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Although the technical advantages in terms'6f animal productiod and ‘improved

soil fertility of the use of herbaceous legumes have been well demonstrated in

Kenyaand: elsewhere, adoption ‘by small-scale farmers has been disappointing. -
This has led to increased research into the use of both indigenous and €xotic fodder

trees. In common with conventional pasture legumes, tree foddersicantain high

levels of crude protein and minerals and many show high levels of digestibility.

They are readily accepted by livestock and because of their deep-root systems,

they continue to produce well into the dry season. Anti-nutritive factors can be a

problem however, and polyphenolics, toxic amino acids, cyanogenic glycosides

and alkaloids are found in many tree species. There are abundant niches on small

farms where fodder trees can be grown without affecting crop production. In the

Embu region, it has been estimated that 3 kg of fresh fodder of Calliandra
calothyrsus has the same effect on milk production as 1 kg of commercial dairy
meal. Up to about 500 trees (250 m of hedgerow) will produce enough fodder to

supplement one dairy cow for a complete lactation. The tree fodder can either
replace the concentrate without loss of yield, or it can complement it to produce
more milk. Calliandra is being enthusiastically adopted by small-scale farmers,
many of whom are starting to produce their own seed. Other tree species are now
being studied to avoid over-reliance on a single fodder species.

Introduction C e NI HEeE
The livestock population of Kenya is estimated at 12 million cattle, 19 million
sheep and goats, 18 miilion poultry and 113,000 pigs (KARI, 1991). The distribution
of animal species is influenced by both climatic conditions and the prevailing
production systems. Cattle are found from semi-arid to humid areas (receiving
generally over 500 mm of annual rainfall), while the majority of the small ruminants
are found in the semi-arid areas. Poultry are present in all parts of the country,
while pigs are commonly kept in the high potential, densely populated regions,
especially near urban centres.

Dairy cattle production systems

The national dairy cattle population is estimated at nearly three million (KARI,
1991). About 80% of these animals (Friesians, Ayrshires, Guernseys, Jerseys and
their crosses with local zebus) are found on small-scale farms (approximately 1-2
ha) in the high agricultural potential areas of Western and Central Kenya, where
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they produce about 80% of the marketedmilk. Production systems are mainly
intensive in nature, largely based on zero- and semi zero-grazing. Most small-scale
farmers practise full zero-grazing, while semi zero-grazing systems are often used
by larger-scale farmers. Here, cows graze on natural, or improved pastures by day
and are confined at night, when they are offered a variety of feeds... . .. '

Feedresoures, . .

S S L UL U S C B R R T P .
Various types of feeds are carried to livestock, including fodder crops, weeds gathered
from cropping areas, crop by-products and residues, ‘agro-industrial by-products
and purchased concentrates. The importance and nutritive value of these feed sources
vary seasonally. In the wet seasons, the bulk of the feeds consist-of fodder crops
and weeds, while in the dry seasons, these are supplemented by crop residues{Abate
et al., 1992). Napier grass (Pennisetum purpureum) or hybrids of this with P.
typhoides, arg the. most important fodder crops. Pasture grasses include Kikuyu
grass (Pennisetum clandestinum), star (Cynodon spp.) and Nandi setaria (Séiaria '
anceps), while maize stover is the most abundant crop residue.. The, estimated
availability of some common Kenyan feeds is shown insTable 1. In spite of these
apparently abundant;resources, feed supply is often a major ppnst[gifnt‘,; This is
especially so in the dry seasons, which in the high agricultural potential areas are -
most severe ﬁ'om January to mid-March and from August t6 mid-October.._.>. .
; Do A arhpdegd Lo ool rieoig e
In order to improve the nutrition of dairy cattle, mixtures of grasses with herbaédous °
legumes may be incorporated into the forage system. One commonly recommended
association is Napier grass planted with either greenleaf or silyerleaf desmodium
(Desmodium intortum and D. uncinatum respectively). The legumes generally have
a higher nutritive value than the grasses, being superior in both protein and mineral
content (Skerman er gl., 1988). Such mixtures promote higher animal.intakes of -
energy andvpl_'gt'ein, resulting in increased weight gains and milk production.

Legumes have also been shown to improve soil fertility (through their ability to fix
atmospheric nitrogen) and organic matter status of the soil (Shelton, 1990) and
their use is generally considered to be a more sustainable approach to soil fertility
enhancement than the use of inorganic fertilisers.

Despite their clear, demonstrated advantages, the use of herbaceous 1egumes has
not been widely adopted by small-scale farmers. This may be partly due tg the
present scarcity and associated high cost of legume seed. Farmers have often reported
difficulties in establishment and management of mixed stands of grasses and
Iegum_es, particularly when the grass is a vigorous species such as Napier grass.
Attention is now focusing on the use of multi-purpose fodder trees to provide high

quality animal feed, to improve soil fertility and to supply firewood in small-scale
farms in the highlands.
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This paper examines various aspects of fodder trees, including positive quality
factors, anti-nutritive factors and their place within the farming system. It concludes
with a case study of the use of Calliandra calothyrsus in the Embu region.

Table  Annual production of feeds used in zero-grazing systems in Kenya

Feed Annual Production™ 3%}
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Source: Adapted from Abate ef al., 1992
Quality factors of fodder trees

In comparison with pasture grasses and legumes, the study of fodder trees and
shubs is of recent origin, even though pastoral societies have used browse species
for feeding their livestock since time immemorial. Woody species have many
advantages for animal production, amongst which are high feeding quality in terms
of protein and mineral contents (as already mentioned); tolerance to a range of
management practices; longevity; and the ability to produce fodder when other
species have become dormant due to harsh climatic conditions.
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Protein content and digestibility

Some typical figures for feeding quality and digestibility of a range of tree fodders
are shown in Table 2, in comparison with a common West African grass
(Oxytenanthera abyssmxca) averaged over a number of sites and sampling dates. In
general, the crude protein (CP) contents of the trees are much higher than those.of
grasses, even at the best times of the year when growth is vigorous. It is generally
accepted that a dry, non-pregnant cow requnres a diet'with a crude protein’ content
of about 7% (DM basis) merely for maintenance. | ?fls increases to at ]east 12%
dunng lactatlon While the quality.of grasses cahfall we]l bélow, the nort !‘al
maintenance uirement during a long, dry seasﬁn tree fodders will normz ly
prowdeﬁuﬂ' c;‘;t\CP to,J ustify theinuie as dletary,gupplements o AR R ]

The iin Wro dlgeﬁflblllty of nonglegummous trees (Morus aIba, ;'ren%ag ‘onentohs
and Manihot glaziovii) appears to be higher than for the legumes, but care is needed
in theinterpreting these data since onlythe leaf blades (without the stalks which are
commonly eaten by livestock) of the non-Iegumes we analysed and th|s 1 Eave
blasedtheresult5upwards . RR :v l 5 % 2 !
X1 :

Mm,eral contem'

Typlcal mmeral eontents of twd tz}nﬁ\ﬁn tree foddex s re corﬁpared wn:li te &he '
West African grass in Table 3. Sodium levels of trei | »dders are often lov, but;i ur
many areas of the troplcs ammaI§ on grass alone a'{ ' need a salt suppI<I nent' td"
prevent_deficiency problems.Jree leaves are com v nly richer in caIcnugnéan
phosphorus than'grass pasturesat comparable stages ( "growth and deficien of
these two minerals are often mp)ncated |naerduhtlve problems of mmqn
ammals { | i -
- SRRV R 0'4.‘8 on,,zs'/:t”m‘- 5
The mlg*o-eléﬁ\eﬁf f)‘lcture i ﬂss fear, as the 1% found in h‘érbagé"
more closely” related to the ablllty f the soil to &upply them than to the s ies or
herbage ’gl‘OWn | AT % i - I
g !
Lo !
l‘w
As with other groups of plants, trees adopt dlfferhnt strategies to cope with agv,érse
conditions. However, they are often more readily. manipulated by man geritent
practices than grasses. For example it is well recognised that Gliricidia septum,
which will readily shed its leaves in the dry season if left uncut, will retain them
and continue to grow long after rain has ceased to fall if it is severely pruned durmg
the normal growing season (Allen and Allen, 1981). It is assumed that since the
roots of trees are able to penetrate farther into the soil than those of grasses, they
are able to tap a larger volume of soil and can therefore continue to grow under very
dry conditions. Whether or not this is true, trees and shrubs are commonly seen
with green leaves at times of the year when grasses are dry and have very little
nutritive value. They therefore offer great advantages with regard to the feeding of
livestock.
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Anti-nutritive factors are physical and chemical features of plants which result in
lower levels of animal productiyjty t})qn would be expected from chemical analyses
of the fohagc They protect plants from excessive damage by acting as feeding

iy

deterrents. Many appear to be theresult of co-evolutlon ofthe plants with herbivorous
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animals (Levin and York, 1978), or insect pests and plant diseases (D’Mello, 1982)
They range from the purely physical, to symbiotic relations and chemical reactions

Most trees will rapidly grow out of the reach of livestock unless they are carefully
managed. Plants can be rendered unattractive as forage by their effects on any of
the senses of the animal. Acacia lysiphloia has sticky foliage, and 4. coriacea gives
off an offensive odour, both of which may be repellent to livestock (Fox, 1987).
Many genera, for example, Acacia, Erythrina, Mimosa and Prosopis, are recogmsed
for their dangerous thorns and spmes (Allen and Allen, 1981) v
Myrmecophily isa symblotlc association of ants with plants, the best known example
being the 'swollen, stipular thorns of some hinie'neotropical Acacia spp. which are
inhabited by ants of about five species of the's genus Pseudomyrmex. The ants feed
on the enlarged foliar nectaries and modified leaflet tips of the plant In return, they
protect it from defoliation by insects and herbivorous animals by swarming to attack
when the tree is disturbed (Allen and Allen, l98 ). The ants present a formidable
defensive barrier to the grazing animal. .

Chemical constituents

llllll

secondary compounds) than those of herbaceous plants Some_‘of the mast important
ones to be found in fodder trees are discussed below.

e Carne s

Phenolic compounds . (, D Q‘Q[F f-.«ﬂ;"

Plant materials contain a w:de range of phenollcs from low; molecular weight,
metabolisable phenols to the much larger polyphenols, a group which includes the
tannins. These are commonly found in the leaves, bark, fruit and twigs of trees and
are thought to confer resistance against both insect and fungal attack (D’Mello,
1982).

Hydrolysable tannins can be degraded either chemically or enzymatically into a
sugar residue and a phenol-carboxylic acid. The components may then be absorbed
through the gut wall of the animal. They can influence animal performance through
their effect on the palatability of the feed, although in some cases they may also be
toxic (Mangan, 1988). They are mainly found in fruit pods and plant galls (Liener,
1980).

Condensed tannins (procyanidins or proanthocyanidins) are the principal tannins
of forage legumes and are usually derived from condensation of flavonoid precursors.
They cannot be degraded by enzymes and are therefore unlikely to pass through the
gut wall. The formation of protein-tannin complexes may depress the nutritive value
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of fodder by reducing both voluntary feed intake and digestibility. The acceptability
of browse appears to be, in part, related to the concentration of condensed tannins,
although there may be a threshold (about 5%), below which there is no measurable
effect (McNaughton, 1987). '

The principal effect of tannins is probably due to their ability to precipitate pmtclﬁs
They provoke an astringent reaction in the mouth of the animal, probably by reacting
with proteins in the saliva and the mucous epithelium, whtclt impairs lubrication.
They may inhibit digestibility l:y the formation nfreln:wel} indigestible’ prmem-
tannin complexes and by the d:n:::l inhibition of dlbcstwc enzymes ﬂnd t111l:m— !
organisms. Tannins are assu med to reduce voluntary mtake either by their astrin gent
effect, or by reducing protein dlbgestll:.nllty and absorption. The exact me l'ian;smI is
pootly understood and results aré conflicting. Tannic acid added dir 37 to the
feed does not always produce the resul[s ascribed to naturﬂl tannins, :

| ]
Tolerance of tannins varies between animal species. The sali»u of some species,
such as deer, rodents and goals, appears to conlain pmlme -rich proteins, which
may tonstitute a first line of deem:r: agmnsi tannins. Canle sheep and clm:kens
appta.r to have less, or pmmhl}f no Eapacity to secrete these proteins {D Mello,
1992). Poultry and horses show toxicity symptoms when fed tannic acid at l::w:ls of
about 2% of diet (DM basis) while ruminants are able to handle higher levels without
adverse effects. Deaths in shccp and cattle have been attributed to high | levels of
tannins found jn Quercu,; Spp. ﬁndtﬂnnlns have been |rnplmalcd in low mllk yields;
reduction in available sulphur; todic, degenerative changes in the intestine, liver,
spleen and kidriey; the appearance of mucus in urine and fatal constipation {Kumﬁr
and Singh, 1984). It is suggested that tannin-rich fodder for ruminants be rcﬁtnctcd
or fed with caution, but the risk to unconfined animals is generally small, since
given a choice, lhw will seldom consume enough tannin to suffer harm, |

Condensed tannins are generally considered to have two beqef icial effects in
ruminant nutrition. Firstly, they may protect labile plant proteins from microbial
degradatlon in the rumen. This could potentlally increase the supply of hlgh quallty
Secondly, tannins appear to be implicated i in the preventlon of bloat m sheep and
cattle by hindering the formation of stable protein foams in the rumen.

Toxic amino acids

Free, non-protein amino acids occur in the leaves and seeds of many plant species,
including a number of grain, pasture and browse legumes. They can interfere with
the normal metabolic processes of animals as a result of their effects on either
amino acid biosynthesis and transport, or on activation and incorporation of amino
acids into protein molecules (Hammond, 1987). The best known of these compounds
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are mimosine and canavanine. Mimosine is found at high concentrations in Leucaena
and Mimosa spp. where it acts as a natural fungicide. Canavanine occurs in some
species of Canavalia and Sesbania, and in some temperate pasture legumes, where
it appears to have insecticidal properties.

Mimosine is typically found in foliage of mature leucaena (Leucaena leucocephala),
al concentrations in the range of 2-3%: (Brewbaker and Hylin, 19635), with higher
levels of up to 10% in young, expanding leaves. This can result in depilation, growth
reduction, general ill hl..allh and reproductive disorders when the fodder is fed to
non-ruminants at levels of 5-15% o of dictary DM {Hutton and Graw II‘:PS?} or to
ruminants at levels of %ver 1% (Jones and Hegarty, 1984), -t o

)qa?ﬁvvv £02 3"{")"‘1.“":[”

1 4gp 3ui 4 [une VP RN *‘ﬂ")"' ¥y, g s
In‘areds ih here leucadna js i natn/e or naturafsed and animals haye eaten it for many

years, rumen bacteria have evolved which are capable of degrad;ng mimosing o ..
non-toxic metabolites (Jonés and Megamty, 1983) In such areas, fuminants can be
maintained on diets of 100% leucaena for months at a time wnthogt showmg toxnclty.
symptoms (Qulntyne 1987) The capaclty ‘to render mlmosmel harmless was‘
transferred from goats in Hawan to oats and' suhsec:Quently to catﬂe in AHstrahg by
mocufatlon wnth lmported rumen hquor‘(‘Jones 1985) Fora modest post rummant
resistance to nnmoslne toxnclty can be mtrodu%ed |nto areas wherﬁ ht doyﬁnot oocur) !
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Canayanine 1 a watcr-su]ublc heat resistant struutuml analogu{: qf'argmlm whichs
is Capa‘ble ofradlcal mterf"emnl.r. in the metabolic pathways of livestock. Mammals
are ‘considered to be more tolerant of canavanine than are birds (D*Mello, 1992).
Cattie &)nSumlng In éxcess of 30% of their diet as seed or meal of Cangvalia
en.s‘{f' rrri?.s‘ are at rlsk (Skerman et al., i‘%%) Symp}oms of Toxrcuy wc‘luge ;gvv_"
body temperature ac[.ejajt nasal‘ lsc ~arge ﬁ?rquent passmg of cleargxnne, pamenegh,
prostration ahd death.”

Cydnog?ehrc glycosides

Hydrogen cyanide (HCN) is potentlally one of the most serious antl-nutrltlonal
factors in fodder trees, smce |t can lead to rapld death. Symptoms of poisoning are
due to oxygen starvation at the cellular level and include laboured breathing
(dyspnoea), intense red conjunctiva, frothing at the mouth, bloat, convulsions and a
staggering gait. Post mortem examination often reveals a characteristic almond
smell from the stomach contents.

Cyanogenic substrates, usually glycosides, react in the di gestive tract of the animal
with a hydrolysing enzyme to produce HCN. When HCN production is low, little
threat is posed to the animal. Maslin et al. (1987) suggested that plants producing
HCN at levels above 200 mg/kg (7.5 pmol/g) fresh weight could be dangerous to

3

livestock. Plants containing both large amounts of cyanogenic glycosides and also
an endogenous hydrolytic enzyme have the highest potential for toxicity (Maslin e
al., 1987), although broad spectrum enzymes present in other fractions of the diet
could react with the cyanogenic compounds to release HCN. In South African Acacia
spp., leaves and immature pods produced higher levels of HCN than mature pods
(Steyn and Rimmington, 1935). Acacia robusta contained the glycoside but not the'
hydrolysmg enzyme and s0 was consrdered to be less dangerous than other species.
Cdes [PATR TIN5 S N 3 o Ue.0emn (".\_’}! e B Hb.) J}.,
Hydrogen cyanide’ levels ‘o Mdmhot escuIenta canvary ﬁ%ﬁl‘400 mm frésh
material in mature leaves to 620 mg/kg in'young léaves (Gondwe, 1974). Through
sun drying, -however, these can'be teduced to ‘accéptable levels for feeding to
ruminants (Devendra, 1977). This simiple treatiment opens the possibilities of wider
utilisation of Manikof glaziovii, 4 iaturalised tree in Central Ktn}"a' that is Sometimes’
used by farmiers as a'Source of foddet. Manihot Zlaziovii hiis an exceptionally high*
crude protein content (Table 2) but is believed to also havéhigh lévels 6f HCN'in®

the fresh fodder, '« 7 -~ » iebhoi pwates g BobVQIG o e L V"fﬁ“P 07
T eisanbena Jomigeitaalol .mmw,zf""
Alkaloids ‘”"‘I o CNonmenen ik “‘ ket P-q"r % ‘Hﬁpl“ acd Mada ”"gb
- ,hé..h,.m Vs et b bhien nenoitrineasloasz saassual 10 108 Al

The alkaloids are a heterogeneous group, with diverse chemical structures; They
are complex compounds containing nitrogen, usually in heterocyclic and/or aromatic
ring structures, Ofien they are poisonous (o livestock but thl:rc are many’ t‘tﬁ.lﬂp]l:'i
of alkaloids with medicinal prupr:rtics They are almost universally bitter.in taste
and while their role in plants may be as possible defence mechanisms against plant
pests (Levin, 1976), they are commonly thought to n:|'| resent evolutionary abérrations
of nitrogen meta,bolism (Kingsbury, 1964), — o B N
+.01 (UBN

Alkalonds argfgund in some 5_1 O‘Zo ofjllplants bemg more.common in tropical
than in temperate species. Plant families such as Leguminosae, Amaryllidaceae .
and Composntae are noted for high levels of these compounds. The alkaloid content
of a plant is usually a feature of the cultivar, varying little with ecological factors
such as climate, season and ayailability ofwater,. although there can be wide
differences between varieties of the same species. Unlike tannins and toxic amino
acids which tend to be concentrated in certain plant parts, alkaloids are often
uniformly distributed throughout the plant, all parts being equally dangerous (or
beneficial) to llvestock The reaction in a given organism is usually quite specific,
although there may be considerable variation between different alkaloids in the
same animal species, or with the same alkaloid in different animals (Kingsbury,
1964).

Shrub and tree species containing appreciable quantities of alkaloids should be fed
with caution and the fodder should be evaluated with a range of animal species
before being recommended for general use. However, species of Erythrina for
example, a genus noted as a source of alkaloids, is attracting attention in Africa and
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South America as multi-purpose trees suitable for use as fodder and for windbreaks,
shade, fences and fuel (Brewbaker, 1989). It is not possible to draw general
conclusions regarding the effects of these compounds on animal production as
information on this subject is insufficient:

A”WP"‘"’““’""’{M””fodde’s R T A dj‘ Fonsni A i o)
ALY PRETSURRE- Vil BT 1]/ SLRRRL AP Ic T Chevobiefon o s Biw e SROgie okl
There are many examples from all pans of the tropical world where a range of tree -
fodders have been shqwn to have positive effects:on animal production, These are:
typg&edby research reswlts pbtained in Kenya.jMilk production from cows fed on .
bqs§[ dietof Nyp;ggps; increased with jncreasing levels of daily supplementatlon
with leucaena (]‘ able 4). Similarly, zebu bulls kept on maize stover showed significant
liveweight gains only, when the basal diet was supplemented by a daily ration of ..
leycaena hay (Table 5). These findings indicate the potentlal oftree fodders uQed in o
relative]y small quantities to  complement the medium-to- - - T TN
poor quality roughage provnded by pastures, fodders or cereal stoversuin Drder io 4
obtam lncreased levels of animal production.
AW
Table 4: Effect of leucaena supplementatlon on milk production of crossbred cattle
kept oh a basal diet ‘8f Napief grags{PerfmféﬁIn? ﬁwpureum )y o6 - omehiois s o

SUTE s alhey e s 1 L i e ndillgs Lo 2bAueinoo xelgmos

esiqinDaily Supplerhént’ * 4 dotea ' Total DMDH 91 o= 4 Qg1 produiction’ !
Wf(kg‘lé\JcaenaDM)' waenle s ’(ké/da)’)“" 1 ! msquoa”(kg/daﬁ HQIL AN §O

Stely 1omia o areingionr songteh of weeoq ezad v eiighi o BYS LEYTE TR
'(I‘IUP"ﬁﬂ'm r.mmulou "%m&: W mg«g‘l'kxm,« ot 918 ot Gl ahy o0l eng
TT100 QO m SN 98321 ‘(‘mr*" i} maqui s rudmnn?to
P A . A [
20 ' 104 .~
eniton - cubon eneen wrgad jeci ietg @00 o€ moa L 103 (2 bmlsuly\
SourcekaRI(|990) sastitaald oo st eutiiingt suiv e lJJQr: u ma\.m T nBr‘!
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Table 5: Effect of leucaena supplementat:on b growth rates of Zebu biills kept on
a basal dlet of inaize stover - "' angeid o GERL RS

L R BT DGR DU S6 4 L dE i v ‘;...;v
Daily supp’lement
(kg leucaena hay)
nil 420 8.0
1.0 4.14 236.0

Source: Adapted from Abate e al. (1992)
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Case study: Calliandra calothyrsus in the Embu Region
Introduction

In a relatively jearly, general planning document, Minae and Akyeampong (1988)
noted the importance of livestock in all of the six‘land-use systems (LUS) which
they identified in the bimodal highlands of East Africa. Pure or cross-bred dalry )
cows were gommonly zero-grazed in the higher potentlél ‘areas, w}uIe extehsive
grazing of X _thzebu cattle and small stock were mostly rpsg]cted to the drier areas
of lower agricultural potentigl. Shortage of fodder, coppled withiow levels of protein.
in the feed, was. ;dentlﬁed,a,s a major. constraint ¢q gnimal production across all. ;
icularly in the dry seasons (Hoekstra, 1988) and research jnto treé fodder- -
sed asa potentlal solution to this problem (Minae and Nyamai, 1988)
aaar Wl as.unes ow byigeis Atdetadl Jnoscags s e igaituesal
Coordination and collaboratlon in the approach to this work was estabI’?,hed attwo
Ievel,é *Regionally, in Septembét 1986, ICRAF sét up'dii‘Edst and Cétral ‘African
Agroforestry Research Network (AFREMA) within the highlands covering Bilrundi,
Kenya, Rwandarand Uganda, It seems likely that both Ethiopia ‘and Madagascar
will join this initiative in'the future) Within' Kenya, the National ‘Agroforestry
Research Project (NAFRP) was started in May'1 991 85 d'j6int activity bétween the
Kenya Agricultural Research Institute (KARI), the l'..enya Forestry Research'Institute
(KEFRI) and ICRAF. One of the principal sites chosen for NAFRP activities was_.
the KARI Regional Researth Centre‘in Embu’ and Ti"Febritary” 1994 AFRENAL

decided that this Tentre should take thelead in régiondl teséatchiint6' fodder g
Ilvestock issues;of 1310 £iS1100 0F o, 10 vred 20109 »¢ sl hsluoinen

Pongiedt 30T (0 LQRL AR b aveagir ] <891 aeplanT s asusl)age dot e m

Fodderzreesmmfamddmsienmb!b‘mslsd Mwcbafize: sbivorg ot hoes meen

A devaboaiater wiod duse griddstno csamedantic bis cocemg dtiw xSubo”f
The potennal of trees t6 conttibute to vfmmingwst’eﬁis'iﬁ'feﬁns bffpfédﬁ%hdn@f"‘
fodder, meat and milk has been clearly:demonstrated in' many countries, although
much of the work has been conducted with fodder banks (Paterson ‘ér al.,; 1987
Ruiz and Febles, 1987), a technique that may be of limited acceptability on the very
small farms characteristic of the East African highlands. To ensure addptionof *
fodder trees, specific niches would be required that do not result in competition
with, and reduction of yields of crops grown on the farms. Where possible, fodder
trees would be more attractive if they also served other purposes such as $oil erosion
control, or boundaxy demarkation (Minae and Nyamai, 1988). The Agroforestry
Research Network for Africa (AFRENA) activities were initiated within the East
African nghland§ concentrating on the following planting niches (Hoekstra and
Beniest, 1991), which were thought to best address these conditions:

Tree/grass combinations on field bunds
Fodder hedges on contour lines/boundaries
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Inclusion of tree hedges in fodder blocks (as in the fodder bank technology
found in other tropical regions)
Upper storey trees with a fodder understorey 3N

These activities are currently practised in Kenya (Embu and Maseno) and Uganda,
and were also initiated in Burundr and Rwanda before the recent civil problems, "¢
‘ e oonel N Lot e

Objeatvesand[zypotheses ot abEas e AGo Y WOD

The principal broad objectivé oTthe researcl'l)Was to |ncrease ammal ‘production3
primarily in the émall-holderl‘lntensrve dairy sector, through lmproVed ‘h’utntlon’ 4
This objective was siibdivided into a flumber of components for investigation ¢ on’

both research statlons and pnvafe l’arms Thesl: can bé detailed as follows o €

(RO

. Identll'catlon of agronomrcally surtable adapted tree specles for the chosen
B‘Ji cniches . . . ) SEREVTE PR
* g Measurerpent of fodder productlon potentral of the trees mthe various.
f]h ;~nl¢heS S T R A T el A

Identlﬁcatlon of apprpprrate prag:trcal management technlques .
., Study of the effect of the trees on animal production. i, : ,
R gz\gﬁ .. doptabphty by{am;e};s of the wrecommended practlces (socroeconormM
ety iR pects)*xr" HERWTL s Ay s ansd b G, J-AJ‘U e

IR : L3t ages pena ORI <G ”L) AR npsiaiE N
The work was based on the hypothesis that;the deep root systems of trees should:i;
enable them to,continue to;be productl\{e well into the dry season;: Many trees,o
partlcularly leguminous species, have been shown to contain high levels of protein -
in their foliage (Ruiz and Febles, 1987; Thijssen et al., 1993a, b). This feature has
been used to provide animals with balanced diets by*mixing.the protein-rich tree
fodder with grasses and other forages containing much lower protein levels. In
‘many cases, this has proven to be more economical than the use. of concentrate’ !
feeds (Paterson et al., 1987). Adaptive research was needed to show that srmllar
effects could be obtained locally.

Methodologies

The methodologies employed varied widely, depending upon the objectives of the
particular experiment. They ranged from formal, on-station experiments to on-farm
work with varying degrees of farmer control, in combination with surveys to describe
current farmer practices. The work was, however, aimed mainly at the areas with
higher rainfall and greater agricultural potential, since in these areas, livestock are
keptin confinement and fed under a cut-and-carry system. In the semi-arid regions,
it is more difficult to see where an agroforestry intervention could have a role,
since the presence of uncontrolled animals causes many problems during the
establishment phase of the trees.
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Results

In the coffee zone of the Embu region, a survey conducted amongst 50 farmers in
1991 showed that while tree fodder was considered to be important for goats, it was
not, at that time, routinely used for cattle except during times of extreme feed
shortage. Of more than 90 tree and shrub species found on farms in the area, only
10 were being used as fodder (Thijssen ef al., 1993b). Of these, Commiphora
zimmermianii- was found on 70% of the farms surveyed, followed by Croto‘nm
macl'ostaéhyﬂs (46%), Ficus spg {3 8%) #nd Leucaemf ledcb?}ephblf gzs%) : .
Yo scopbortal sre od 1o DRSNS FER ) (UN Sis
Ina é?}rve; cpnduclé)qrn She follow mg year w,lth 29 farmers, it was as phseryed that
41% had no  experience with tree fodder butall showed interest in plantlnlg trees or .
shrubs for thls purpose (Thijssen et al., 1993a). The preferrcd niche plantlng sites
were wrthln crop lands (38%), along boundaries (31%) as fodder banks (14%),

around thg £lgome eompound (10%) and qear the zero-grazmg unlt(lOA) At o

In both Kh-statron and ‘on-farin activities, much of the early ‘work’ on fcldder
productlon was conducted on'thé tree- legumes sebania (Sesbania sesban) leucaena
(Lesicaena IeucocephaIa) and calliandra (Calliandra calothyrsils) largely because
thesé!species-were knowh'to be aéronomlcallyhdaptéd to the are4: Deéplte‘8°°d
establishment and early growth sesbania sufféred hlgh mortallty ufider frequent
defoliatiol'and was théréforeé of Jimited use for' ll'ltenswe ‘fodder pl‘olllletléﬂl!{fls
capible of producing high'yields of biomass whiéri allowed to grow uncut for & yéar
or more. It could therefore be used as a short-term fallow, at the end of Which'the-
available foliage may be either fed to livestock or lncorporated into the soil. 8

green manure (Heineman et al., 1990; Otieno et al., 1991). - c ; bl
P A I s

In August 1092, the Leucaena ps:,a]lu:l (Hereropsylla cu&aﬂa] was first seen Iﬂ
Mumbwa {Reynulds and B:mbun 1993), and reached Embu by the end of, that
year. P.ILhuuf:h a high pn:uporunn of ]r:m.ar.na ]‘.rccs survived the attack, it caus«-.d
severe de ﬁ:rllauuu greatly reducing the usef ulness of the species asa fodder producer.
Alternative species such.as L. diversifolia, L. esculenta and L. palida have been
tested for fodder production as they show some degree of tolerance to the psylltd
but in many instances they are less leafy and therefore less pmduc’rwc from a
livestock pcrsp;clwe than the more common L, lecocephala, 11510 be hoped that
with the passage of time; a biological balance will be reached betweei the psyllid
populatlon and a range of natural predators (ladyblrds lace-wings, etc.), as has
occurred in S.E. Asia and Australia. This should result in a drastic reduction in the
level of damage caused by the pest. Research continues with leucaena, although
most farmers have lost interest in it and some have even uprooted the trees that they
had planted in previous years.

The most useful fodder species from the three that were planted out on farrn Is
calliandra. It has shown excellent adaptation to conditions in the highlands, being
both productive and persistent. In Rwanda, when planted on bunds, some 9'5% of
trees continued to survive after seven cuttings over a period of 48 months (Niang e/
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al., 1992). It is occasionally attacked by both large- and small-scale insects which
adhere to the trunk and branches to suck the sap from the plant. These pests are
easily controlled by spraying or dousing with a water solution of common laundry
detergent. Calliandra is susceptible to attack, with fatal results, by Armillaria root
rot, a fungal disease that is found in the indigenous forests of Mt. Kenya (Paterson
and Mwangi, 1996). This disease spreads from infected to healthy trees mainly by
root contact.:Although it can live for decades in dead stumps and can infect many
tree species and a range of crops such as potatoes, and cassava, there appears to be
little danger of it spreadmg into clean areas, except by the introduction of infected
planting material. No' other pests and diseases have so far been seéti’o on calhahdra"

3t : B P PV £3 PRSI RR B RPE VI | l"
in the’ reglon' G T i e et g
N b aﬂJ' SENCIDE TR S I b 2t

In view of the small numbers of indigenous fodder trees presently found on farms

in the Embu reg|on "and the problems encountered with alternative exotic species,
calliandra has become the tree of choice for many farmers. It is currently attracting
mugh attention and almost all farmers who have planted it as a source of fodder are -
actiygly seeking more seedlings. It isgenerally considered to be of high feeding ,
quality and in view of the rapidly increasing cost of commercial concentrates, there .
is ageneral desire to gither supplement or replace purchased feed with home-grown...
calliandra fodder (Franzel ez al., this conference). The evaluation that follows ds .-

based on results obtained to date, in work with calhandra conducted both on-farm
and&’ﬂswlonu by v iy 1 : > ‘ B LU0 e

Although the fodder productlon by any specles will vary wrdely hccordmg to sml i
typé Thanure applleatlon and cutting managelnent among other factor§ eXperlehee a
suggests that when calllandra is maintained on'commerctal farms int hedgeroWs in
a bimodal rainfall regime, a reasonable estimite of the edible foddér yreld (leave§ <
plus green stems to a diameter of about 0.8 cm) obtained from trees planted at
spacings of 30-50 cm wduld be about 2 kg of DM per tree per year. This converts to
an annual production of some 5 kg of DM per metre of hedgerow, a figure that :
agrees well with on station results from Westem Kenya (Kaitho et al., 1993).

Feeding value

There have been few analyses of local material, but those that are available (eg.
Kaitho et al., 1993) agree with published data from other countries. While the leaf
material may contain higher levels, the DM component of the total edible fraction
of the foliage contains about 24% CP. If compared with commercially available
concentrates, | kg of dry calliandra fodder would contain the same quantity of
nitrogen as 1.5 kg of dairy meal with 16% CP. Allowing for digestibilities of 80 and
60% respectively for the concentrate and the fresh tree fodder, 1 kg of calliandra
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DM should have the same effect when used as a protein supplement as 1.1 kg of
dairy meal. In on-farm experiments in 1994 and 1995, together with an on-station
observation in 1994, the replacement value was measured as | kg of concentrate
equivalent to 3 kg of fresh calliandra fodder (Paterson e al., in press); thus the
theoretical calculation above has been shown to hold true. At current farm levels of
production, the effects of calliandra and dairy meal on milk ytelds were totally
additive. Calliandra had a eonsrstent posrtive effect on butterfat corgeﬂt, mcreasmg
|tbyabout05% S

RGN L ERE ioﬁn_.m.,gm, s s-0oA bas o
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Reports from Australia suggest that while fresh calliandra fodder hns a d]gesnbll lt}-
in ruminants of some 6%, a few hours u:lrymg at ambient Iempemture can reduce
this figure to below 40% (Palmer and Schlink, 1992). The resulis,of Kaitho et al.
(1993) appear to support these findings. - The fodder should lhn:n..lbre be fed fresh,
as soon as it is cut and while still in optimum condition. In this state, it is readily
consumed by all classes of cattle, sheep and goats, after a short period of adaptation.

‘Sorneﬂfarmers in the area hqve also fed it tg rabbits, wi {thugp . ‘rﬁn}tlx é%od res!.ut§

Vi dalg G 9 Huno,’n 1§

Amouhlreqaired R )lswui gobGH s;} S5 AT esm 2r bm} ,wslqgm‘

TNt ¢ ‘ldml 3 QI SIS Y 18 \abnu shrig 2 STISLD

Most dairy cows in the Embu, area are genetically capablé of produting at least 15
litres of milk per day (about 4000 litres per lactation), due to their breedmg_ which
includes high proportions of exotic dairy Jersey blood. At presenit; few give fiote
than 10 litres (about 2500litres per lactation), the production leyels being limited
by poor nutrition (including inadequate provision of digestible energy and protein)
and sub-optimal management, In informal interyiews in the region, it emerged that
despllc an awareness of re::ommendatmn.s fur hlEhL]; feeding. l{:'-'t.]s gnost farmers
fed.only 2-4 kg of dairy meal per cow perday: High cost {lack nf cash), logistical

-problems and unreliable quality of commercial dairy meal were reasons commonly

cited for the low feeding levels. In a typical lactation of 270-300 daysSost cows
presently consume about 700 kg (10 bags) of dairy meal. At the folldet yields notéd
above, an equivalent amount of supplementary dlgestlble protein would be supf)'lled
by about 320 calliandra trees. Even allowing for conservathe yield" estlmates
supplementation of one cow for a full lactation would requ ire some ldb—250 mefres
of hedgerow, depending upon the spacing t used between tregs. AIIowmg for moderate
germination and common rates of seedllng mortallty, these trees coulgl be produced
from 120 grammes of seed (about 19,000 seeds per kg)

Planting niches C ey

R

On farms where calliandra has been planted, formal surveys have found it around
homesteads, along boundary lines, internal divisions, terrace edges, contour lines
(bunds) and as hedges in napier grass. At the moment in the Embu area, the typical
farm with calliandra has only some 40-100 trees, usually planted in at least two of
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the niches noted above, although almost all farmers who have used it want more
seedlings (Franzel et al., this conference). It is too early to say where additional
plantings will be made on the farm, but from informal discussions with farmers,
likely sites are under upperstorey trees (usually Grevillea robusta) along boundary
lines, and as reinforcement along terrace edges and bunds.

%Over the past few years, calliandra seedlmgs have been made avallable to farmers
“In small numhers by several bodies, including government m;mstrles research
entities and non-government organizations. The popularity of the tree has led to a
growing demand that has rapidly outstripped supply. Several farmers have recently
to leave erther complete trees or one-or-two stems on selected trees to ﬂower

’fol' seed produbtron In a récent survey of 45 farmers fandomly se[ected ﬁ'om a list
395 who had recelved calliandra from’ prOJects between 1989 and 1993, 67% were
leavmg some trees to flower and 44% had already produced seéd which they had
shared withan average bf lO of thelr nelghbours (F rarrzel el aI th|s conferenoe)

Jmplu‘atwus C T T e T . .‘."‘,-"r}.:.‘"lui‘f‘rt SURnn:
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While the agron‘gmrc In'fonnatron on'the production of fodder from trees is far from
complete, trends as noted above are becoming clearer and further results.from

experiments already under way will permit more rehable conclusions in the near
futire, = © oUW L I LT E RO EAITE A 2
Sattbe i oo sy oyeeB i mﬁ"sl’tsq 'Nr‘l fﬁ&l’ ﬁm'l'u) Vb Fhyinm s wml
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tThere are two possrble Ways of utrhsm g calhandni Ittould eithér replace the e‘xf’éhng
f use of dairy miéal, or it could be offered in addition to the present?éedmg regime to
improve the level of nutrition'of the antfiials ifi térms of both quatitity arid uallfy
“The first alternative'would have little] 6F 1o éffeét on‘milk production, 4lthot
ishould lead to réduced féed costs. If fed in addition to the present dietary regrme'*i
-would increase production: If this were to be adopted by all dairy farmers:if the
area, on-farm research suggests an increase in the supply of milk ofsome 10% over
“present levels (Paterson et al., in press). At present, there appear to be few milk
marketing problems and it is unllkely that an increase of this magnitude would
cause insurmountable difficulties. A more probable scenario, at least in the medium
term, is that those farmers who are further away from the markets or the milk
collection plants will replace dairy meal with calliandra to reduce their production
costs. Those with more ready access to markets may choose to increase production.
This could result in a potential increase of perhaps 5% in total milk production in
the area.

Economic evaluation

An ex-ante analysis of hedgerow prunings in Kenya (based on 1992 prices for
inorganic fertilisers, dairy meal, milk and maize) indicated that even without
returning the cow manure to the soil, the substitute fodder value of leucaena leaves
was some 6.5 times that of the substitute green manure value. The end-product
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fodder value of the leaves was three to four times that of the end-product green
manure value (Hoekstra and Darnhofer, 1992). If the value of the brown manure
were to be included in the calculations, the ratios would be widened to perhaps 10
and S respectively. The estimates have not been repeated with 1996 prices, but
there is no reason to expect the ratios to have changed markedly over the past 4
years. Neither is there réason to expect the value of calliandra follage to be very
different from that of leucaend. It therefore appears that it would be ich more
economic to pass tree fodder’through ruminant lrvestock‘than 16 apply’ lt‘dlrect to
the sdil as green manul‘e"' R ETRE i i G A s o e
wew o el el abhe IMEs ny w R l‘ 'l"‘ i

Curreritly, dairy meal sells i"Embu for about KsH' 10 per kg, althoughthe cost'on
the farn will be higher thanthis. If the feeding vélii¢ of calliafidré i§'as calculatéd
above;‘then in replacement tefms, the foddei s Worth at léast KSh 11 per'kg of dry
mattér. This equates t6 about KSh 55 per metré of hedgerow peryear.‘Afull economic
analysis of the fodder tree will have to await ‘the generation of moré détailed data.
It would appear, however, that the cost of establishment of the seedlings should be
easily covered by the value ®f the fodder produced in the second sesson of growth
(within the first year): Annual maintenance tosts are low, since pést ‘control is
minimal and calliandra rel;mresm more manure than Napler grass sQutting takes
slightly-fonger than for the firass, ‘but the differencé as reported l)y’fa?lﬂers is‘not
great and in any case; some fodder source has'to’bé‘cut for feeding’ td‘!fero-grazed
animals."An investmént in calliandra should theréfore show &’ prbfit i the second
year.'When it is considered that the expected useful life of calliandra'i$ not less
than a'decade, the plantirig of fodder hedges with'this species shoiild Winia up to the
most rigorous economic. bvaluatlon “The present falmdr enthusiaéi foF this tree as
a source of supplementary protem for dairy cows in the Embu regrah sGv'huld se¢m

to be fully justified from ‘an'economic standpoint. o i
S of ,.mgmggbslwunﬁaﬂ

Future developments - Mafony. 41 Have L. aRADOL
» foe v s iy, o SRR adpn bebbaat rove ol #n
Onfarm : 113 t(\ h(jl’»‘f " Z‘? i‘t i # ’v ”‘ 1(\ '

The maJonty of the farmers in the reglon keep arange of llvestock1 including cattle,

goats, sheep, poultry and rabbits, that could potentially benefit from the inclusion
of calliandra in their diets. Small ruminants, particularly goats, are often kept under
zero-grazing conditions similar to those employed for dairy cattle. They are
commonly féd a diet based on Napier grass and supplemented with calliandra and
leaves from naturally occurring trees. Poultry forage forthe bulk of their food,
receiving small supplements of grain on a regular basis. Fresh, or possibly even dry
calliandra leaves could be offered in small quantities to vary the diet and to improve
the colour of the egg yolks. Some farmers already give calliandra to rabbits, together
with household scraps and weeds. It seems likely that as more calliandra trees are
established in the region, they will be increasingly offered to the other animal species
on the farm.
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From the size of the existing farms (average about 1.5 ha) and herds (average 2.6
cows plus assorted small stock), the potential for calliandra for use in animal
production at presently predicted levels might be some 1200 trees per farm, a total
of about 600 m of hedgerow. Given the dimensions of the farms, there should be
- plenty of room for these trees in the planting niches noted above. Indeed, if terrace
edges, contour bunds.and boundary lines on the typical sloping farms in the area
_were all planted, there conld be in the region of 1000 m of hedgerow with a potential
productron of some 5 ¢ of DM per year. The excess tree fodder could be ysed to
increase the levels on offer to the animals, but this may not be attractlve to farmers
by virtue of the labour involved in carrying the fodder from the farthest corners of
.the land, In this case, despite the fower economic return, some could:be applied to
:.the soil as green manure to prevent, or to slow:down, the depletion of soil fertility
under the present system of continuous cropping with low levels of gxternal.inputs.
However the foliage is used, the benefits of the trees could potentla,lly he felt by all
of the enterprises on a small, mixed farm. . . 5« R i T m\( I
RARA ST P nacn ot sl o L oseggs bluoa .
.,ln canclusion, a cautronary note -should be sounded. No matter: )how(ﬁ.tu'actrve
. calliandra appears to be in the region, danger is always involved in plaqmg total
. reliance on a single species, whether it be a crop or.a fodder. Both,farmerinterest
. and the physical niches exist to extend the planting of trees on the farms in the area.
b In the programme of work on-station in Embu, a range of indigenoys, naturalised
. .gnd;je)gogo ;reés,(guch as Trema,orientalis; Morus alba, Manihot, glaziovii, and
_ Leucgena spp.) is under investigation from the point of view of both agronomy and
animal production This work will Jead to the identification of; suitable alterpatives
to calliandra, in Qrder 1o provrde much-needed d;versrty in availabje species for
; dedFTPVQdUCFIO“ R : m,b n’o ’nq VI Hiransige irrﬂn miuo
Y m s 2 Umonb'u it 'r'rz r: barmar}wﬂb’hf\ 1
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