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8.
TROPICAL FORAGE PRODUCTION AND 
UTILISATION
Introduction

Welcome to our discussion of Tropical Forage Production and Utilization! This module contains 5 Units.  They are:

· Nutritive Value of Forages,

· Nutrient Needs of Ruminants,

· Factors Affecting  Tropical Forage Production,

· Forage Utilisation,

· Cost of Forage Production.

Fodder or forages may be described as “any green or plant material which can be grown for feeding to ruminants and may be fed ‘fresh’, ‘ensiled’, or ‘dried’”.  Since forages can be produced on-farm, it is the feed resource over which the ruminant producer can exercise control. Under efficient farm management systems, you as a ruminant livestock producer should aim at managing your land resources so that the forage produced can be available when and in the quantities required in your production system. This necessitates timely forage production and utilisation.  If you purchase forage, or if you are an opportunity grazer using roadside grazing, or your animals graze unutilized land, you will still need to be aware of the information contained in the following five (5) units.

NOTE:
Forage is stored in a silo for preservation by ensilage. The process involves the 


preserving of succulent fodder in closed pits or silos. The fodder thus preserved is 

also caned silage.

Forages are used mainly for feeding to ruminant livestock (cattle, sheep and goats) but are also important in the feeding of rabbits (pseudo-ruminants) and horses. The last two groups are sometimes referred to as hindgut fermentors or mono-gastric herbivores.  Forages may also be grazed by pigs but are not the principal feedstuff as they are in the main mono-gastric animals. Ruminant animals utilise forages well because they possess a large stomach (or rumen) which is like a fermentation vat and is capable of digesting the fibre (cellulose) in forages.  You could go back to Module:Unit 1 if you are unclear about this.

Special Instructions applicable to this module are:

Be sure to contact your LST so that you can visit the various types of farms in your area. Look ahead in your units and check out what type of location activities you will have to do.

Learning Objectives

The Learning Objectives of the module are for you to be able to identify the various types of forages suitable for satisfying the various nutritional needs of ruminant animals in the tropics and their age at optimal nutritional value. You will learn the various stages of growth for blooming and non-blooming plant, factors affecting this growth, the uses and effects of fertilizer, factors affecting forage utilisation and conservation, including the cost of forage production.

The Specific Learning Objectives of this module are as follows:

(
Nutritive Value of Forages

· to be able to understand the terms used to describe the stage of maturity of forages that bloom, and those which do not.

· to be able to describe the effect of the age of the forage on the Nutririve Value and Physical Composition of the forage material. 

(
The Nutrient Needs of Ruminants

· to be able to explain the nutrient needs of ruminants as they relate to forages as a source of feed for ruminants.

(
Factors Affecting Forage Production

· to be able to describe and explain the different types of forages (pasture grasses, pasture legumes, multipurpose trees and tree legumes, other forage crops).

· to be able to explain and describe the different factors affecting production.

· to be able to explain and describe fertilizer use on forages.

· to be able to describe methods of pest and weed control in forages.

(
Forage Utilization

· to be able to describe the factors affecting forage utilization.

· to be able to describe and explain the different methods of Forage Utilization

-
Pasture/Grazing Management

-
Cut and Carry System or Zero Grazing.

· to be able to describe the different methods of Forage Conservation.

(
The Cost of Forage Production 

· to be able to describe the different approaches at costing Forage Production.

At the end of this module, you should be able to grow and store forage for feeding to your animals.

MODULE 8 -- UNIT 1

  8.1. 
Nutritive Value of Forages

Quick Start h

In this unit you will learn about the nutritive value (the feeding value) of forages, the importance of this, and how forages are described.  You will also learn about how the age of a forage affects ite Physical and Chemcal Composition and Nutritive Value.

The Lesson /


The nutritive value of forages is closely dependent on the stage of maturity of the forage itself. The stage of maturity terms used to describe forages are grouped in two ways. One set of terms for plants that bloom or produce flowers and fruits (pods or seeds) and another set of terms for plants that do not bloom.  Tables 8-1 and 8-2 present the terms which are used by the National Research Council of the United States.

The nutritive value of a forage refers to its chemical composition, digestibility and nature of the digested products. It is best defined in terms of animal production response per unit of feed consumed.

Philosophically put it is:

Nutritive Value = ƒ (feed intake + feed utilization)
The nutritive value of a forage is a function of feed intake and the utilization of that intake by the ruminant or herbivorous animal.
I  U = M + P
Intake Utilisation = Maintenance + Production
Animal nutritional needs are met through the effects of Feed intake and the utilization of that feed intake by the animal. These nutritional needs are for Maintenance [keeping the animal alive at zero live weight change] and production. This production can be in terms of growth or live weight gain and milk production.
It is generally recognized that as the forages become more mature, their nutritive value falls. This is usually due to a fall in digestibility of the forage material as it ages and as the material becomes less leafy and more stemmy.  The one exception to this rule is sugarcane as a forage which increases in nutritive value as the material matures during the dry season.  The reason for this is that there is an accumulation of sugars in the stem as the plant matures.  You should be aware that the leaves are high in nutrients and low in fibre.  The stems on the other hand, are lower in nutrients than the leaves and higher in fibre.  As fibre is more difficult to digest than the other nutrients, the stems are therefore less nutritious than the leaves.

Table 8.1. Stage of Maturity Descriptive Terms of Forages for Plants that Bloom.

	PLANTS THAT BLOOM



	Preferred Term
	Definition
	Comparable Terms



	Germinated

Early Vegetative

Late Vegetative

Early Bloom

Mid-Bloom

Full Bloom

Late Bloom

Milk Stage

Dough Stage

Mature

Post Ripe

Stem Cured

Regrowth

Early Vegetative

Regrowth

Late Vegetative


	Stage in which the embryo in a seed resumes growth after a dormant period

Stage at which the plant is vegetative and before the stems elongate

Stage at which stems are beginning to elongate to just before blooming; first bud to first flowers

Stage between initiation of bloom and stage in which 1/10 of the plants are in bloom, some grass heads are in anthesis

Stage in which 1/10 to 2/3 of the plants are in bloom; most grass heads are in anthesis

Stage in which 2/3 or more of the plants are in bloom

Stage in which blossoms begin to dry and fall and seeds begin to form

Stage in which seeds are well formed but soft and immature

Stage in which the seeds are of doughlike consistency

Stage in which plants are normally harvested for seed

Stage that follows maturity, seeds are ripe and plants have been cast and weathering has taken place (applies mostly to range plants)

Stage in which plants are cured on the stem; seeds have been cast and weathering has taken place (applies mostly to range plants)

Stage in which regrowth occurs without  flowering activity; vegetative crop aftermath; regrowth in stubble (apples primarily to fall regrowth in temperate climates); early dry season regrowth

Stage in which stems begin to elongate to just before blooming; first bud to first flowers; regrowth in stubble with stem elongation (applies primarily to fall regrowth in temperate climates)


	Sprouted

Fresh new growth, before heading out, before inflorescence emergence, immature prebud stage, very immature, young

Before bloom, bud stage, budding plants, heading to in bloom, heads just showing, jointing and boot (grasses), prebloom, preflowering, stems elongated

Early anthesis, first flower, headed out, in head, up to 1/10 bloom

Bloom, flowering, flowering plants, half bloom, in bloom, mid anthesis

3/4 to full bloom, late anthesis

15 days after silking, before milk, in bloom to early pod, late to past anthesis

After anthesis, early seed, fruiting, in tassel, late bloom to early seed, past bloom, pod stage, post anthesis, post bloom, seed developing, seed forming, soft soft immature

Nearly mature, seeds dough, seeds well developed, soft dent

Dent, dough to glazing, fruiting, fruiting plants, in seed, kernels ripe, ripe seed

Late, seed over ripe, very mature

Dormant, mature and weathered, seeds cast

Vegetative recovery growth

Recovery growth, stems elongating, jointly and book (grasses)




Source: Nutrient/Requirements of Sheep, Sixth Revised Edition, National Research Council (NRC), 1985, Washington, D.C.

Activity L

1. Examine the above table. Find flowering forage plants in your locale in the various stages of bloom described in Table 8‑1. Prepare your own table, noting the plant name, time of year, and the preferred term description which is applicable to said plant.

Table 8-2. Stage of Maturity Descriptive Terms of Forages from Non-Blooming Plants

	NON-BLOOMING PLANTS



	Preferred Term
	Definition
	Comparable Terms

	1 to 14 Days Growth

15 to 28 Days Growth

29 to 42 Days Growth

43 to 56 Days

57 to 70 Days Growth


	A specified length of time after plants have started to grow

A specified length of time after plants have started to grow

A specified length of time after plants have started to grow

A specified length of time after plants have started to grow

A specified length of time after plants have started to grow


	2 weeks growth

4 weeks growth

6 weeks growth

8 weeks growth

10 weeks growth




Source: Nutrients Requirements of Sheep, Sixth Reprised Edition, National Research Council (NRC) (1985), Washington, D.C.

These classes are for species that remain vegetative for long periods and apply primarily to the tropics. When the name of a feed is developed, the age classes form parts of the name (i.e., Pangola grass, 15 to 28 days growth). For plants growing longer than 70 days, the interval is increased by increments of 14 days.

Activity P

1 . Examine the above table. Grow some non-blooming plants.  Be resourceful.  Call your LST or your agricultural extension unit, or even a local livestock grower to find out where you can obtain some cuttings or planting material at no charge or for a small fee.  Observe your plants during their various stages, taking notes describing their development and their measurements.  Plant enough so that you can also check plant root development at the various stages.

  8.1.1.

Age Versus Nutritive Value

The age of a forage regrowth is a good indicator of its nutritive value. Generally as the growth or age of the forage progresses, the nutritive value declines, as the percent Crude Protein (CP) and the Digestible Energy content of the plant material declines. In addition to the fibre (or the structural carbohydrate) content of the plant material also increases with age and this also makes the material more indigestible. The fact sheets on Bermuda Grass, Elephant Grass and Leucaena illustrate this very well. With those forages which flower, the best time to harvest is just before flowering and with those which do not flower, about 4 to 6 weeks regrowth.

Sugarcane as a forage is the one exception to the above. The sugarcane matures at about 10, 12 or 18 months, depending on the variety. Generally, the varieties grown in the Caribbean region mature in about 10 to 12 months or about 1 year. The stem is the main storage organ. As the sugarcane is approaching maturity, the sucrose or sugars accumulate in the stem. Thus, although as the sugarcane matures it is low in protein (3%), very high in fibre, it is also very high in soluble carbohydrates (sugars). This makes the sugarcane high in Digestible Energy. Therefore, very mature sugarcane is low in other nutrients but high in energy for your animal. See the fact sheets for further elaborations.
  8.1.2. 

Age Versus Physical Composition

The physical composition of the forage refers to what the plant consists of in terms of percentage composition of stem, leaves, inflorescence, and fruit/pods/seeds.

The chemical composition of forages is usually dependent on their physical composition. This is because different plant fractions have different characteristics, chemical or nutritive components, in higher quantities than others. The stem, for example, is usually low in protein, high in fibre and low in digestible energy. The leaf, on the other hand, is high in protein and digestible energy but low in fibre. So that as the plant matures, it becomes less leafy and more stemmy, with an increase in fibre content and a decrease in protein content, usually associated with a fall in digestible energy, and an overall decline in nutritive value. Got it?

Do's & Don’ts!

-
DO NOT use terms which apply to plants that bloom to those which do not bloom in the same name.

-
TRY TO AVOID grazing or harvesting forages which are very stemmy and show poor leafiness.

-
TRY TO AVOID letting forages flower or go into the reproductive stage before harvesting or grazing them.

MODULE 8 - UNIT 2

  8.2. Nutrient Needs of Ruminants

Quick Start h

This unit will be very brief.  If you would like additional information, you could refer to the Nutrient Requirement Tables of the National Research Council (NRC) of the USA.  There are individual booklets on the nutrient requirement tables for each species.

The Learning Objectives of this unit are for you to appreciate what nutrients are needed by ruminants, and to relate this to the nutritive value of forage species.

The Lesson /


The nutrient needs of any animal is dependent upon its physiological state. This is the term which best describes the animal stage of life or growth and its level of performance. The animal's levels of performance is dependent upon the reasons for feeding. Animals are fed for the following reasons:

(
Maintenance:   This is the level of feeding to keep the animal alive so that there would be no change in liveweight or by products produced.

(
Growth or Growth and Development: This is the feed which would be required above the maintenance feed to allow the animal to grow, develop and gain weight. Animals are fed for different levels of weight gain.

(
Production: This is the level of feeding above maintenance and possible growth for which the animal has to be fed to produce a product, e.g., milk, wool or hair.

(
Reproduction or products of conception .

(
Work
  8.2.1.

Nutrient Requirments of Dairy Cattle

As an illustration on ruminant nutrient requirements, study the following dairy cattle example.

The physiological states of Dairy Cattle are:

(
Milking


a) Early lactation


b) Middle lactation


c) Late lactation

(         Dry and Pregnant

(
Dry and Open

(
Replacement Heifers

(
Calves

(
Bulls

The macronutrient needs of lactating animals are as identified in Table 8-3 below.

Table 8-3. Macronutrient Needs of lactating Animal.

	Physiological State
	Nutrient Needs

	
	Protein (%CP)
	Energy

	Early Lactation

Middle Lactation

Late Lactation

Dry and Pregnant


	15-16

13-15

12

10-12


	High

Medium

Low

Low


You could refer to Modules 3,4,5 and 6 for the physiological state and nutrient needs of sheep, goats, dairy cattle and  beef cattle  respectively.

Suggested Reading

Nutrient Requirements of Domestic Animals, National Research Council, Washington, DC, 
2101 Constitution Avenue, NW, USA.

MODULE 8 – UNIT 3

  8.3. 
Factors Affecting Forage Production

Quick Start h

The Learning Objectives of this unit are for you to be able to identify the various factors affecting forage production by describing the types of forages, production factors, fertilizer nutrients and effects.

The Lesson /


The factors affecting forage production are the type of forage, weeds, pests, diseases, plant factors, climatic factors, soil fertility and levels of fertilizer application.

  8.3.1. Types of Forages

Forages could be grouped as Pasture Grasses, Pasture Legumes, Multipurpose Trees and Tree Legumes and other Forage Crops.

  
8.3.1.1. Pasture Grasses


Grasses are monocotyledons and belong to the family: Gramineae. They are characterised by generally cylindrical joined stems, nodes, internodes, leaf blades, leaf sheaths, and inflorescences. Tropical pasture grasses are generally perennials and will go on producing forage for several years if you properly manage them and efficiently harvest them according to the needs of each grass. The important agronomic requirements relate to:


(
Rainfall (especially its reliability and distribution)


(
Soil



• fertility,  structure, texture,  acidity, neutrality or alkalinity


(
Topography (including slope and drainage).


Tropical grasses are generally established vegetatively by cuttings. Only a few of them can be propagated or planted by seed (at the rate of 15-20 kg of seed per hectare), but their seed usually has a low germination rate (10-15%).

  
8.3.1.2. Pasture Legumes


Pasture legumes are dicotyledons and belong to the family, Leguminosae. Their structure is typical of pea-type plants m appearance.

Pasture (forage) legumes may exhibit a twining, trailing and climbing or prostrate habit. They also have specific requirements in respect to rainfall (or moisture), soils and topography.

All pasture (forage) legumes possess root nodules which enable them to fix atmospheric nitrogen, therefore except at establishment there is generally no need for inorganic nitrogen fertilizer application.

In the temperate climates it has been suggested that legumes transfer some of the nitrogen that is fixed to the grass in the pasture. Rhizobia
 in their root nodules promote nitrogen fixation. However, in the tropics this approach has not met with success.

Pasture (forage) legumes have a higher level of crude protein in their forage than grasses and usually average 20% crude protein or higher in their dry matter.

NOTE:
 Pasture legumes have a specific requirement for the nutrient phosphorus.

Pasture legumes are usually established by seed which have good germination, but in some cases the seeds need to be scarified does this mean scratched or to stir the surface of the soil? where the seed coat is hard.

Activity L

Please turn for further reading to:

Ahmed, B., September 1986. Fact Sheet, Growing Forage Legumes, Caribbean Agricultural Research and Development Institute (CARDI), Order No. AP-F/21.86 (4 pages).

Proverbs, G.A. and Quintyne, R.C., May 1992. Fact Sheet, A Guide to Better Pastures, Caribbean 
Agricultural Research and Development Institute (CARDI), Order No. AP-F/8-83 (4 pages).

Proverbs, G.A. and Williams, J.R. Fact Sheet, Improve Your Pastures: A Sowing Guide for Grasses and Legumes, Caribbean Agricultural Research and Development Institute (CARDI), Order No. AP-F/11-83 (4 pages).

  
8.3.1.3. Multipurpose Trees and Tree Legumes

Multipurpose Trees and Tree Legumes are plants ranging from small shrubs to relatively large trees. The Tree Legumes have similar morphological structure to the other pasture (or forage) legumes except that they grow into trees or shrubs. Their forage is to be found relatively high above the ground and it is therefore necessary for animals to browse them, or they need to be cut back to a suitable height (coppiced) for forage regrowth and kept at hedge height.  Managed in this way, the tree legumes would prove to be very suitable for goats.

They may be utilised as Protein Banks (or reserves) or as special purpose pastures, and used for the dual purpose of live fencing and also for browsing in the same pasture.

Tree legumes generally produce profuse quantities of good seed and may re-seed themselves (as do other pasture legumes). A separate fact sheet on Multipurpose Trees would be given later in the course. 
Activity L

Please turn for further reading to:

Paterson, Robert, June 1993. Fact Sheet, Tree Legumes for Livestock and Crop Production, 
Caribbean Agricultural Research and Development Institute (CARDI), Order No. 


AP-F/31-92 (4 pages).

  8.3.1.4. Other Forage Crops

Other forage crops include the grass type forage crops such as sugarcane (Saccharum officinarum), maize or corn (Zea mays) and sorghum (Sorghum almum).

They all give high yields of dry matter, but you have to manage them somewhat differently from pasture grasses in that they are usually grazed or cut at predetermined intervals (between 5 and 10 weeks of re-growth). Some special forage types like sorghum and maize can be managed for grazing, but these forages (or fodders) are excellent for silage production.

Sugarcane, on the other hand, should not be grazed, but rather should be allowed to mature until it is rich in sugars and high in digestibility. It has to be processed by chopping of the whole plant before it is fed to ruminant animals, or it may be ensiled before feeding. The chopped sugarcane has to be supplemented with protein and minerals. The one advantage of sugarcane is that it could be harvested once or twice per year without any loss in nutritive value.

You can also feed the stems of other crops such as sweet potatoes, bananas (pseudostems) and peanuts (haulms) for their forage value.

Activity L

Please turn for further reading to:

Paterson, R.T., Philip, P. and Maynard, P., June 1986. A Guide to Improved Pastures for the Drier Areas of the Eastern Caribbean,  Caribbean Agricultural Research and Development Institute (CARDI), Leeward Islands Unit, POB 766, St. Johns, Antigua, an Output from EDF Project No. 5100 33 94 041, Technical Assistance to CARDI (8 pages).

Proverbs, Gerald A. and Asiedu, Francis H., June 1994. Fact Sheet, Siratro, a Drought Tolerant Forage Legume for Drier Parts of the Caribbean, Caribbean Agricultural Research and Development Institute (CARDI), Order No. AP-F/3 1-92 (2 pages).

Robin, Gregory and Rolle, William, February 1990. Fact Sheet, Producing Elephant Grass for a ‘Cut and Carry’ System.  Caribbean Agricultural Research and Development Institute (CARDI), Order No. AP-F/29-90 (2 pages).

  8.3.2.

Weeds

Weeds reduce your pasture productivity as they compete with the desirable pastures and forage (fodder) crops for nutrients and space. You should manage your pasture crop in such a manner that they cover most of the pasture area in order to keep the weeds (undesirable plants) to a minimum. You should try to achieve good coverage of the pasture by the selected forage. Good drainage, a proper fertilizer programme and prevention of overgrazing or too intensive cutting (defoliation) of pastures is required. Undesirable grasses or broad leafed plants in pastures may become serious weeds if pastures are not cared for properly and suitable herbicides may have to be applied for their control. (Be sure to read and follow directions carefully on all herbicides and pesticides. If caution is not used, their residues can appear in your milk products.) Some weeds are difficult to control and have to be stumped out.

  8.3.3.

Pests

There are a number of pasture pests including various leaf-cutting and stem-cutting or boring insect pests and rodents. Usually, vigorous pastures and the use of forages that are tolerant or resistant to the dominant pest enable your pastures to be kept free of pests.

However in many areas, insect pests of sugarcane and food (particularly vegetable) crops may become pests in pastures on both grass and legume forages. They may be controlled by the use of the same pesticides as used on the food crops applied to the pastures or other forage crops. Browse legumes such as Leucaena may be attacked by specific insect pests (e.g., Psyllid bug).

  8.3.4.

Diseases

Pastures and forage (fodder) crops are also susceptible to diseases especially fungal and bacterial diseases. Pasture legumes are more vulnerable to these diseases than pasture grasses, except with viral diseases (such as Pango Stunt Virus or Mosaic Virus first observed in Guyana), where resistant pasture species will need to be used.

Diseases of pastures usually result in serious loss of vigour and leaf damage, thus, reducing your pasture yield and productivity. Vigorously growing productive pastures are less likely to be overcome by fungal and bacterial diseases.  It is possible to use chemical applications of suitable fungicides and bactericides but these are expensive.  You may have to decide to replant the pasture if the disease is serious.

  8.3.5.

Plant Factors

Grasses and pasture legumes are the conventional forages (or fodders) and are best utilised by ruminant animals when they are in a leafy state at their highest nutritional quality.  When they are allowed to mature and become “stemmy”, their quality falls and a lower level of animal performance will result, or your animals will lose weight as their nutrient requirements will not be met.

A high leaf to stem ratio in forages in pasture or browse plants will give the best results in animal performance. The use, nutritive value of the forages, productivity and yield and ultimate performance by your animals are first affected by the plant species itself, then the plant's persistency.

8.3.6.

Climatic Factors

The three (3) most important climatic factors affecting forage production in the Caribbean are:

(
Light

(
Temperature

(
Rainfall and Moisture Considerations

Light

In the Caribbean variations in radiation is relatively small. It is possible to have a higher pasture yield in the dry season with irrigation than in a wet, rainy season.

However, light (short day lengths) will affect the productivity of both grasses and legumes which are photoperiodic; i.e., those which reduce vegetative growth and initiate flowering during the short days of the year, as in the case of pigeon peas.

Temperature

Temperature does not have a direct effect on pasture growth in the Caribbean region. In some tropical species, increasing temperatures also increases tillering; whereas in others, leaf size is increased.

It is generally felt that 1°C increase in growth temperature results in 1% unit decrease in digestibility for tropical grasses, but apparently this has no effect on tropical legumes. Cell wall content seems to increase with increasing temperature; again, potentially affecting digestibility. However, this is not a major limitation in the Caribbean.

Moisture and Rainfall Considerations

Total rainfall only gives an idea of the relative wetness of an area and is not always a very useful agronomic index. With respect to water availability and rainfall, the more important parameters are:

(
Rainfall Distribution (daily, weekly, and monthly)

(
Rainfall Density (frequency of storms, etc.).

Land preparation would normally take place after some rain has fallen at the beginning of the wet season, to soften the soil.  This is a standard recommendation, however, in some areas, it is a very different situation.  In some Caribbean areas (like Nevis) the rainfall pattern is very unpredictable. In those areas, the experience and wisdom or judgment of the local farmers must prevail .

NOTE: You should make efforts to plant at a time when you expect to have at least two months of rainfall to encourage the growth, rooting and tillering of your establishing forage.

  8.3.7.

Soil Fertility and Levels of Fertiliser Application

Soil fertility is dependent upon:

(
The nutrient status of the soil

(
The ability of the soil to release to the forage an adequate supply of nutrient for 
production, and

(
Indirectly upon the weather conditions prevailing at a particular time.

Fertilisers contain the nutrients Nitrogen (N), Phosphorus (P), Potassium (K) and minor elements that promote plant growth. To you, the livestock farmer, fertilisers have three important implications, namely:

(
The cost of the fertiliser and its applications

(
The dry matter yield response to the fertiliser applied, and

(
The improvement in the nutrition value which the applied fertiliser could promote in 
the plant

The need for fertiliser would be dependent on the chemical composition of the soil, the nutrient availability to the plant within the soil complex, and the type of response to the applied fertiliser which could be expected by the plant species in question. Vincente-Chandler, et al/. (1974) strongly demonstrated that very high dry matter and forage nutrient yields could be obtained from tropical grasses that have been adequately fertilised.

Table 8-4.  BIG THREE Fertiliser Nutrients

	FERTILISER NUTRIENT
	Nitrogen (N)
	Phosphorus (P)
	Potassium (K)

	PURPOSE
	Leaf and stem growth
	Root formation
	Growing root and shoots and flowers formation

	STABILITY IN

THE SOIL
	Easily leached
	Fixed by some soils
	Not easily leached

	TYPES OF

FERTILISERS IN

WHICH

AVAILABLE


	Pen manure, compost, urea, Sulphate of Ammonia
	Pen manures, compost, mixed fertilisers, bone meal, triple super sulphate
	Pen manures, compost, mixed fertilisers, Potash, Potassium Nitrate

	NUMBER OF

APPLICATIONS

RECOMMENDED
	Grasses

Usually after every harvest in the rainy season but may be more frequently applied.

Legumes

May be applied in the seeding stage.

DO NOT apply to legumes with active rhizobia


	Usually two per annum but when applied as mixed fertiliser the number of applications will increase


	At least once per annum


  8.3.7.1. Types of Fertilisers Used in Forage Production

  Organic Fertilisers

Organic Fertilisers are derived from plant and animal origin, e.g., bone meal, compost, and pen manure. They are very variable in composition but their application to the soil improves its pH, mineral content and structure.

  Inorganic Fertilisers

Inorganic fertilizers are chemical compounds of one or more minerals, e.g., potash, urea, sulphate of ammonia, and triple superphosphate.

Compound/mixed fertilisers are inorganic fertilisers that are blended to produce a ratio of elements usually N:P:K, e.g., 15:10:5 or 20:20:13.

 Remember, the three (3) major elements used in forage production are Nitrogen, Phosphorus     and Potassium.

  8.3.7.2. Factors Affecting Fertiliser Rates

The amount of fertiliser to be applied will depend on the:

(
Soil type

(
       Needs of the plant

(
Weather conditions

  The Soil Type

In the Caribbean over 60% of the soils are acidic. In areas with acidic soils farmers should limit their use of acid yielding fertilisers such as ammonium sulphate. The use of organic fertilisers will be advantageous because they reduce soil acidity and assist in the formation of soil aggregates.

Further, when forages are produced on phosphorus fixing soils, it is necessary for you, the farmer, to apply excess phosphorus to supply both the soil and the plant needs.

  Needs of the Plant

The two main classifications of forages utilised in the Caribbean are monocots (grasses, cereals and sugarcane) and legumes.

The principal differences between these two groups is that legumes have a symbiotic relationship with rhizobia which live in the roots of the legumes. Rhizobia manufacture nitrates from atmospheric nitrogen. Thus, there is little need to apply nitrogenous fertilisers to legumes once the rhizobia are actively functioning.

Further, the rhizobia have a need for adequate quantities of the elements, calcium, phosphorus, and potassium to function efficiently. The general principle is that legume forages need adequate fertilizing with calcium, phosphorus and potassium but NO NITROGEN.

Grasses and other monocots nevertheless, need supplies of nitrogen, phosphorus and potassium and any other element as determined by soil tests.

  Weather Conditions

Moist soil conditions and/or a light rain in the absence of irrigation are needed to dissolve and distribute the fertiliser through the soil and to the plant roots.  Excess rain causes leching and thus wastage.  Very dry soil conditions limit the use of the fertiliser by the plant, and in the case of volatile compounds (e.g., urea), they may be lost in the atmosphere.

Management Techniques

The more frequent the harvesting technique, the  more productive the forage and subsequently the greater the need for fertilising the crop.

  8.3.7.3 Fetiliser Conditions

The  mineral content of the fertiliser is stated as a percentage.

NITROGEN


Sulphate of Ammonia

=
21%N



Urea

=
45%N


15:10:5
=
15%N, 10%P, 5%K


20:30:21
=
20%N, 20%P, 21%K
PHOSPHORUS


Superphosphate


=
16-15%P
Bone Meal



=
23-30%P

Triple Superphosphate
=
40-47%P
POTASSIUM


Potassium Nitrate


=
44%K

Potassium Chloride

=
48-60%K

Potassium Sulphate

=
48-50%K
To apply 50kg N/ha using sulphate of ammonia, the following must be calculated:

If Y = Total amount of unknown fertiliser needed.

and Sulphate of Ammonia = 21%N,

then 


Therefore Y = 50 x 100

21

Assuming 1 bag = 50 kg

Then we need 4.8 bags of Sulphate of Ammonia

  8.3.7.4. Method of Applying Fertiliser

  Broadcasting

Fertilisers are scattered evenly over the field. Care must be taken to ensure that the fertilisers are distributed evenly. The fertiliser may be left on the surface or worked into the soil by tilling or ploughing.

  Top Dressing

When the fertiliser is broadcast after the forage has grown, it is said to be top dressed.

  Side Dressing

This method is used primarily for bunch grasses e.g. Elephant grass or Guinea grass or corn and tree or shrub type legumes (e.g. Leucaena). The fertiliser is placed either around the stool or plant approximately four (4) inches from the plant or fertiliser is applied in a continuous line down the row.

Activity L

Please go and read now Overman et al. (1991) on Bermuda Grass Production in Florida.  The tables and graphs therein will show the relationship between level of fertiliser applied, season, age of plant, crude protein content of the forage and yield of Bermuda grass, (Cynodon Dactylon), grown in Florida, U.S.A. The following are the main points:

(
Figure 8-1 shows that dry matter yield increases as the level of nitrogen applied goes from 0 to 500 lbs per acre.

(
That the yield response was depressed in the dry season, suggesting that water or 
rainfall was critical to promoting a response to nitrogen applied illustrated in 
Figures 8-1, 8-2, 8-3  and Table 8-5.

(
A harvest interval of six weeks gave a higher dry matter response to the fertiliser 
applied than a harvest interval of four weeks as shown in Figures  8-1, 8-2 and 8-
3.

Figure 8-1. Effect of Applied Nitrogen (N), Harvest Interval and

Season on Annual Yield [Dry Season]




Figure 8-2. Effect of Applied Nitrogen {N), Harvest Interval and, Season on Annual/ Yield [Optimum Season]

[image: image1.wmf]
Figure 8-3. Effect of Applied Nitrogen (N) and Harvest Interval on Crude Protein
[image: image2.png]



In studying Figure 8-3 in the reading, you should note two things:

(
That the percentage of CP (crude protein) of the forage was higher at a four (4) week harvest interval than that obtained for a six (6) week harvest interval.

(
The CP of the forage increased as the level of N (Nitrogen) applied increased.

The example cited above is illustrative of a tropical grass which shows responses when nitrogen is applied. You should also note, however, that each grass species will respond uniquely to the fertiliser applied based on the soil and site factors. More detail on specific grass responses to fertiliser can be obtained from Skerman and Riveros (1990) from their information on each listed grass species.  This is a reference text which should be available at your Ministry of Agriculture library.

Table 8-5. Estimates of Crude Protein and Dry Matter for Bermuda Grass Harvested Every 6 weeks





Optimum Season
Dry Season

 Applied N
Crude Protein
Dry Manner
N Removal
Dry Matter
N Removal

 lb/acre

%

tons/acre
lb/acre

tons/acre
lb/acre



100

9.2

5.0

150

2.5

75


200

11.0

7.0

250

3.5

125


300

12.2

8.8

340

4.4

170


400

13.1

9.8

410

4.9

205


500

13.8

10.4

460

5.2

230

The above table from Overman et al. (1991) ilusrates some important points about Nitrogen removal by the forage.

Tropical forage legumes also show response to fertilisers. However, conventional wisdom suggests that nitrogen fertiliser application may not be necessary for legumes, as they fix atmospheric nitrogen in their root nodules. Legumes therefore have been known to show a forage production response to applied phosphorus fertilizer.  The responses to fertilizer by the specific forage legumes have been well documented by Skerman, Cameron and Riveros (1988) and you should consult this authority if you need elaboration on any forage legume.

8.3.8.

Weed Control

Weeds are one of the major drawbacks to the establishment of forages, as they compete with the desirable establishing forage species for soil nutrients and light; in addition to which they smother the latter and sometimes harbour pests. The best form of weed control lies in good land preparation and tillage, in which the aim would be to invert to soil and as "Lord" Byron of Nevis says:

Turn up the roots of the weeds to face the sun.

This ideally would require that after tillage the land is left to fallow for about a month to let the weeds die or for those which survive to resprout. Second tillage or spraying with a herbicide before planting would then take care of the germinated weeds. Before planting one could use a suitable (i.e., to kill the weeds present) pre- or post-emergent herbicide.

After the forage crop has been planted it is necessary to knock out the emerged weeds as easily as possible to minimise competition.

Another approach to weed control is the use of high density planting, either with the forage on its own or by planting the forage with a companion crop. This companion crop should:

(
Have good economic value

(
Grow quicker than the desirable forage species

(
Should not be easily harvested, and

(
Should not have pests which could destroy the desirable forage

NOTE:

An example of such an association would be planting leucaena  or gliricidia  seed with corn seed planted at high density. This would be done during the training session. The corn if well managed would grow rapidly, smother the weeds and compete with the leucaena or gliricidia for light. This would force them to grow up to fight for the light. After the corn is harvested the ears could be sold, the stems fed to stock, and the returns from this could meet the cost of establishing the forage (i.e. the leucaena or gliricidia).

  8.3.9.

Pest and Disease Control

This is necessary with any crop and when these are observed, advice should be sought from the crop extension officer on how to proceed.

References
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MODULE 8 - UNIT 4

  8.4. Forage Utilisation

Quick Start h

The Learning Objective of this unit is to discuss the different ways in which we use forage after it has grown.  Forage utilisation has to do with the amount of dry matter available to the animal, the amount that is eaten (intake of dry matter) by the animal and the percentage of the ingested nutrients which is retained in the animal's body or converted into animal product.

The Lesson /


  8.4.1.

Factors Affecting Forage Utilisation

More simply put, the utilisation by your animal of the forage grown is affected by:

(
The amount of forage on offer to the animal

(
The acceptability or palatability of the forage to the animal

(
The amount of forage dry matter ingested or taken in by the animal (Dry Matter Intake)

(
The digestibility of the nutrients from the ingested forage, and

(
The retention within the animal of the digested nutrients.
Therefore, from your standpoint as a livestock farmer, the key aspects of ensuring proper utilisation would be for you to:

(
Ensure that the material is harvested or grazed at the best stage of maturity or nutritive 
value

(
Match the animal to the forage and/or

(
Harvest as much of the forage as possible at the right time and ensure that it is eaten by the animal.

Activity L

Please turn for further reading to:

Logan, J. and McLeod, D.S., 1982. Performance of Jamaica Red Poll X Hope Steers on Grass and Grass/Legume Pastures, Paper presented at IV Regional Livestock Meeting; Regional Livestock  Development Programme, Georgetown, Guyana, organized jointly by Department of Livestock Science, Faculty of Agriculture, The University of the West Indies, St. Augustine, Trinidad and Ministry of Agriculture, POB 1001, Vlissengen Road, Georgetown, Guyana (4 pages).

McLeod, D.S ., 1982. Liveweight Gaits of Jamaica Red Poll Bulls 0s7 Fertilized Cynodon and Brachiaria Pastures under Rotational Grazing System, Paper presented at IV Regional Livestock Meeting;  Regional Livestock Development Programme, Georgetown, Guyana, organized jointly by Department of Livestock Science, Faculty of Agriculture, The University of the West Indies, St. Augustine, Trinidad and Ministry of Agriculture, POB 1001, Vlissengen Road, Georgetown, Guyana.

  8.4.2.

Methods of Forage Utilisation

Thw methods of forage utilization include Pasture/Grazing Management, Cut and Carry, and Forage Conservation.

8.4.2.1. Pasture/Grazing Management

The main objectives of grazing management are:

(
To maintain a high production of good quality forage for the longest possible 
period.

(
To maintain a favourable balance between herbage species.

(
To achieve efficient utilisation by the animals of the forage produced.

(
To achieve a high level of animal production.

(
To achieve all of the above in the most economic manner.

Fairly close grazing promotes tillering, but too frequent defoliation, especially in the early stages of growth, retards growth and root development. This leads to diminished vigour and ultimately the replacement of the desirable species with the undesirable species and weeds. Undergrazing or lax grazing leads to a fall in the nutritive value of a pasture. However, low grazing is essential for tall stoolforming grass species whereas stoloni-ferous grasses are able to withstand close grazing.

With the above-mentioned objectives in mind, an examination will now be made of the principles involved in selecting the optimum stocking rate and the suitable stocking methods. 

[You may wish to note that these principles underlie the grazing management system of the St. Stanislaus Model, Module 5: Unit 8)].

  8.4.2.1.1. 
Principles involved in Selecting the Optimum Rate

Animal production in the product of production per head multiplied by number of head per hectare. There are a number of terms to describe this relationship of which stocking rate is the simplest.

Stocking rate is the number of animals carried per unit area of pasture at a particular time and it is the most important factor in determining the animal production from that pasture. In any animal production grazing system, two measurements of production are important. These are output per animal, and output per unit of land. If grazing pressure is low (under-grazing), output per animal is high, and declines as grazing pressure increases to very low outputs at high grazing pressures (overstocking). Output per unit area, however, is low under conditions of under-grazing, rises to a peak as grazing pressure increases, and falls again with any further increase with grazing pressure (overgrazing). Grazing pressure, i e, stocking rate, for maximum productivity would therefore be in the range where the two productivity curves coincide.  The stocking rate is expressed as Animal Units/Unit area.  An animal unit is equivalent to a 800 lb cow.

Carrying capacity aims to define the long‑term stocking rate and integrates short‑term fluctuations in stocking rate. It describes the optimum stocking rate that can be safely sustained. It is defined as the area of both grazing land and land used to produce fodder crops (ha) which is required to support an animal unit in good productive or reproductive condition for a full year without deterioration of pasture and soil.

Certain factors must therefore be considered when determining the optimum stocking rate for any enterprise:

  Amount of pasture grown

More animals can be carried per unit area if measures are taken to increase pasture productivity.

  Effective use of area

If correct attention is not paid to stocking rate, then there may be under-utilisation of areas of the farm leading eventually to under-grazing with the accompanying drop in production per unit area.

  Needy for selective grazing

Animals improve the quality of their diet by selectively grazing the more nutritious parts of the pasture (leaf), in preference to the less nutritious parts (stem and dead material). Thus in a pasture of low nitrogen content animals may select a diet of a higher nitrogen content. Stocking rate must therefore be adjusted so that animals can graze selectively, thus increasing production.

  Maintenance of desirable botanical composition

Very heavy stocking rates may cause the disappearance of the more valuable perennial grasses and legumes. This gives rise to an abundance of weeds which, at best, depresses animal production and, at worst, may lead to poisoning of the animals.

  Vulnerability to erosion

Severe over-stocking may lead not only to the disappearance of desirable species and invasion of weeds, but also to the appearance of bare ground, which leaves the area vulnerable to erosion on the onset of rains.

  Reliability of rainfall

In areas where there is great variability in rainfall both within and between years, it would be very difficult to predict rainfall, and thus to adjust stocking rate. In these cases farmers may have to understock in good years to avoid problems of pasture deterioration if the following day spell is unusually harsh.

  Access to other feed sources

Stocking rate may be increased if the farmer has access to feed sources other than normal pasture growth. These may arise from pasture conservation, purchase of concentrates, and the use of irrigation to increase pasture growth, and a successful dairy enterprise draws heavily on feed from these sources.

  Herd composition and access to markets

Dairy farmers are much more susceptible to teed shortages than beef farmers. Whereas a beef farmer can sell his surplus stock during a dry spell, if a dairy farmer sells part of his milking herd he would take a very long time to rebuild the herd to its former strength.

  Nature of saleable product

Milk production is the most sensitive form of animal production to nutritional stress. Farmers therefore could have a higher stocking rate for beef animals than for dairy animals on the same pasture.

  8.4.2.1.2. 
Suitable Stocking Method for High Milk Production

Closely allied with stocking rate is the stocking method used.  A farmer's holding may be 30 hectares with 60 cows, so that his carrying capacity is 2 animals per hectare.  If on the other hand he has the 60 cows in a 10-hectare pasture at any one time, then his stocking rate is 6 animals per hectare.  The effect of 6 animals per hectare on the pasture would be different from the effect of 2 animals per hectare, so that although his carrying capacity is 2 animals per hectare, his method of manipulating the animals i.e. his stocking method is just as important.

The main methods of grazing (grazing systems) are:

· Continuous grazing

· Rotational grazing

· Zero grazing

· Deferred grazing
  Continuous Grazing

Continuous grazing is a management system whereby animals are confined within a single enclosed pasture area for the entire grazing season.  The system may be set stocked i.e. the number of animals are kept constant or variably stocked i.e. numbers are varied according to pasture available but some animals are present on the pasture at all times.

Advantages include less fencing, easier to manage, offers the animal a choice. Disadvantages include spot grazing, wastage of material, parasite build up, inflexibility, limited animal management.

  Rotational Grazing

Rotational grazing requires that the pasture is subdivided into a number of enclosures with at least one more enclosure than groups of animals. The farmer can thus control the frequency and intensity of grazing and selection by the animal is restricted.

The system can either be a high utilisation grazing (HUG) system where the animals are kept until all material is eaten, also called non-selective grazing (NSG), or it can be high production grazing (HPG) where the animals graze for a short time selecting the most nutritious herbage then moved so that potential for production is highest – also known as controlled selective grazing (CSG). There can also be set rotation where animals are grazed in a set sequence or deferred rotation where critical phases in the plant's growth cycle are recognized and the pasture is rested during those periods.

Rotational grazing system can be modified into

1.
Strip grazing of told grazing whereby the area is divided into strips and 
animals are kept in smaller areas. Strips can become progressively larger, 
or a back fence could be used to keep the area small.

2.
 Top and bottom grazing or leader-follower grazing where animals with 
the highest nutrient requirements are grazed first, followed in sequence by 
animals of lower requirements.


Example. Heifer calves < lactating cows < dry cows

3. 
Restricted grazing - grazing time is restricted, and animals are fed indoors.

4. 
Mixed grazing - a mixture of species grazing together ego., cattle and 
sheep.

5.
Creep grazing - young stock allowed first bite of pasture through small 
openings in the fence.

  Zero grazing

Zero grazing or cut and carry is a system where forage is cut and taken to the animal. It is preferred because of

• Predial larceny

• Small producers are usually landless and

• Large producers wish to utilise land more efficiently .

Under this system farmers have a number of options available:

1. 
PURE GRASS SWARDS - here the more erect grasses can be chosen - 
elephant grass, guinea, king, Guatemala, etc. It must be remembered that 
fertiliser must be used for efficient production, and animals should be 
supplemented with an energy source;

2. 
LEGUMES - however the slow growth rate after defoliation limits its use 
as the sole forage;

3.
 PROTEIN BANKS ‑ legumes, especially tree legumes, are planted on an 
area to supplement the grass so that a grass/legume mixture can be fed to 
the animals.

4.
ALLEY CROPPING - involves the planting of leguminous or other soil-
improving fodder trees in rows within arable crop farms. The trees are 
managed to provide mulch on a continuous basis to maintain soil fertility 
and to provide fodder at critical periods for livestock.

5. 
ALLEY GRAZING - is the grazing of alley farms by livestock during 
periods when no crops are carried on the land. The animals may graze on 
crop residues, natural weed growth and tree regrowth. Animal 
management poses a number of problems particularly with small farmers.

6.
COMMUNAL PASTURES AND ROADSIDE CUTTING - Many small 
ruminant farmers are landless, and depend on roadside material and 
communal grazing. This system has advantages and disadvantages.

Advantages

Among the advantages are:

• Accessibility

• Provision of variety in the diet

• Reduction in the requirements for purchased concentrates

• Reduced cost of feeding

• Labour intensive but labour normally family labour

• Small overhead costs

Disadvantages

Disadvantages include:

• Some forages may be toxic

• Farm usually harvests material to give the greatest return for human effort

• The amount of forage per animal is usually too small to allow for selection

• Animals depend on the farmer, thus if feed is low in quality animals intake is restricted

• Excreta is usually lost from the system so fertility in those areas decline.

  Deferred Grazing

This system involves setting aside certain pastures for use at a later stage. It can be used if there is an over abundance of feed in the growing season so that maximum use can be made of all forage grown.

However, because of the decline in nutritive value in maturity and age, the feeding value of the deferred material will be low so that it will only provide a maintenance ration. This may be important in the dry season when supplements can be provided.

  8.4.2.1.3. Use of Electric Fencing as a Grazing Tool

See Module 5: Unit 8. 

  8.4.2.2. Cut and Carry

One of the major constraints in livestock production in the Eastern Caribbean is inadequate nutrient intake. Most cattle sheep and goats either free graze or are tethered on native grasses along roadsides, on fallow lands, or under coconut trees. There is some irregular feeding of chopped sugarcane stalks and tops, other crop byproducts and residues such as banana pseudostem and fruit, lime and grapefruit pulp, coconut meal, wheat/rice bran and molasses.

Characteristics of a cut and carry system:

• The Plant

• Location

• Harvesting Method

• Feeding Methods

• The Animals

• Labour

• Animal Housing

Improved grasses although rarely seen or utilised are a cost effective solution to increasing nutrient intake. CARDI’s work in Dominica and the Eastern Caribbean has shown that Elephant grass (Pennisetum purpureum) is one of the most suitable grasses to grow in a ‘cut and carry’ system for ruminant production. Sugarcane can also be used in this way but with feed supplementation.

Characteristics

Elephant grass is an erect grass which resembles sugarcane and grows in clumps. It has very tough, strong stems and grows up to 4. 5m ( 15 ft) tall . The grass shows a strong response to fertiliser, providing soil moisture is adequate, and high yields of a good to fair quality forage are obtained under a 5 to 8 week cutting sequence in areas receiving more than 1000 mm (40 in) annual rainfall. It can be grazed but is best adapted to feeding fresh ("cut and carry") or preserved (silage). It grows best on fertile soils of moderate to heavy texture and shows good tolerance to drought and periodic waterlogging. The seeds are of low viability necessitating propagation by stem cuttings.

Establishment

• Location
For convenience in transportation, plots should be located as close as possible to the animal feeding area.

• Land Preparation

In new pasture establishment the land should be thoroughly prepared before planting. On flat lands and where a tractor is available the existing vegetation should be reduced through close grazing, brush cutting and/or spraying (Gramoxone, Fusilade, or Round-up) followed by ploughing then harrowing or rotovating. On sloping land or in areas where a tractor is not available, the existing vegetation should be removed as described above followed by use of a matox, or a similar type of tool to dig shallow 2.5-5cm ( 12 in) furrows 30 cm (1 ft) apart across the slope. Alternatively, the soil should be thoroughly tilled followed by furrowing.

Planting

Elephant grass is mostly planted from cuttings, which are best selected from hard stems about 6 months old. Several planting methods can be used:

• 3 - 5 node cuttings (or complete stems) can be laid in furrows 30 cm (1 ft) apart and covered completely with 2.5 - 5 cm ( 1-2 in) of soil .

• Rooted tillers can be planted upright.

• Clusters of three 3-node cuttings can be planted 30 cm (1 ft) apart at an angle with two nodes below ground. Within each cluster cuttings should be 8 to I 5 cm (3-6 in) apart. This method is currently used by CARDI in Dominica.

Time to Plant

The best time to plant Elephant grass cuttings is shortly after the first rains at the beginning of the wet season. The earlier in the season the grass is planted the sooner the forage can be cut.

Management

Good grass management is equally as important as selecting the right species and establishing them correctly in the proper location.

Weed Control

An early application of fertiliser directed to the grass will allow you rapid establishment and reduced weed competition in the first 6 weeks. When the grass is fully established it restricts the growth of weeds by forming a canopy .

Fertilizing

Elephant grass like any other crop grows best when it has an adequate supply of all the necessary nutrients. Application of fertiliser and/or manure is therefore important. A basal application of NPK fertiliser ( 15: 15: 10 or 16:8:24) at a rate of up to 100 - 150 kg per hectare (lb per acre) should be given and ammonium sulphate at 150 kg per hectare two to three weeks after planting. Ideally further fertiliser (up to 200 kg per ha) should be applied after every cutting. Because of financial and other constraints this may not be possible. However, an effort should be made to fertilise after every other cutting. Fertiliser should not be applied during prolonged dry weather.

Harvesting

The total yield of Elephant grass increases with age, but it becomes less nutritious. It is important therefore to select a correct cutting interval. A cutting interval of 5-8 weeks will provide a reasonable balance between high yield and high nutritive value. Enough grass should be cut on a daily basis to provide for the needs of the animals. In order to avoid having too much mature fodder at the same time it is desirable to stagger the plantings. Where the growing season is long enough, 3 or 4 plantings could be done at intervals of 3-4 weeks.

Height of Cutting

The height to which Elephant grass is repeatedly cut can seriously affect yields and even its survival. Higher yields are obtained with a low rather than with a high cut. Cutting heights have no apparent effect on the protein content of the grass. The first cutting should be about 15 cm (6 in) above ground; subsequent cuttings can be at 5 cm (2 in). However too frequent low cuttings (5 cm) can sometimes cause grass clumps to die back. Therefore it is wise to alternate with a 15 cm (6 in) cutting after two 5 cm (2 in) cuttings .

Feeding

Animals should be supplied with fresh-cut, wilted or ensiled grass two to three times per day. The grass may be chopped to reduce wastage. Concentrates and minerals may be added to improve treed value. The teed should preferably be placed on a rack or bush rather than on the ground. A 300 kg animals will require about 35 kg of fresh or about 25 kg of wilted grass or silage per day. The amount of Elephant grass fed will depend on other available grazing.

Table 8-6.  Stocking Rate for Cattle Fed Cut Elephant Grass Grown Under a Moderate Fertiliser Regime

	Area of planted grass
	Maintainable 
numbers of cattle *

	Hectares
Acres
	

	0.5
1.2
	3-4

	0.4
1.0
	3

	0.25
0.6
	2

	0.15
0.4
	1

	0.08
0.2
	0.7 - 1


* - Animals weighing 300 kg (660 lb).

Activity L

Please turn for further reading to:

Clarke, Barton A., Robin, Gregory and Clarke, Alice P., February 1986. Cut and Carry Feeding System, An Improved Management System for Small Livestock Farmers,  Caribbean Agricultural Research and Development Institute (CARDI), Order No. AP-F/l9.86 (4 pages).

Paterson, Robert T., Proverbs, Gerald A. and Keoghan, John M., 1987. The Management and Use of Forage Banks,  Caribbean Agricultural Research and Development Institute (CARDI), University Campus, St. Augustine, Trinidad, W.I. (10 pages).

  8.4.3.

Forage Conservation

Forage or fodder conservation is the harvesting and storage of pastures, erect type grasses (e.g. elephant grass or sugarcane), multipurpose forage tree species (e.g. leucaena or gliricidia) or crop residues for feeding to animals at a later date. It is the transforming of good quality freshly harvested green or partially wilted or dried vegetative material into a preserved state so that it could be stored and used at a later time.

  Reasons for Forage Conservation

In the Caribbean, forage conservation have been necessary as there is need to:

· Overcome the seasonal availability of fodder

· Ensure a continuous supply of animal teed, and

· Maintain and increase the production and productivity of ruminant livestock.

  Methods and Principles of Forage Conservation

· Drying

· Hay

· Silage

  8.4.3.1. Drying

This is achieved through the use of artificial drying equipment. The material is harvested by any convenient means and then dried to 85 to 95% Dry Matter (DM) (this is equivalent to 15 to 5% moisture). The harvested material to be dried, however, will have to be reduced to a small particle size to facilitate evaporation of moisture from the material. This process is usually done by blowing hot air or air at ambient temperature through the harvested and chopped material. This facilitates the removal of water from the forage through evaporation and could take between one to three days to be completed. The material has to be chopped to easily facilitate evaporation.

  8.4.3.1.1. 
Making Hay
The Objectives

•
 To harvest the crop at the optimum stage of maturity which will provide 
the maximum yield of nutrients per hectare without damage to the next 
crop.

• 
To cure the crop properly by lowering the water content of the green fresh 
material from 65 to 85% moisture to less than 20% moisture.

The Shortcomings of Hay
(
Highly variable in quality and palatability

(
Hay alone cannot meet the nutrient requirements for high producing 
ruminants

Making Quality Hay

Making quality hay depends on:

(
Growing quality forage


•
The crop has to be matched to the soil


•
Choose proven varieties


•
Crop must be well established using the required crop husbandry 


practices


•
Irrigate where practical

(
Harvesting at the proper stage of maturity and at the right time cannot be 
done during wet and unpredictable weather conditions. It is therefore best 
attempted during the first and second quarter of the dry season.

(
Proper curing and drying to ensure that


•
The hay can be stored safely without excessive heating or 



becoming moldy


•
The maximum leafiness, green colour, aroma, nutritive value and 


palatability be retained

(
Field curing

The making of field cured hay involves the following:


•
Cutting and curing in the swath or window


• 
Raking, and


•
Cocking

Activity L

Please turn for further reading to:

Keoghan, John, January 1988. Small Farmers: Make Your Own Haystack for Emergency Dry-Season Forage, Caribbean Agricultural Research and Development Institute (CARDI), Order No. AP-F/2.80 (4 pages).

This fact sheet gives the steps which you can use for making haystacks. It is suggested that you make haystacks, as opposed to making baled hay (which is one of the methods used in the developed countries). The method of making baled hay is capital intensive and land extensive.

  8.4.3.1.2.
 Silage

Silage production is the preservation of freshly cut and or chopped green material under conditions where the oxygenated air is excluded (ANAEROBIC) and the material is left to ferment. The principle involved in silage making is one of the oldest known biochemical processes to man. It is the same process used in the making of wine and vinegar. It is called anaerobic fermentation. The fermentation process can take up to two weeks to be completed, however if the conditions are initially very anaerobic this could be completed within a week. The fermentation end products are acids (acetic/vinegar, propionic, lactic, or butyric; or alcohol). Acids and alcohol are preservatives of organic materials and therefore it is because of this feature that the green forage is conserved through the ensiling process. The fermentation is initiated by yeast cells which under anaerobic conditions convert the soluble carbohydrates or sugars present into acids and alcohol.

How is Good Silage Made?

The Principle -  Anaerobic fermentation of forages.

The Silo -  This is the repository for the material to be ensiled. Any container or pit could be used as a silo.

Your silo must be able to hold the chopped material and allow it to be compacted to remove as much of the air as possible from the pile to be ensiled.

It must further prevent the introduction of any new air and prevent the seepage of water into the pile either from rainfall or any other means.

It is also important that drainage out of the silo must be good so that any moisture generated during the process is able to escape through drainage.

The Material to be Ensiled

GRASSES - When ensiling grasses, you should make efforts to use the grass when it is at its best nutritive value. This varies with the species of grass and the season. If a grass is being used when it is not at its best stage of maturity for feeding (usually just before flowering), then the silage should be made with the use of about 5-15kg of molasses for every 100kg of chopped grass.

LEGUMES - Legumes should be ensiled with the use of molasses as stated above. The legumes are high in nitrogen and protein and low in sugars. Because of this the addition of molasses is necessary for successful ensiling. Legumes should be harvested just before the onset of flowering.

The Steps in the Silage Making Process

• Harvest the material at the stage when it is at its best nutritive value.

Twinning, pasture grasses and legumes - You could harvest them either manually or by using flail type forage harvesters. It is important that the chop be as small as possible, as the long, stringy and stemmy material is difficult to compact.

Erect type grasses (elephant grass, king grass and sugarcane) and browse legumes - You could harvest these either manually or mechanically (using modified corn forage harvesters). Sugarcane, in particular, is best harvested and ensiled during the dry season; as this is the time when the concentration of sugars is highest. As a result, sugarcane ensiles very well without the need for molasses or any additives.

The size of chop is as important as in the above case. If the material is manually harvested it then has to be chopped to reduce the particle size using stationary choppers. This is necessary to facilitate compaction.

King grass is an important case as it tends to be quite low in dry matter, even at ten weeks it is less than 20% DM. It may then have to be harvested at a quite mature age as silage is best made when the grasses are above 20% DM but below 30% DM. When grasses are wet (less than 20% DM) at ensiling it is essential that the material be well chopped to as small a particle size as is possible and that the material be very tightly compacted in the silo. Fermentation could also be aided by the use of molasses.

• Ensure that the material has the suitable particle size.

• Compact the material well .

• Cover the silo well to exclude air and moisture.

The Nutritive Value and Quality of the Silage

The nutritive value of the product is principally determined by the nutritive value of the material ensiled. However, about 20% of the nutritive value is lost during the ensiling process, i.e., the biological cost of ensiling.

The quality of the silage depends on the type of fermentation. Good quality silage is produced when the material is tightly compacted ensuring good anaerobic conditions.

The Chemical Composition of the Silage

See Table 8-7 for a chemical breakdown of the contents of Silage.

Table 8-7  The Chemical Composition of the Silage


pH


3 to 4.5 (ideal 4.2)


Lactic acid

1.5 to 2.5%


Acetic Acid

0.5 to 0.8% (with sugarcane stage up to 1.7%)


Butyric Acid

< 0.10% - this gives stage a musty smell and a black 




colour - this is very undesirable

Alcohol

1 to 15% as in sugarcane stage


Ammonia Nitrogen 
As a percentage of total nitrogen should not exceed 




5 to 8%.

The nature of forage production and land tenure patterns in the Caribbean region indicate that with the diversity of the practices and holding, there is no single pattern of conservation facilities universally used or acceptable to all the farms in the region. It is therefore believed that this would be best dealt with your local tutor. You should do your own evaluation of farms in a tropical environment. Some relevant material has been developed by the FAO, Santiago, Chile (Forage Conservation Handbook for Small Farms).

Activity L

Please turn for further reading to:

Asiedu, Francis H., Fearon, Albert L., and Barnes, Ralston, June 1994. Fact Sheet, How to Make Silage on Small Farms,  Caribbean Agricultural Research and Development Institute (CARDI), Order No. AP-F/36-94.

8.4.3.1.3.
Machinery and Facilities Needed for Forage 






Conservation
For Drying

You will need the following equipment for drying your silage.

• Flatbed repository which bottom/base should allow the free flow of air

• Air propelling device, e.g., air blower

• Hot air generating chamber (optional as this is needed only if hot air being   

  blown); this could be electrical, or gas burning (natural gas, biogas, diesel or 

  petrol)

• Harvesting and chopping equipment

For Making Hay

• Please review your CARDI Factsheet by Keoghan (1988) mentioned earlier.
For Silage Production

Your silage production requires the following equipment:

• Forage harvesting or forage chopping equipment

• Flair type or modified corn forage harvester with forage wagons or stationary    

  forage choppers [could be a modified lawn mower mounted in stationary mode].

• Molasses storage and application system

• Tractor or heavy rolling device to aid compaction of the chopped material in the 

 silo. Your human workers could also be used to trample the material to aid 

 compaction in small silos.

• Waterproof material for covering the silo

• Heavy objects for keeping the silo covering in place, e.g., used tyres

  8.4.3.1.4.
 Costs of Conservation

The costs of your silage conservation in any given situation has to be related to the cost of using the equipment if you already own it or to the cost of purchasing the equipment or to the cost of the equipment rental. However some of your main costs must be accounted for as follows:

· Cost of equipment use

· Cost of labour

· Cost of erecting the conservation facilities.

You would have to discount these three costs over time and over the tonnage of material to be conserved per unit of time.

  8.4.3.1.5.
Benefits of Conservation

The main benefits of conservation have to be seen from the standpoint of the opportunity cost of not conserving through

• Inefficient use of the forage resource if left to stand in the field and become 

  mature and decrease in nutritive value. It should be noted that a cost has already 

  been incurred to produce the forage, so why allow it to decline in quality.

• Non availability of forages during periods of moisture stress.

• Decrease in animal output and performance during periods of low forage 

  availability.

• The additional feed cost of having to put on weight loss by the animals during 

  period of stress.

Further, the main benefit to be derived from conservation comes from the fact that during periods of low forage availability you are able to have some degree of control over some of your feeding resource.

  8.4.3.1.6.
Methods and Approaches Which Could be Used to Develop Forage  Conservation Systems Suited to Your Environment
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MODULE 8 -- UNIT 5

  8.5. Cost  [$] of Forage Production

Quick Start h

The Learning Objectives of this unit are for you to understand the various factors affecting the cost of forage production.

The Lesson /


  8.5.1.

General

When one attempts to put a cost to the forage which has been produced one would have to consider the following items:

· Cost of land preparation

· Cost of fertiliser and planting material

· Cost of labour for planting

· Cost of weed control

· Cost of pest control

· The opportunity cost of the money spent i.e. if the money was left in the bank to accumulate interest

· The annual operating cost

Table 8-8 shows a breakdown of the complete costing for the production of Leucaena forage in Trinidad and Tobago. You can use this as a guide and along with the relevant cost items which are pertinent to your situation.
Table 8-8 . Estimated Cost of Production for Leucaena Forage in Trinidad and Tobago

	ESTABLISHMENT COST
	TT $ 1
	% OF TOTAL COST

	Land Preparation (brushcut, plough, rotovate and bed fomation)
	2,000
	37.7

	Limestone (2 tonnes/ha)

Application Labour (10 man-days/ha)
	1,000

500
	18.7

9.3

	Planting Material (5 kg seeds)
	400
	7.5

	Planting (10 man days/ha)
	500
	9.3

	Weed Control:

Chemical:Pre-emergent:Dacthal @ 8 kg/ha

Labour (5 man days/ha @ $ 50.00/man day)
	256

250
	4.8

4.7

	TOTAL
	5,356
	100

	INTEREST
	3,137
	

	TOTAL ESTABLISHMENTR COST
	8,493
	

	ANNUAL COST 2
	
	

	
	
	

	OPERATING COST
	TT $
	% OF TOTAL COST

	Fertilizer:

100 kg Sulphate of Ammonia

100 kg Triple Super Phosphate/ha

50 kg Muriate of Potash

Application Man days: 60 (6 applications)
	139

137

91

3,000
	1.2

1.2

0.8

26.5

	Herbicide:

Roundup - 3 litres x 6 times/year

Labour - 5 man days/ha x 6 times/year

Stumping & manual weed control twice/ year @ 10 man days/ha
	1,425

1,500

1,000
	12.6

13.3

8.8

	Harvesting:

10 man days/ha/harverst (w/6 harvests/yr)
	3,00
	26.5

	INTEREST
	1,29
	9.1

	TOTAL OPERATING COST
	11,21
	100

	TOTAL ANNUAL COST
	12,70
	

	Yield Expected
	10 tonnes dry matter (DM)/ha

	Cost/kg DM

Cost/kg as Fed
	1.22

0.40
	


1
-
The rate of exchange averages to TT $ 6.00 equals US $ 1.00


2
-
The annual cost of establishment is spread over ten years

Source:Garcia, G.W.;Lallo, C.H.O. and Benn, A. (1996) The Feeding of Leucaena (Leucaena leucocephala) Forage to Ruminants.  Farm and Business 3:1-15.

Activity L

l.
Describe how to convert an ordinary Lawnmower into a forage chopper for use on a 
small farm.

Activity E

1.
Using the approach used in Table 8-8, estimate the cost of forage production from 
pastures on erect type grasses like elephant grass.
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� Of genus (Rhizobium) of rod-shaped, nitrogen-fixing bacteria nodules on the roots of leguminous plants.
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