,000 kg of silage per day
The use of plastic tubes or plastic tanks is one of the most suitable methods for
smallholder dairy farmers who want to make limited quantities of silage.

(a)

(b)

(c)
(b) Coca cola plastic tube bag; (b) plastic drums and (c) black polythene
silo bags for storing silage
Advantages of plastic tube bags











Plastic silage bags are an economical alternative to traditional silage storage
systems, such as pit silos.
It is an effective way for preserving feed with minimum nutrient loss. The anaerobic
environment that is created eliminates spoilage from the growth of yeasts, moulds
and adverse bacteria while maintaining essential proteins and nutrients.
Allows farmers to store silage anywhere they need it.
The silage is completely sealed in the bag. This means that all the lactic acid is
retained in the silage, unlike in pit silage when it seeps out through the bottom of
the pit as effluent. This compensates for the longer pieces of forage and poorer
compaction than that found with silage machinery, so that the quality of the silage
is just as good.
Ensiling in a bag avoids the hard work of having to remove silage, as it has to be
from a pit, when it has to be dug out every day.
Because the whole bag is fed out to the animal, it means the rest of the silage
which is in the other bags is not exposed to air at removal and is therefore
unspoiled. Much of the silage in pits has been found to be spoiled due to poor
sealing and exposure to air every day when the silage is removed for feeding.
The bag is easily stored and easily portable so that any member of the family can
carry it to the feed trough for the cow.
A plastic bag (600-800mm) of 1.5 metre can compact 50-70kgs of silage depending
on material used and the type of silage produced.

Disadvantages of plastic tube silage
1. Containment and disposal of the plastic, once silage is removed from the bag

2. The need to chop the green mass, as chopped material tends to make much better
silage, because more air can be squeezed out of it during the packing process,
and the small pieces cannot puncture the bag
3. Most loses of silage during the process occur due to unnoticed bird/rodent damage
to the bags resulting in spoilage loss and too wet (gaseous/seepage losses) or too
dry silage (spoilage).
Making silage using a polythene tube silo






Chop the forage to lengths of about 2.5cms using a panga or chaff-cutter.
Spread a polythene sheet or canvas onto a flat surface and place 50-70 kg of
the chopped material (about one ordinary bag on it. Spread the material into a
thin layer.
Silage production from fresh fodder maize plants, Napier grass and sweet
potato vines: Use 10 kgs of maize bran for every 90 kgs of chopped fodder.
Maize bran produced better quality silage because it reduces effluent from fresh
fodder
Haylage production from dry forages such as maize stover, wheat and
rice straw: dilute 1 litre of molasses with 3 litres of water (enough water to
spread the 1 litre molasses onto the 50 - 70 kg of chopped forage. Haylage is
“a type of feed for livestock made from perennial forages (grasses and
legumes) that would otherwise be used for hay. Haylage, then, is actually a
higher-moisture, fermented feed of those perennial forages very similar to
silage”.

Making high quality haylage from maize stover

High quality haylage made from maize stover



Sprinkle the
diluted
molasses (preferably in a watering can) onto the
chopped forage as evenly as possible. Turn/mix the forage repeatedly
to ensure an even spread.
Tie one end of a 2.5m long plastic tubing (1.5m width, 600-800 gauge) to make
a large "plastic bag". Turn the polythene bag inside out.

Tie one end of a 2.5m long plastic
tubing



Tie upside down to make a plastic tube

A farmer can use plastic drums to store silage.
Roll down or fold back the top of the polythene tube and place the tube into
another 100 kg. synthetic sac used for packing sugar, salt, rice and maize flour.
The sac protects the polythene tube from being damaged by rodents and hot
weather.

The polythene tube is placed into a- 100 kg. synthetic sac to protect it from damage



Put the mixture in the polythene tube in small quantities and compress until it
is full.
Hold the top of the polythene bag firmly and tie the bag firmly with a sisal twine
excluding the air in order to encourage the growth of fermentation bacteria (d).

Tie the bag firmly




Store away from direct sunlight or rain. It may be useful to place some weight
(rocks/stones) on the tied sack to maintain the compacting. The silage must
be stored under a shade, for example in a store. Rodents like rats that could
tear the tube need to be controlled.
Under anaerobic conditions, silage and haylage can be stored for up to 3 years.

Silage bags stored in a well-ventilated store
Improving the quality of silage and haylage





Harvest the leaves and young stems of Wild Sunflower, Gliricidia, Lablab or
Calliandra.
C chop and dry the forages to produce leaf hay. The leaf hay has a high protein
content.
Mix the leaf hay thoroughly with maize stover in a ratio of 20:80 (leaf meal:
maize stover).
Poultry litter (20 percent) can be added to maize stover haylage to improve
protein content of the feed. Ensiling provides a good sanitary that does not
contain Alfatoxins, Salmonella, and Escherichia coli.

Feeding silage and haylage to dairy cattle




Silage and haylage are ready for feeding to dairy cattle 21-30 days after
ensiling.
Well-prepared silage or haylage is bright or light yellow-green in colour, has a
strong sweet smell similar to that of fermented milk and has a firm texture. Poor
quality silage tends to smell similar to rancid butter or ammonia.
Silage cannot replace concentrates. Therefore, supplement your dairy cows
with concentrates when using silage.

Good quality silage










Animals must be offered clean water and mineral supplements.
About 3 to 5 tonnes of silage can feed 2 to 3 crossbred cows for 2 months of
the dry season.
As a supplement, silage can be fed to dairy cows at a rate of 15-20 kgs/cow/day
depending on the livestock of the cow and quantity of milk produced.
Feed a little silage at a time until the animals get used to the new feed.
Silage should be fed as soon as possible, preferably within a few hours after
opening the silos. Each time after you open a silage bag and remove some
silage, expel air from the bag and then tie the remaining silage tightly to avoid
spoilage.
After feeding, the feed troughs must be cleaned out to remove any remaining
silage, which will spoil, contaminating the next feed out.
Monitor the silage bags on a regular basis for any rodent, bird or livestock
damage;
To avoid off-flavour in milk, do not feed silage to milking cows before milking
but feed immediately after milking.

Utilization of silage and haylage for different types of stock
Stock
Lactating dairy cow
Dry cows
Dairy heifers
Beef breeding cows
Maintenance of silage bags

Quantity (kg)
10-20
10-15
5-8
12-20

Damage on silage bags can happen due to rodents and bad weather. For maintenance
of the stored bags containing the silage the following recommendations should be
followed:









Label (number and date) the bags for easy identification.
Inspect the bags on a regular basis and if possible mend holes.
If damage is extensive, the silage needs to be re-bagged as soon as possible.
Do not allow dogs, cats and other animals to climb the bags.
Do not leave the silage bags opened overnight.
If maintenance is appropriate after 3–5 weeks, excellent lactic acid fermentation
will result and bags kept well for six months, with no or little fungal spoilage.
After removing the silage, the bags must be carefully washed, dried and stored in
a safe place for use the following year.
Do not use chemical means for rodent/pest control, as life expectancy of the
plastic is reduced when exposed to chemicals.
4. Leguminous forage leaf meal

Leguminous fodder trees such as Calliandra and Gliricidia, herbaceous forage
legumes such as alfalfa, lablab and shrubs such as Wild Mexica sunflower have high
protein content which is lacking in many of the grasses during the dry season.
Leguminous forages can be conserved in form of leaf hay to provide a source of
protein supplement to low quality forages.
Production and utilization of fodder leaf meal








Harvest the leaves and young stems of the leguminous forages.
Dry the material on a clean floor in a shaded area. The dry leaves will fall off from
the stems.
Collect the dry leaves from the tarpaulin and store in sisal bags under shade or in
a dry room.
At feeding time, wet the dry leaves with water to reduce waste through spillage or
mix the dry leaves with maize bran in a ratio of 2:0.5 (dry leaves: maize bran).
The dried leaves are fed to the animals as a protein supplement either alone or
mixed with dairy meal, maize bran or soya bean cake.
The mixture can be offered at milking time.
Leaf hay can be used to formulate feed rations such as dairy meal such as dairy
meal, nutrient feed blocks and/or Dairy pellets.

