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RESUMEN

Uno de los principales problemas para la producción

animal, característico en los trópicos es la estacionalidad de la s

lluvias y los periodos secos. Co mo respuesta a los pe riodos secos,

en países de África, Asia, Latino América y Australia se han

venido utilizando los árboles como fuente de forraje. Mayor

énfasis se ha dedicado a especies leguminosas con capacidad de

fijar nitrógeno atmosférico. Existe una gran diversidad de estas

plantas que pueden integrarse exitosamente en los sistemas de

producción animal, sobre todo, en aquellos sistemas de b aja escala

o pequeños productores. Sin embargo, existe poca literatura con

información detallada sobre el manejo d e árboles y d e la

información existente mucha se encuentra enfoc ada princ ipalmente

a especies como Leucaena leucocephala y Gliricidia sepium. De

aquí la necesidad de trabajar con otras especies arbustivas y

arbóreas y su uso en forma integrada, lo cual tendría mayores

beneficios aparte de los ya conocido s en la alimentac ión animal,

tales como reducir el imp acto de plagas y enferme dades y mejorar

las condicio nes físicas y quím icas del lugare  donde c recen. En e ste

sentido, los árboles d esempeñ an un pap el fundame ntal en la

reducir  la demanda existente por alimentos para la producción

animal al mismo tiempo que pueden reducir e l impacto d e la

degrada ción del sue lo. 

Palabras clave: Manejo de árboles, frecuencia de corte, pastos

tropical, estación seca.

SUMMARY

A shortage of high-quality dry-season fodder supply has

been widely recognised as one of the main constraints to animal

production in the tropics where long d rought per iods freque ntly

occur. Tropical trees have been used over many years as sources

of fodder, fuelw ood, and  timber in  Africa, Asia, Latin America and

Australia. Increasing attention has been given to species wh ich fix

atmosphe ric nitrogen such as Leucaena spp.; G. sepium and Acacia

spp. which are now an important component in the farming system

in many countries in the tropics. A great diversity of tree species

could  be integrated successfully into the small farming systems

around the world. However, there are few sources of detailed

information on tree man agement a nd many o f these researc h is

focused only in few tree fo dder spe cies, such is the ca se of L.

leucoce phala  and G. sepium . Therefore the urgency of screening

more species and the use of mixed species of trees and shrubs

would  lessen the impact of insects and disease as well as better use

of soil and clima te factors. It is likely that fodder trees and shrubs

will have a ma jor role to  play in meeting future feed demands for

both animal production and to arrest land degradation in the

tropics.

Key words: tree manag ement, cutting fre quency,  tropical grasses,

dry season. 

INTRODUCTION

A major constraint to livestock production in the tropics is the

seasonal fluctuation in forage yield and quality from grasses.  There

is usually adequate forage of fair to good nutritive value in the wet

season, but in the dry season available forage from natural pastures

are usually inadeq uate both in  terms of quality and quantity to meet

even the maintenance requirements of livestock. Tropical grasses

mature more rapidly and co ntain less CP than temperate gra sses,

as tropical grasses mature, they become less palatable because the

lignin content rises and CP content falls (Norton, 1982).

 

For extensive systems in areas with less than 800 mm annual

rainfall and heavy soils, perennial herbaceous legumes have proved

less persistent than deep-rooted  tree or shrub legumes such as L.

leucoce phala  (Addison et al., 1984). Trees and shrubs legumes

have been show n to be cap able of providing high quality fod der in

the dry season (Adejum o, 1992; Co stas et al., 1992). This has

aroused interest in their  use in pastures leading to the development

of tree based forage production systems such as alley farming

system, intensive feed gardens, scattered trees on pastures or

fodder bank, in which G. sepium and L. leucoc ephala  feature

prominently (Atta-Krah and Sumberg, 1988; Kang et al., 1990).

Small  holder farmers raising livestock under traditional systems in

West  Africa have shown little interest in planting pasture, but tree-

grass combinations have great potential for improved management

systems (Kang et al., 1990). In the more extensive grazing areas of

Australia, southern Africa and South America, tree legumes are

increasingly  being planted in association with improved grasses to

increase their carrying ca pacity and the  produc tivity of grazing

cattle (Gutteridge and Shelton 1994) In the Philippines, Moog

( 1 9 8 3 )  r e p o r t e d  t h a t  l e a f  p r od u c t io n  f r o m  L .

leucoce phala/Im perata  cylindrica pastures is  three times that from

native Imperata grasslands, and LWG from L. leucocephala/P.

maximum pastures have been of the order of 440 kg ha-1. Alley

farms are expected to supply a high quality, low cost supplement

to the normal diet of animals  belonging to smallholder farmers. In

drier areas Singh et al., (1989) suggested that forage from prunings
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and crop residues m ay be the major attraction to the farmer

practising alley farming, when fodder availability is recognised as

a major c onstraint. 

In addition, trees in managed species mixtures have a great

potential to bring about 'micro-site enrichment' through processes

such as efficient cycling of plant nutrients and nutrient pumping

(Haines and DeBell 1979). Nitrogen fixing trees have the

additional potential of bringing in substantial quantities of

atmosphe ric nitrogen into the  ecosystem (H uxley 1999).

Interference of trees, however, is a major constraint in the

integration of trees with field crops, as trees mature and  canopy is

formed the intensity of light at the ground level decreases and

forage productivity may decline (Mathew et al., 1992). A further

disadvantage of the trees is  the high proportion of inedible woody

tissue that these plants p roduce a s well as anti-nutritive and  toxic

factors which can p roduce to xic effects in ruminant animals (G ray,

1970; Norton 1994), as well as their slow establishment. The

purpose  of this paper is to  review the mo st important w ays to

introduce shrubs and trees to the farming systems were the trees

can be grown to provide fodder with high protein content for

livestock.

FORAGE TREE IN ALLEY FARM ING SYSTEMS

The Alley Farming System 

Alley farming is a food-biased agroforestry system, which se eks to

exploit the potentials of tree legumes, (Atta-Krah and Sumberg

1988), primarily for the  maintenanc e of the soil fertility and

consequ ently for improved crop and livestock production. In alley

farming fodder trees are established in rows within arable crop

farms and the crop or grass cultivated in the alleys between the tree

rows. 

The trees are pru ned at the en d of the first year an d subseq uently

managed through periodic prunings of the regrowth, such that the

interplanted  food cro ps do no t suffer from shad e. 

Because  of the rich nutrient content of most leguminous fodder

trees (Table 1), a significant amount of nitrogen and organic matter

is made available to ruminant livestock. Su ch feeding is usu ally

done on a cut-and-carry basis. In alley farming the possibility

exists for crop residues to be grazed during the dry season by

livestock, with the tree fodd er as a supp lement to enr ich the diet.

There is also the poss ibility of deliberate short gra zed fallow in

rotation with cropping phases w ithin alley farming cycles. During

such fallow, no cro p is planted a nd the prev iously cropp ed land is

grazed b y sheep or c ows (Atta-K rah & Sum berg 19 88). 

Choice of tree species

Basic  characteristics required of an alley farming tree species

include the following: fast-growing, nitrogen-fixing, nitrogen-rich

leaves, tolerance to pruning, ability to coppice vigorously and good

fodder value (Atta-K rah & Sum berg 19 88). In addition to these,

such other characteristics as high foliage productivity, vigorous tap

root development, and dry season leaf retention are advantageous

(Rachie  1983). A wide range of tree species has been used in alley

cropping (Table, 2 ) however , L. leucoce phala  has been by far the

most widely used specie (Kang et al., 1990; Shelton and

Gutteridge 1994). A number of compara tive trials in humid and

subhumid  zones on high base status soil have shown L.

leucoce phala  to be supe rior to other sp ecies and this m ay partly

explain  its widespread use  (Kang and Reynolds 1986). How ever,

on acidic low base status soils has not been as successful as species

such as Flemin gia ma crophy lla (Kang and Ghuman 1991) and E.

poeppigiana (Kass et al., 1992).

Table 1. Che mical composition (g/kg D M) of foliage from fod der trees species 

Species CP Fat Ash NDF Crude

fibre

ADF Lig

nin

Acacia an eura 107-156 34-56 35-49 498-511 286-341 396 194-206

Albizia ch inensis  151-263 44 46-145 354-603 316 246-348 145

A. lebbeck 181-240 18-47 --- 46-90 265-377 --- ---

A. saman 221-279 70 43-60 --- 294-480 --- ---

Cajanus cajan 158-214 41-60 54-58 314 212-308 292 100

Calliandra calothyrsus 173-212 --- 40-43 259-302 --- 209-229 69-84

Desmanthus virgatus 115-146 24 58-85 256 393 195 91

E. cyclocarpum 168-250 53 50-55 --- 122 --- ---

Faidherbia albida 147-197 16-17 57-72 --- 185-196 --- ---

Gliricidia sepium 150-275 14-24 22-107 231-272 186 212-357 55-94

Leucae na divers ifolia 173 --- --- 475 --- 370 220

L. leucoc ephala 203-269 55 57-93 309-383 183 226-234 68-99

Sesbania g randiflora 206-348 30-42 90-125 244-371 75-190 217-258 81

S. sesban 152-263 9-16 74-100 219 122-353 153 36

Source: Norton 1994; Nsahlai et al., 1995

Management of trees in the alley system

Although fodder tree species differ in their effects on understorey

production; some species hav e a beneficia l effect, at least up to

certain tree densities and when the canopy is managed

approp riately (Bahiti,  1981). On the other hand, some species may

have a variable influence depending on their age or size and some

species may have a detrimental effect even at very low densities

(Beale, 1973). Also, the extent to which trees influence pasture
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production, and the nature of their influence, can differ between

years (Walker, 1974). Tree foliage production may compensate,

not just in terms of q uantity but also in te rms of quality, for the

production lost in the pasture component. In a well-balanced mixed

tree-pasture system, the total production may be better distributed

over the year (Goldson, 1973; K ennard & W alker, 1973). Th us,

some fodder trees can be suc cessfully integrated with pasture

production, while others should ideally by grown separately, for

example  A. aneura  (which have  a detrimental effect on grass

produc tion) stands fo r drought re serves (Pre ssland, 197 5). 

Management of alley on a tree -grass mixtures a ims at striking a

balance between the productivity of the components of the mixture.

In this sense, tree spatial arrangement and harvesting regimes can

be manipulated to achieve the balance (Huxley, 1985). Tree

management could be  such that it would  preserve fo liage on the

tree and assure high fodder yields at the onset of the dry season

(Ezenwa et al., 1995), in addition to maintain their crude p rotein

contents at higher levels than in grasses.

Table 2. Potential trees and shrubs for the practice of alley farming systems in the tropics

Species (Legu mes) Countries

Acacia  auriculiform is Sahel &West Africa

Cassia sia mea, C . spectabilis Kenya, Nigeria, Sahel & West Africa

Callinadra calothyrsus Indonesia, Western Samoa & Costa Rica

Erythrina  poepp igiana, In ga edu lis Costa Rica

Flemin gia ma crophy lla, F. cong esta Nigeria, R wanda & South Asia

Gliricidia sepium Nigeria, Costa Rica, Sri Lanka, Philippines

Leucae na leuco cepha la Mexico, Kenya, P hilippines, Sri Lanka, Indonesia,

Australia, India, Thailand, Australia & Cuba

Prosopis cineraria, P. pallidad Kenya, E thiopia & S omalia

Sesbania sesban Rwanda , Kenya, Au stralia, Ethiop ia

S. grandiflora Nigeria, Western Samoa

Non-legumes

Gmelina arborea Nigeria, American Tropics & Pacifics Islands

Grevilea  robusta Kenya, American Tropics & East Africa

Azadirachta indica Thailand , Senegal, A sia & India

Source: Modified from, Kang and Gutteridge (1994)

Table 3. Liveweight (LW) gains from cattle grazing grass only and L. Leucocephala/grass pastures 

Grass species LW(k g/head/da y) Duration of the

experiment (days)

-leucaena +leucaena

Native pasture 0.25 (0.7) 0.56 (0.7) 365

Imperata cylindrica 0.22 (0.75) 0.35 (1.5) 315

Digitaria decumbens 0.39(3.3) 0.49 (3.3) 364

Source: Jones 19 94. Stocking rate as head /ha in brackets.

FODDER BANK

In many areas of the subhumid and semi-arid tropics livestock

production is seriously constrained by the limited amount and poor

quality of  animal fodder during the dry season. Low crude pro tein

content is the most common limitation to animal production from

native pasture and some systems have b een deve loped to

supplement or improve the crude protein intake of animals grazing

native pastures by providing access, either seasonally or all year,

to limited areas of sown tropical tree legumes which form a pro tein

bank. This form of provision of a high quality fodder to livestock

has been used successfully with Leucaena leucoce phala  as a

supplement to cattle on native pasture.

Fodder banks, protein bank or intensive feed gardens, consist of

trees alone or in c ombinatio n with grasses such as Pennisetum

purpureum or Andropogon gayanus with the objective of provide

high quality feed to livestock mainly during the drought season.

Jones (1994) reviewed 13 experiments of this type and concluded

that cattle liveweight gains can be substantially improved by

complementary grazing of L. leucocephala (Table 3 ), especially

when the base grass pasture is low in quality and L. leucoc ephala

intake is high. Increase s in growth rates up to 0.3 kg d-1 have been

recorded.

Several authors have noted that gains from L. leucoceph ala

pastures compare favourably with those from other grass/legume

or even those from nitrogen fertilised pastures. Jones and Jones

(1984) found that in sub tropical sou theast Quee nsland, L.

leucocephala /grass pastures produced from 310 to 430 kg

liveweight gain/ha.

Fodder bank management

For grazing purpose s seasonal rather than year-round

complementary grazing of protein bank is likely to be more

effective in utilizing a limited resource. The smaller the pro tein

bank relative to the total forage demand, the greater the degree of
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control required in managing or rationing the protein bank (Co ates,

1995). Controlled access allows the protein  bank to be utilized and

rationed when it is likely to be most beneficial usua lly in the mid

to late dry season. Furthermore, access can be restricted to selected

animals according to the priorities of the livestock producer.

Protein bank, or fodder bank, have been advocated as a means of

providing renewable supplementation for traditionally managed

cattle in develop ing countries su ch as those in A frica and La tin

America. Table 4, show some tree species with potential to be used

as a fodder bank. It can be seen that fodder bank is practised more

frequently  in humid and sub-humid  regions, it is due in p art  to the

high moisture requirement by the trees in associa tion with crops or

grass. 

In fodder banks trees and shrubs can be gro wn in dense p lanting in

single or multiple rows  to produce high-quality forage, this forage

can be harvested or grazing regularly and fed to animals as

supplement to poorer quality forage or crop residues (Reynolds

and Atta-Krah 1989). In such systems, perennial tree species are

required that can maintain high regrowth rates, high leaf

production, high leaf nutrition and resistance under repeated

cutting management and compatibility with companion forage

species.

Table 4. Some fodder trees which are used as fodder bank (Nair et al., 1984)

Species Major eco-zone Countries

Dalber gia  sisso tropical highlands India, Nepal

Derris indica arid/semi-arid India

Erythrina abyssinica tropical highlands Ethiopia

Gliricidia sepium humid/sub -humid Panama

Leucae na leuco cepha la humid/sub -humid Philippines, Cuba, Mexico

Albizia lebbeck humid/sub -humid India, Nepal

Pithecellobium dulce arid/semi-arid Philippines

Prosop is cineraria arid/semi-arid India

Sesbania b ispinosa humid/sub -humid India, Paksitan

S. grandiflora Humid/su b-humid Indonesia

Three-strata forage system 
Other grazing system which can be considered as a fodder bank

due to its high conten t of protein an d availability all the ye ar

around is known as the three-strata forage  system (TSFS)

developed for smallholders in Indonesia (N itis et al., 1990). The

TSFS is a technique o f planting and  harvesting grass, ground

legume, shrub and fodder trees, so that ruminant feed is available

all the year around. The first stratum consist of grasses and pasture

legume to supply ruminant feed during the wet season; the second

stratum, which consists of shrub legumes such as G. sepium and L.

leucocephala, is to supply ruminant feed during the mid-dry

season; while the third stratu m consis ts of fodder trees  to supply

livestock feed during the late dry season. In addition, the second

and third strata can also contribute to the supply of fuelwood and

improve the soil fertility through the root nodule contribution of

the legume species.

Compared with the traditional system of using natural pastures for

tethered grazing, the TSFS had substantial advantages in terms of

quantity and quality of forage production. Higher cattle gains and

higher stocking rates, increased soil fertility and less erosion, and

increased income, are some of the m ost importa nt benefits  of this

system. In the tree-grass systems, tree hedgerows may be

established 4 m apart, w ith four rows o f grasses sown  in between.

Tree hedgerows may also  be established 2.5 m apart with two rows

of grasses. Using L. leucoc ephala  and G. sepium mixed with P.

maximum in such system, productivity of over 20 t DM/ha of

mixed tree-grass fod der is available  from both  design und er humid

zone conditions (Atta-Krah and Reynolds 1989).

LIVING FENCES

The Internationa l Center fo r Research in Agroforestry (ICRAF)

defines live fencing as, "a way of establishing a boundary by

planting a line of trees and /or shrubs at re latively close spacing and

by fixing wires to them " (Huxle y, 1999). L iving fences refe r to

those areas established not only by planting large or short cutting

of woody perennial but also the establishment by seedling or direct

seeding (Table 5) in lines with the purpose of keep livestock in or

out. Species such as Leucaena, Sesban ia and Calliandra  are

commonly established by direct seeding, while others like G.

sepium and Erythrina spp., can be estab lished vegeta tively by

stakes. Trees are planted to provide boundary fences to fields or

land holdings wh ich give stock  control and  stock prote ction. Living

fences may also be planted aro und residential blocks or home

gardens to provide shade and shelter in addition to providing

forage. T he fodde r from such livin g fences pro vides a goo d daily

feed supplement for the livestock.

     

Budowski (1987), Simons and Stewart (1994), reported the wide

use of living fences planted in both dry and wet sites throughout

Central America. The cutting height of these living fences are

commo nly set at 1.0-2.5 m and generally cut twice per year

(depending on rainfall). Lopping may be used as fodder, fuelwood

or as shelter to livesto ck. The living  fences, acquire particular

relevance under grazing/browsing systems (Torres 1983), either

under arid to semi-arid conditions,  or in the more humid reg ions,

where the poles have to be replaced quite often.

Planting is usually by insertion of hard wood cu ttings 3-7 cm in

diameter and about 1.0-1.5 m long (Chadhokar, 1988).  The basal

20-30 cm is inserted into prepared ground so as to leave 1 m of

shoot above gr ound. If inserted at the start of the wet season
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Figure  1. Effect of plant density and method of establishment on

forage yield o f G. sepium (Preston, 1992).

rooting will begin almo st immediate ly and a first flush of foliage

occurs about 6 to 8 weeks later (Evans 1992). The be nefit of using

long stakes is that they are not grazed out and co mpete  better with

other vegetation re lative to seedlin gs. Preston (1992), reported,

however, that living fences production from seedlings will be more

productive (figure 1), especially when established at high plant

densities, than tho se derived  from cuttings. 

Farmers have tended to create a living fence aro und their

househo ld from shrubs and tree species to provide not only human

food and fuelwood but also animal feed. In north-eastern Thailand,

L. leucocephala  was widely promoted for the household living

fence in rural villages du ring the early  1980s. The fen ce will

normally  established by direct seeding or transplanted seedlings

(Table  5) at close spacing. In Indonesia , Latin America and

Philippines G. sepium has been used extensively in village

households (Nitis et al., 1985; Budowski 1987; Gonzal and Raros

1988).

Table, 5. Trees and shrubs species used as living fences to provide fodder to livestock 

Ecolog ical adapta bility and man agement a spects

Species Altitude

(m.a.s.1.)

Rainfall range

(mm/yr)

Max. dry period

(month/yr)

Establishment method

Albizia lebbeck up to 1600 500-2000 4-5 Seedling/cutting

Cajanus cajan up to 3000 400-2500 5-6 Direct seeding

Gliricidia sepium up to 1600 700-2300 2-3 Seedling/cutting

Erythrina poeppigiana up to 2000 1000-3000 3-5 Seedling/cuttings

Leucae na leuco cepha la below 500 250-1700 5-6 Direct seeding/seedling

Mimosa scabrella up to 1500 400-1600 4-5 Seedling/cutting

Pithecellobium dulce up to 1500 400-1600 4-5 Seedling/cutting

Sesbania g randiflora up to 800 1000-2000 2-3 Seeding/seeding/cutting

Source: Topark-Ngarm 199 0; Benge 1987; and Nair et al., 1984.

In a study in Costa Rica cited by Pezo et al., (1990) on the

produc tivity of G. sepium or E. berteroana as live fences, different

pruning intervals were evaluated at four sites in the lowland hu mid

tropics, they found tha t the total biomass yield increased as the

pruning interval was delayed, but the proportion of ed ible biomass

declined with age (T able, 6). Also , tree survival was negatively

affected by frequent pruning. T his study suggeste d that to maintain

the productivity at an acceptab le rate in such systems, the pruning

interval has to be at least 4 months.

Table 6 . Fodde r produc tion (kg DM /km) from live  fences of E. berteroana and G. sepium pruned at different

 frequencies intervals (Pezo et al., 1990).

Pruning inter vals Edible bioma ss Total biomass

months Erythrina berteroana

2 1,058-2,168 1,058-2,168

4 1,769-3,132 3,132-6,201

6 1,435-4,218 3,189-8,273

Gliricidia sepium

2 139-1,244 139-1,244

4 1,001-5,580 1,581-7,771

6 353-3,546 589- 7,483

TREE FODDER ESTABLISHMENT AND

MANAGEMENT

Planting methods

Direct seeding

Trees such as Gliricidia spp., Sesbania spp. and Leucaena spp.,

can be planted by direct seeds in rows into fully prepared seed beds

or into cultivated strip s in existing grasslan ds. Seedin g rates of 1-2

kg/ha at depths of 2-3 cm a re usually recommended in rows 3-10

m apart. For example, the current recommendation in central

Queensland is single or dou ble rows 1 m a part with app roximately

4-5 m between centres (Gutteridge and Shelton 1993). If plant
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spacing within rows is 30-50 cm, this gives a population of 13,000-

33,000 plants/ha. Smaller plant populations, in wider rows, may

provide better rationing of limited water  supply and  an oppo rtunity

to intercrop the rows with grass.

Vegetative propagation

The seedling growth of many fodder trees is often slow, making

young plants suscep tible to weed competition (Maasdorp and

Gutteridge, 1986) and grazing by livestock and wildlife (Wilding,

1989) . Slow seed ling growth of the se trees can b e related to the ir

rooting characteristics, which have developed for long-term

survival rather than high initial growth rates. Most of the tree

fodder species can be propagated by seed but a number, including

G. sepium and Erythrina spp., can also be  established v egetatively

using stem cutting s (Table, 3 ). 

G. sepium is commonly planted vegetatively from cuttings and is

ideal for shade trees, support trees or living fences.  Cuttings shou ld

be mature branches >7 cm in diameter which are brownish-green

in bark colour. The cutting is normally cut obliquely  at both ends,

discarding the younger tips, and the base inserted 10-20 cm into

the soil depen ding on the le ngth of the cutting. The Sesban ia

species seed prolifically and are normally planted from seed,

although research suggest that some sesbanias can be established

from cuttings (Evans and Macklin 1990; Oduol and Akunda 1988).

Results indicate that there are differences in rooting percentages

from the material obtained from the tip of seedlings grown in the

nursery and the cutting s obtained  from field-plan ted young trees.

The cuttings obtained from young seedlings in the nursery had a

high rate of rooting (above 70%) while those obtained from the

field had a low percentage (15%). Success of rooting from cuttings

depends on the retention of original leaves that are essential

providing photosynthetic surface and thus accelerate rooting,

(Oduo l and Akun da 198 8).  

Vegetative propag ation has the ad vantage of m ore rapid

establishment of new stands which are genetically identical to the

parent lines without the need for seed collection. Disadvantages are

that it requires more hand labour and the root development of

cuttings may be shallo w and dev oid of a  strong taproot compared

with seedling grown trees. Shallow rooted trees are more

susceptible to drought and wind damage.

Seedlings

Most  tree fodde r species are  readily established from transplanted

seedlings. Seedlings are first grown in nurseries in polythene bags

or in small plastic d ibble tubes  until they reach a h eight of 30-5 0

cm. After that seed lings are direc tly transplanted  into the field  into

moist soil. Weeds need to have been previously controlled either

mechanic ally or chemic ally. In areas with prolonged drought

periods watering of seedling will be necessary until trees become

well established.

Some nitrogen fixing trees can be planted from stump cuttings

which are easier to transport into the field. The NFTA

Establishment Guide (Anon. 1989) cited by Shelton (1994) reports

that A. lebbeck, C. calothyrsus, D. sisoo, Enterolobium

cyclocarpum, G. sepium, Leucaena spp., Paraserianthes falcataria

and Pterocarpus in dicus can be planted in this way. Stump cuttings

can be made from se edlings which reach 60-90 cm in height and

10-20 mm diam eter in nursery se edbed s. They are  carefully

removed when the seedbed is thoroughly wet and stem and ro ots

cut 15-20 cm above and below the crown.

Seed treatment

Scarification

The hard coats on the seed of many trees inhibits the absorption of

water and prevents uniform germination. The seed coat must be

broken or scarified before germination will occur. Without

scarification, the germination percentage may be < 10%, Shelton

(1994). A guide o n the seeds tre atment for so me of the mo st tree

legumes is giben by Shelton (19 94). Th e most com mon meth od is

the immerse of the seed on boiling water for 30 seg., but sulphu ric

acid or mechanical scarification methods are also used. Seed

scarification could increase germination rate at 50% (Misra and

Singh, 1981).

Untreated seed usually commences germination 5 days after

sowing, but further germination of seed can continue for months.

However soaking in  cold water for 48 hou rs or subm erging seed  in

boiling water and allowing it to cool for 24 hours improves

germination  (Prinsen 1 986). 

MANA GEMENT  OF TREES 

Age of first cutting

The age of first cutting tree for fod der is very imp ortant factor to

consider, as the subsequent productivity and persistence depend on

it. The benefit of a long period before first cut has been

demonstrated (Stur et al., 1994). They showed that age of trees at

first harvest was positively related  to yield at subsequent harvests.

The positive effect of a long establishment period was more

pronounced for L. leucoce phala  and G. sepiu m  that for C.

calothyrsus. The be tter growth  from older trees may be have been

related to larger stumps, more carbohydrate reserves, and a deeper,

more extensive root system, compared to the younger tree s (Ivory,

1990; Gutteridge and Shelton, 1993).

Cutting forage trees at different seasons of the year (dry or wet

season) and at different stages of development (flowering or

vegetative) may also influence subsequent regrowth (Stur et al

1994). However, there are few documented  cases on these topics.

It may be spe culated that although trees are usually deep-rooted

and have access to m oisture in the deeper soil layers cutting at the

beginning of a dry season or d uring the dry sea son could  result in

the exhaustion of reserves, as growth and replenishment may be

restricted by moisture availability. However it may be expected to

have a large amount of reserves in stems and root system, which

may not easily be exhausted.

Where  there are distinct wet and dry seasons some considerations

has to be given to the timing and type of defoliation. If the dry

season is prolonge d it will be a more critical period  for feed sup ply

for animals. Timing of cutting may be determined by what can be

done to use the surplus production in the wet season for dry-season

feeding and dry-season management. Strategies for seasonal feed

management may include carrying over leaves on trees into the dry

season, with the successive cutting of branches during the dry
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season (Ivory, 1990). This may be combined with more regular,

complete defoliation during the wet season.

Cutting frequency

Cutting frequency is how often the trees are cut or grazed.

Defoliation (cutting or grazing) freq uency and  intensity interact,

with more seve re defoliation  intensity requiring lo nger intervals

between defoliations to allow the trees to re cover. Co nversely,

under lenient defoliation systems, trees can be harvested more

frequently  (Stur et al., 1994). Research on cutting frequency

treatments  show that harvest intervals range from 4 weeks up to 17

weeks (Perez and Mele ndez 1980; Osman 198 1; Blair 1990).

Therefore most expe riments have  set fixed cutting inter vals, but it

has been agreed that in areas with large variability in climate

conditions, optimum production is more likely if trees are cut on

the basis of  reg rowth (Ev ensen, 198 4) cited by B lair (1990 ). 

Recently,  Barnes (1999), found that herbage production of G .

Sepium, C. Calothyrsus and F. macrophylla increased from 6

wee k's regrowth to  the 12 wee k's regrowth  in the first lopping. T his

trend of yield was however not noted in the second 12 week

regrowth  harvest compared with to the third and fourth six week

regrowth  harvest.  Similar result  were found by Karim et al., (1991)

in a study on L. leucoce phala  at two frequencies of cutting (1 and

3 months), the dry matter yields resulting from monthly cutting

were significantly lower than those from three-monthly cutting.

While  Osman (1981) observed that frequent cu tting often leads to

stool death, and similar observations have been reported by

Guevarra et al., (1978). It w ould be related with the decrease of

concentrations of starch and  total reserve carbohydrates in the

remaining stem s and roo ts after harvests (L att et al., 2000). 

There are differences among tree species in their ability to cope

with repeated cutting. S. grandiflora , for examp le, does no t tolerate

repeated cutting of the main stem above a certain height (Horne et

al., 1986; Ella et al., 1989). Others trees with a poor tolerance to

regular cutting of main stems include P. falcatar ia and Acacia

cunninghamii  (Gutteridge, 1990). Their poor ability to coppicen

is related with their  lack of branching close to the ground and a

lack of lateral b uds. 

Stur et al., (1994) has delineated the effect of defoliation into three

distinct phases. They illustrate these phases with C. calothyrsus,

similar responses can be expected for other fodder trees such as

Leucaena spp., and G. sepium. The first is a co mmonly  observed

lag phase after cutting (weeks 0-4) when regrowth is slow due to

low leaf area. This is followed by a period of maximum

produc tivity (second phase, weeks 4-10) when leaf production

increases markedly. The sigmoidal curve then plateau as full light

interception is approached and older leaves begin to senesce (third

phase, weeks 10-24). During the third stage, the trees incre ase in

height and woody biomass increases, while leaf yield remains

steady or increases  only slightly. Guevarra et al., (1978) reported

that L. leucoce phala  did not rea ch full light intercep tion until 3

months after planting. This period may be shorter when cutting

well established  trees or very d ense planting s. 

However, it is difficult to draw general conclusions from

experiment investigating the effe cts of cutting frequency on leaf

yields, as the results  are much less consistent. Pathak et al., (1980);

Das and Dalvi (1981) found that the most frequent cutting

treatments  studied (40 -day and 6 0-day interva ls, respectively) gave

the best yields of L. leucoce phala  leaf. In contrast, S emali et al.,

(1983) found that infrequent cutting (110 days) resulted in the

highest leaf yields. Table 7, show so me experimental result on

effect of cutting interval on the fodder production of L.

Leucoc ephala .

In summary,  the range of defoliation intervals for maximising leaf

production from forage trees species such as Leucaena or

Calliandra  appears to  be aroun d 2-4 mo nths in the humid tropics,

but may be lo nger in drier areas or the cooler subtropics

(Gutteridge and MacArtur 1988 ). Howev er, such a pra ctice is

dependent on the nature of the farmer's tree resource and forage

requirements,  a smallholder with a limited number of trees will

have to cut each tree more frequently to obtain a continuos su pply

of forage. Also , site characteristics  such as soil fertility and soil

water regimes are know to have a bearing on the way species

respond to different rates of defoliation (Jones & Harrison 1980).

Table, 7 . Effect of cutting inte rval on edib le fraction and  stem yield of L. leucoc ephala

Cutting Interval Edible Wood Edible

(weeks) (t/ha) (t/ha) (%)

6 8.6 2.0 8.1

8 9.2 7.8 54

11 9.4 2.6 78

12 10.5 9.2 53

18 12.0 8.8 58

41 11.5 5.4 68

16 10.3 18.6 36

12 10.3 5.1 67

     modified from Stur et al., (1994)

Planting Density

The density employed  in cutting height an d frequenc y experime nts

is usually determined with a view to intended practical application.

Rarely has equidistant spacing been used, but rather trees species

such as L. leucocephala has been p lanted in row s to simulate

hedgerow or alley cropping management system and, as such,
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density expressed as a number o f trees per unit area is less

significant than specifications of inter-and intra- row tree spacing

(Blair et al., 1990). 

In general, higher densities cause an increase in leaf and wood

yield per unit a rea and a decrease in individual tree yield.

Genera lly most researchers have found that yield per unit area has

been highest at the highest densities used and therefore, few

experime nts have defined optimum tree densities for maximising

yield per unit area. Pathak et al., (1980) reported higher leaf dry

matter yields (5.4 t ha-1  year-1) from trees at a  density of 40,000

trees ha-1 than at a density of 15,000 trees ha-1. Castillo et al.

(1979) compared four densities (3000, 5000, 6000, and 10,000

trees ha-1) and obta ined significantly hig her yields from the two

highest densities. Three densities (10,000, 30,000, and 60,000 trees

ha-1) were compared by Savory and  Breen (1979), they reported

that 60,000 trees ha-1 gave the highest yield . Howev er, it is

important to mention that most of this research measures had been

done with young stand of trees and that perhaps th is high densities

of trees could have a different response  at d iffer ent a ge o f tree's

stand and may be interference between trees and tree-crop could be

great.

In hedgero w situations (in situ  grazing or alley cropping), wide row

spacing are required with higher intrarow densities. Kang and

Reynolds (1986)  found that wh en within-row se edling spacing

varied from 4 to 50 cm in an alley cropping system, the production

of G. sepium per unit row le ngth remaine d relatively co nstant,

although stem diameter were larger with increasing distance

between plants. However if there is a choice of spatial arrangement

a reduction in  rectangularity will favour yield and N fixation

(Hump hreys 1994). F or examp le in the study by K arim and Savill

(1991), the N yield fro m leaves of G . sepium plants grown at 0.5

m-2 for the establishment year was 96, 128 and 271 kg ha -1 as the

ratio of between-row spacing was reduce d respectiv ely from 16:1

to 8:1 to 2:1 (i.e. 8x0.25 m, 4x0.5  m or 2x1 m sp acing). These

differences were also reflected in height, collar diameter, branch

number and b iomass.

CONCLUSION

An inevitable decline in availability of grazing areas however, has

occurred in the last few years and on  farm feed sources.  A major

research and development initiative is required to improve the

supply as well the accepta nce of qua lity feed at the farm le vel.

Without such an approach followed by trials the animal production

of both small and large ruminants will result in decrease yield and

therefore affects the farmers welfare. The literature on potential of

trees as fodder has been growing. Such potential of trees has been

demonstrated in a controlled experimental basis and o n-farm trials

are required on management options that can best exploit the

potential of various species of trees and shrubs. Information on

other multipurpose are required in order to maintain  diversity and

productivity  and have alternative sources of fodder when insects

and disease are present in addition to wide alternatives for the

different enviro nmental and  managem ent conditio ns. 

Trees and shrubs have the advantage over herbaceous plants in as

much they are persistent, produce more ed ible DM  (mainly during

the dry season) and usually retain their leaves during prolonged

drought periods; indeed, they can b e properly manage d to optimise

leaf DM d uring this period. Management techniques developed to

maximise production and persistence include short periods of

intense grazing followed by long periods of recovery dependent on

the climatic conditions as well as on the soil fertility; adjusting the

frequency and intensity of lopping so that an increase in leafy

shoots will be greater than could have been obtained without

pruning appears to  be anothe r alternative. W ith respect to the

defoliation management it is recommended to allow 3-4 months

intervals between cuttings to give the best fo liage prod uction while

6-12 months periods gave better wood production. In general total

biomass u sually decrea sed with increa sed freque ncy of cutting. 

High tree densities result in increased production and in some

cases with the advantage of weed suppression and improved soil

fertility. Fodder tree species also offer the advantage of integrating

crop and livestock production and a potential for improving the

overall  produc tivity of farmers in the tro pics. How ever, resear ch is

need on synchronisation (in term of time a nd spacing ) of both

hedgerow and crop growth and nutrient relation of fodder off take

with crop response to mulch application and the balance of these

compo nents in the farming system are of critical importance to

long term sustainability (Kang et al. 1990). The age of first cuttings

is also of relevant importance in the management of trees in order

to maintain productivity and persistence. It ap pear that the first

cutting could commence the first year after tree establishment,

although older trees may have a well developed  and deeper root

system which can contain more carbohydrate reserves therefore

accomm odating a m ore freque nt defoliation o r browse. 

Very little has been reported on the effect of cutting management

on subsequent growth habit and tree form. It is likely that regr owth

will be more rapid from shoo ts remaining afte r cutting than if

regrowth  arises solely from new buds (Horne et al., 1986). Few

information is available to compare cutting systems employing

total vs partial removal of leaf trees. Other factors which have

received little attention is the effect o f age or size o f tree at the

time of the first harvest on subsequent yields. In addition to this, no

attention has been given to whether initial cuts should be made at

a lower height at subsequ ent harvest in o rder to pro mote a mu lti-

branched stem with theor etically more p otential bud  sites from

which regro wth can arise. 

Finally, most of the stud ies investigating the influences of

defoliation (cutting intervals, defoliation intensity, etc.) on

subsequent produc tivity have been  carried ou t over only a few

years, therefore having a unrealistic response  of trees at long term,

in addition to different site characteristics, differences in the ways

in which tree (individual or populations)  were manipulated, which

together make more difficult the better understanding of trees

manipulatio n to their integratio n in the farming syste ms. 
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