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ABSTRACT

This paper reviews the main determinants of produity and quality of forage from browse species and
highlights the usefulness of browse plants as foddeurces. The effect of secondary plant metabslioe
forage quality and the consequential effects on Ws® acceptability and intake are presented. Condens
tannin (CT) is emphasised due to its nutritionalaghtage if it occurred at an acceptable level (<gOT/
kg DM). The practical implication of this limit hadeen questioned and it is speculated that it magyv
with plant species as the function of CT dependsitsrstructure and level of polymerisation. Gapsanr
knowledge of browse plants are identified and areeguiring further research are indicated.
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INTRODUCTION The potential of browse species in ameliorating her
The leaves and soft stems of shrubs and trebaceous feed shortages in livestock systems has
(browse or topfeed) are important in ruminant Autribeen demonstrated empirically. However in prac-
tion (Gutteridge and Shelton, 1998rowse may tice, the provision of adequate and quality broisse
also include fruits and pods of shrubs and tredseset with difficulties. Research results have been
(Aganga and Tshwenyane, 2003). Browse useonflicting due to the diversity in experimentatde
spans from the temperate to the tropical areaseof ttions and sites, as well as the varied plant specie
world, particularly in areas prone to droughtused (Horneet al 1986; Sturet al 1994). It is the
(Lefroy et al, 1992), arid or semi-arid and montaneintent of this paper to recount the management and
zones of Africa (Otsyina and Mckell, 1985), Asian-quality issues on browse species over the last four
Pacific regions (Brewbaker, 1986) and Northdecades. The focus is on the main determinants of
America (McKell et al, 1972). Browse use has aproductivity and quality of forage from browse spe-
long history (Robinson, 1985) but with the adventies and highlights the usefulness of browse specie
of cultivated pastures it has attracted less adtent as fodder sources. Gaps in our knowledge of these
due to the advantages of cheaper establishment amgkful plants are identified and areas requirirrg fu
easier management of herbaceous pastures. ther research are indicated.
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Browse shrubs and trees as source of fodder for browse had weight gains of 82g/day. In Australia,
ruminants trees and shrubs such @samaecytisupalmensis
Woody plants, usually low growing trees andand L. leucocephala Acacia spp., Atriplex spp.,
shrubs, are useful fodder for livestock and wiglif Brachychiton populneuymand Salix spp are culti-
They may be leguminous or non-leguminous, bwated as fodder (Lefrogt al, 1992). Oldhanet al
leguminous plants are favoured because of the(t991) found that young ewes that gratedpal-
ability to fix nitrogen and their relatively higblfar ~mensis grew significantly more wool than their
nitrogen (protein) levels (Gutteridge and Sheltonflockmates on supplemented dry pasture (Table 1).
1994). Browse species provide flexibility in the!n Bangladesh, Kibriat al (1994) found that goats
timing of their use, and in particular provide gree fed leaves ofArtocarpussp andL. leucocephala

feed when grasses and other herbaceous materigfdned weight at a rate of 43.9 and 52.8g/day re-
are dry (Lefroyet al, 1992). spectively. Further, in New Zealand browse species

. such asUlex europaeusC. palmensisand Salix
Compared to grasses, most leguminous fodder tregSacies are used as supplementary fodder for sheep,

and shrubs have higher concentrations of crudgats and deer during summer drought (Borens and
protein, minerals and neutral detergent fiber (Bick poppi, 1990: Opponet al, 2001).

and Sikena, 1992), and generally a lower concentra- ) .

tion of acid detergent fiber and dry matter digestiManagement and quality of browse species
bility (Le Houerou, 1980). Nutrient levels and di- The use of .browse species involves defoliation ei-
gestibility of fodder trees and shrubs also declinfer by cutting or by herbivory. The process has
slightly over the growing season and hence thef€veral implications for the productivity, qualty
potential value as drought fodder for livestockn® forage and persistence of the species. The
(Baumer, 1992). Furthermore, the early growin mount and_ type qf tissue removed, and when the
season of browse species occurs in the late dormaf$S Occurs in refation to plant development ared th

season of grasses (Bergstrom 1992) thus providin evailing .environm(_en_t (RiCh"’?de’ 1993), are most
a potential early supplement to pasture. Rece portant in determining the impact of defoliation

work in Northern Australia showed that the addi®" plants (Crawley, 1983). Loss of meristematic

. . . tissues usually has a much greater effect on re-
tion of Leucaena leucocephalmto pastures in- Y 9

. : i rowth than the proportional loss of biomass, leaf
creased the quality and quantity of cattle diets regrea or plant resource (Richards, 1993).

sulting in increased animal production (McGowan
and Matthews, 1992). There is usually a decline in total non-structural

Many woody plants of the African savannas argrbohydrates of roots and remaining shoot parts

. fter defoliation (George and Mckell, 1978). Donart
b“"’gsed o topped for d“é Seasl'orz feed for "VeSt%C d Cook (1970) found that the defoliation of herba
such as sheep, goats and cattle (Le Houerou, 1980; : .

Otsyina and McKell, 1985). Mabey and Rose Inneaeous plants early in the growing season was more

e X trimental than late in the season while the sever
(1966) reported that cattle fed amtiaris africana trend occurred in browse plants. The depletion of

Table 1: The mean (+ sem) clean fleece weight (CF\&hd mean (= sem) fibre diameter (FD) of
young ewes grazed o@hamaecytisupalmensisor dry pasture over summer/autumn

Forage type No. of Ewes CFW (kg) FD (mm)
Chamaecytisupalmensig31 weeks) 27 3.0 (0.08) 21.3(0.22)
Pasture 30 2.2 (0.05) 20.5(0.21)

Adapted from Oldham et al (1991)
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stored reserves caused by excessive defoliatiaifected by climate, soil, plant spacing, plantkto
results in reduced vigour and plant growth and iised, management history, age of plant at harvest
extreme cases can result in death of plants. and herbivory. Climate is difficult to manipulate

Plants also react to herbivory by providing protec€XCePt for the use of irrigation to overcome soil
tion from grazing through the production of toxinsmoisture deficits due to madeq_uate ramfall. The
or morphological features such as toughness ggher_ factors can be altered re_latlvely e_asnytbat
spines and by compensating for the biomass rg_racn_c_al expediency of such intervention depends
moved (Bergstrom and Danell, 1987). Thus comPn crlt_lcal factors such as the pI’OfIta.bI|Ity anerp
pensatory growth in plants may alleviate the poterfent yield mcrement..Most browse. yield data have
tial deleterious effects of tissue damage, whether NOt been reported with the associated ages of the
vegetative or reproductive organs (McNaughtorPlants at the tlme_c_)f harvest, which reduces their
1983). Danellet al (1985) reported that browsed value for proper utilisation assessment (Skeretan
birches produced shoots with larger and more chi@l., 1988) and also for comparing yields among spe-
rophyll-rich leaves than did unbrowsed birches¢ies and even within species. Tree age influences
Further, Du Toitet al (1990) also noted that shootYield by its effect on root development and distib
regrowth in heavily browsed\cacia nigrescens tion (Adejumo, 1992) and stump diameter (Blake,
more than compensated for herbivory, as net annub®83). Increased stump diameter may result in in-
shoot extension was not significantly differentnfro creased potential growing buds, which affects cop-

that in lightly browsed trees. picability and yield from cut plants. Browse yield
o data for some browse species in tropical, subtabpic
Browse productivity and temperate regions of the world are presented in

Forage yield from browse species is affected bygple 2.
several interacting factors, some of which are too
complex to manipulate. In general, browse yield is

Table 2: Browse yield from legume and non-legume spies
Age at Yield tDM/

Legume species Plant part harvest halyr Source
Gliricidia sepium leaf 2-20 Simons and Stewarts, 1994
Luecaena leucocephala leaf+soft stem 3-30 Shelton and Brewbaker4199
Sesbaniaspp leaf+soft stem 4-12  Gutteridge, 1994
Calliandra calothyrus leaf+soft stem 7-10 Palmetral 1994
Albizia lebbeck leaf+soft stem 1.7-25 Lowetal 1994
Chamaecytisus palmensis leaf+soft stem 1 year 3-9 Lefroyetal 1994

4 years 2.9 Douglaset al 1996

14  Snook, 1994
Non-legumes species

Salix matsudana alba leaf+soft stem 1 year 1.1 Douglaset al 1996
3 years 3.0 Opponget al 1996
4 years 4.7 Opponget al 2001
5 years 2.7-7.1 Hathawy, 1986

Salix kinuyanagi leaf+soft stem 1 year 1.7 Douglaset al 1996
3 years 2.3 Opponget al 1996
4 years 2.9 Opponget al 2001

Populusspp leaf+soft stem 0.2-1.0 Anon, 1995
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Effects of cutting on browse yield and quality available due to reduced plant height and restric-
The effects of cutting height and frequency ortions to browsing such as sharp thorns, often
yield and nutritional quality of forage from many prevalent on mature stems.

browse plants have not exhibited a consistent

pattern. Cutting height usually did not influenceEffects of browsing on browse yield and quality
forage yield, but cutting frequency exerted greatef plant's response to browsing depends on plant
effect on yield (Stuet al, 1994). genetics, development stage, intensity and fre-
qguency of defoliation, plant parts affected, and
modifying effects of environmental factors
Teague, 1985). The consequences of grazing in-
ensity and frequency on individual plants and

However, Tarawalet al. (1996) observed that in
Gliricidia sepiumlower cutting heights (30 cm)
yielded more dry matter than those cut at 50 ¢
and 70 cm during the first harvest. Defoliation

L . lant communities are well documented
responses usually occur within a limited range : .
stump height, below or above which cutting Vallentine, 1990). For example, In South Africa,

height has no influence on yield and quality o Toitet al (1990) compared heavily and lightly

forage. For example, Catchpole and Blair (1990 rowsed trees ohcacia nigrescenand found that

reported that leaf yield dfeucaena leucocephala e net shoot extension was not significantly dif-

was unaffected by cutting heights of 1_5_2_5n{erent between heavy and light browsing by gi-
above ground raffe and impala. The heavily browsed trees grew

rapidly to compensate for the frequent removal of
Guevariaet al. (1978) also found increased drybrowse and had reduced condensed tannin (CT)
matter yield with less frequent cuttinglofleuco- levels and higher N and P contents in leaves com-
cephala Dry matter yield ofL. leucocephalade- pared with the lightly browsed trees.

clined (Karimet al, 1991) with frequent cutting Heavy and less frequent browsing @bleogyne
due to an increased number of recovery phaser%mosissimd)y goats (Provenzet al, 1983) and
which affected the recovery of carbohydrate reBetuIaspecieS by moose (Danei al’., 1985) in-
serves and lowered the rate of dry matter produ¢;assed forage yield and quality compared to un-
tion (Erdmann et a.l" ,1,993)' Erdmannet al rowsed plants. Less frequently browsed plants
(1993) reported a significantly greater number OEutyielded those browsed frequently, and had for-

shoots onGliricidia sepiumcut at 25cm above age which was lower in CT (Provengtal, 1983;
ground compared to those cut at 100cm. They, aiiet al 1985).

attributed the difference to the 100cm stools not

having to grow the same quantity of leaves, ag,uitive value of browse for ruminants

many of them were retained on the stumps, whilg yitive value encompasses all nutritional attrétsu
the 25cm stools were devoid of leaves. In CONgt forage in relation to its overall value to thene
trast, a similar study ob. leucocephalahowed a g, ming animal (Van Soest, 1994). This term is often
greater number of shoots on stools cut at 90-Cilseq in a restrictive sense of forage quality

(Jama and Nair, 1989) compared to 30cm Cumngx/lertens, 1994) or feeding value (Ulyatt, 1973),

height. including protein content and digestibility. Digest
Everitt (1983) noted that the crude protein (CPbility is a major determinant of nutritive value
and phosphorus (P) concentration in regrowth ofUlyatt, 1973) and provides the best practical
Celtis pallidg Zanthoxylum fagoraandZiziphus evaluation of the quality of the animal's diet
obtusifoliacut on various dates were higher thar(Holechek et al, 1982). The nutritive values of

in current growth from uncut plants, at twosome browse species are shown in Table 3. These
months after cutting. Cutting created nutritiousvalues are normally given without indicating the ag
sprouts that were more palatable and readilgf the material chemically analysed and which in no
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Table 3: Nutritive value of legume and non-legumerowse species

Legume species Plant part prot e(i:r:“(ff/fDM) D'gZSDt:al)“ty Source

Gliricidia sepium leaf 20-30 60 - 65 Simons and Stewarts, 1994
Luecaena leucocephala  leaf+soft stem 26 50-70 Shelton and Brewbalg941
Sesbaniapp leaf+soft stem 20-25 66 - 75 Gutteridge, 1994

Albizia lebbeck leaf+soft stem 16 - 23 45-70 Loveyal 1994
Chamaecytisus palmensis leaf+soft stem 15 70 Lefrast al 1992
Non-legumes species

Salix matsudana alba leaf+soft stem 14 68 Opporgal 1996

Salix kinuyanagi leaf+soft stem 12 61 Opporgal 1996
Populusspp leaf+soft stem 13-15 66 - 70 Anon, 1995

doubt may influence these values especially that @§ther than digestion inhibition (Bryargt al,
nitrogen (protein). More active tissues usuallyehav1991). Common secondary plant metabolites are
greater quality. For example, live leaf has highepresented in Table 4 (Barry and Blaney, 1987).
quality than live stem (Opponet al, 2001) be- Secondary metabolites have evolved as a defence
cause of the higher photosynthetic activity. Nurie mechanism of woody plants against herbivory.
quallty declines with deCfeaSing rate of develop"rhis is an adaptive mechanism used by Woody
ment and the outset of senescence. plants growing on low fertility soils (Jacksat

al., 1996) to compensate for their inability to grow
Effect of secondary plant metabolites on rumi-  rapidly beyond the reach of most browsing ani-
nants mals. Of all the secondary plant metabolites that
Most browse plants contain diverse secondaryffect the quality of browse, soluble phenolics
metabolites that can deter animals from feedingccur most widely in woody plants, with tannins
on the foliage. Secondary metabolites vary iReceiving the most attention (Rittner and Reed,
their potency as anti-feedants (Bryaet al, 1992). Tannins occur either as hydrolysable or
1992), primarily due to toxicity of the metabolitescondensed tannins, but the dominant forage tan-

Table 4: Common secondary compounds affecting theéd value of forages

Class Examples

Alkaloids Pyrrolidizine alkaloids, Fescue alkaloids

Glycosides Cyanogenic glycosides, Coumarin,
Isoflavones and coumestins

Mycotoxins Zearalenone, Trichothecenes,

Sporidesmin, Phomopsin, Lolitrems,
Swainsonine, Slaframine, Ergot alkaloids.

Polyphenols Tannins

Proteins and Amino acids Bloat-producing protein,
Mimosine, Indospicine

Simple acids and their salts Oxalates, Nitrates, Fluoroacetate

Steroids and terpenes Saponins

Adapted from Barry and Blaney (1987)
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nins are usually of the condensed type (Kuma#0 gCT/kg DM) improved nutrient utilisation by
and Singh, 1984) in woody plants (Rittner anduminants. The latter occurred principally by re-
Reed, 1992). Examples of browse species witducing forage protein degradation in the rumen,
varying concentrations of condensed tannins (CTthus simultaneously eliminating bloat and increas-
are presented in Table 5. CT at low concentrang amino acid supply to the animal (Barry and
tions (20-40 g/kg DM) are nutritionally beneficial Blaney, 1987; Waghoret al, 1990; Jacksort
through decreased degradation of dietary proteial., 1996).

:cn tg.e rumen, %ndbmcregsedl p(rthem ava"?f"”)f\lastis and Malechek (1981) found reduced volun-
or digestion and absorption leading to goo an'fary intake and digestibility of cell constituerits
mal performance (Waghoet al, 1990). goats’ fedQuercusbrowse with high CT concen-
Many evergreen shrubs such Agemisia spp. tration. Daily drenching of sheep fed leaves of
and Quercusspp. have high (> 76 gCT/kgDM) Acacia aneurawith PEG (Jones and Wilson,
levels of CT and other anti-nutritional factors. In1987), or brushtail possum (Cork, 1984) fed euca-
woody plants, results indicate a negative correldyptus, resulted in increased food intake and cell
tion between CT content and palatability. CTwall digestion. Sheep and steers grazBwyicea
binds forage protein and reduce their availabilityespedezaonsumed more of the low CT contain-
and digestibility, and they also restrict microbialing plants than those with high CT concentrations
fermentation of structural carbohydrates (VanKumar and Singh, 1984).

Soest, 1994). Our knowledge of the attributes of CT in woody
Some studies have used polyethylene glycalpecies is limited making it difficult to extendeth
(PEG) to bind with CT thereby enabling the ef-implications of CT values of herbaceous forages on
fects of CT to be determined by comparing reruminants to browse. Cautiously we are inclined to
sponses from CT (no PEG) and non-CT (+PEG)elieve that the limit (< 50 gCT/kg DM) set as keru
treatments (Barry and Blaney, 1987). This techef thumb for any nutritional benefit (Waghomet
nigue was used to determine that high concentral., 1990) may not be appropriate for all forages.
tions of CT (60-90g/kg DM) irotus peduncula- We suggest that the nutritionally beneficial CTelev
tusdepressed cell wall digestion, voluntary intakeshould be set for different types of forages. Kumar
and liveweight gain while low concentrations (20-and Singh (1984) reported anomalies in the digesti-

Table 5: Condensed tannin (CT) concentration (gix DM) in leaves harvested from browse
species (estimates from butanol-HCI method; samgd were prepared by freeze drying)

Species Total CT (g/kg DM)
Acacia boliviana 175
Arachis pintoi 33.6
Calliandra calothyrus 57.8
Cassiasp. 93.2
Flemingia macrophyllg17405) 240.1
Gliricidia sepium 40.7
Leucaena diversifolia 92.5
Leucaena leucocephatar Cunningham 60.3
Leucaena pallida 67.2
Tadehagi triquetrum 145.6

*Accession number; Adapted from Jacksoret al 1996
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bility of proteins of various tree leaves and exCONCLUSIONS AND RESEARCH NEEDS

plained that these may be due to the type of tanniBrowse species are potentially indispensable and
protein precipitation capacity and degree of polymnutritionally beneficial components of the animal's
erization. Our contention is that the CT of woodyenvironment and they must be given due research
plants may be functionally different to that of -her attention. Data on the management and use of
baceous plants since the structure and extent bfowse species are conflicting, therefore, the feed
polymerisation of CT determines its biological ac-advantage of browse compared to alternative feed
tivity (Kumar and Singh, 1984; Clausest al, sources is disputed (Oppong, 1998). Several trials
1990). Moreover, chemical defenses of woodyave been conducted in semi-arid to arid areaseof t
plants vary by growth stage and by plant parts wittropics, with few in temperate regions. Numerous
growth stages. For example, the buds and intepotential browse species are available in temperate
nodes of young and adult stage®efula resinifera areas, which should be thoroughly studied to gener-
differ in chemical defenses (Bryagttal, 1991). ate data for the development of appropriate manage-

. . . ments for these plants to provide good quality fod-
Secondary metabolites and selective behaviour jo ¢or dry periodg in thesepareas. ¢ quatlty

of ruminants

Ruminants select a diet from the plants available Browse species react differently to cutting and
them (Gordon and Lascano, 1993). The grazingrowsing and any species evaluation must be based
process is a system of diet selection interactiig w on both management techniques. Preference studies
the animals’ physiological needs. That is, animalen browse species will determine the most nutrition
seek the most energy-efficient sources of foragelly beneficial species for ruminants and based on
(Stuth, 1991). The discriminatory nature of herbithe preference rating species could be selected for
vore in the choice of forage is mainly due to gyali cultivation.

and chemical defence of the forage plants. Abur§ystematic effort should be made to evaluate in

dant evidence shows that food selection and ingeg:, . . L _
tion is regulated by toxins rather than by inhiiti detail known browse species for their yield potnti

. . . and fodder quality. Studies are required into impro
igg{c))tem or carbohydrate digestion (Bryantal, ing browse yield through (a) breeding of browse

species that are fast growing and high yieldingg-am
Little information exists on diet selection by rumi nable to browsing through low canopy formation
nants faced with conflicting constraints that mayand improved morphology to enhance accessibility
arise from the presence of secondary plant conand persist under intense and frequent use, and (b)
pounds. For example, plants with high levels of Cespond to soil amendments such as fertilisation.
may contain high level of nutrients and energy, bufiore animals’ responses on browse should be deter-
the astringent sensation animals probably expefinined. The effect of browse species on associated
ence when consuming them may lead to their rejegpecies, especially in a tree-pasture system aso d
tion, which could be a nutritional mistake sepyves systematic study. The importance of secon-
(Provenzaet al, 1991). The rejection of CT con- gary plant metabolites especially condensed tannins
taining plants or plant parts is presumably aRpould be studied, as woody plants tend to have hig
evolved response by animals to the negative effectgncentrations of CT and their nutritional role in

tannins have on forage digestibility and thereforgyminant production systems need more attention.
animal fithess (Rhoades, 1979). Studies of domes-
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