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The d~' ofw~ for bUmfui~~, constru~tio~ ka widely docume~tedpb~~()meflonln ,sub-Saharan

Attica (Leach ,and Mearns, 1.987;.FAD, 1981). FiIDIres inditate that ai'ea under forest fQr the most densely

populated countries in Africa has decre:ased.in the past two decades by 15-25% (tete and'Stone, -1989). 'Rapid

~~~6~eirtJ -d~gcid~tio~~ :d~~~i~'iiJg' pir' ~~~t~" ~~od -'p~~u~tiriti ~d aSI~adY io~~ 'in' 'Per -~pita 'GDP have
• ~ >~>' ~~- : ~. (','~ ::>~,~. >

chat~l'ct~rke~fmu~h' Q{the last, two <de~ad~s:'>'

This paper iOCriSes on the pote~ti~1' t6i:;g:~~g: tt~~ ~a m~~g~d :·~~tation to increase overan suPPlY
, - > > i

~fuei;,i~e~~~~~~~f~~~"\&;~~~~~~~lai;AMg:ii;~itHi~~:a~ j~l<at the fit$t-
> -~>'~. :-~ »>~ :~~ <~~_> '< -~> .< ~~'." <> ~ :>:~~~> . ,v, A ~._.~.~»> '. .'. :~-~> . '~ >~'_. ~> i > > '.>. A-'> »~»< .. ~~. >.~~~> ~ ~ > _ ~ ~ ~ .'_ >

=~1~~~~it:tt#~~Jti~t;~~~=~!:;t~rZl~~::e!~::t~~~:::~:~
fu~t~~~d >~h~~t~~~:'~>~~~{'~i'it~ ~b'iti~ t~:~ciw q,~i~ki~';:(~;>'~~"~/~~t~rs' i~ t~e~' ~rs) $d to 'p~odu~e'large

, --
~ • > ~ >. ~

amounts- of good' 9uality ~tew~o~: accordi~g t9 ·orre source, ,the specific gr,a-vity of-a 6 to 8 year old Leucaena

aver~es(t5~.a;d~i~:f~~nd.ht·MkS~aSl\-and,s~~t~apje.(N~d~nat'R~~earehCOuncil~ 1984 ~.hereafte;:NRC,
;.>~~» > > • v

1984). It also~ the ability' to 'fiX nit~~g~~ "in the'soil. '

;Ke.~y~ ~. ~~,~n.~~:a::~-:~9Ybe~:use -it 'is::~;:~~¢i9tefr~t:Qf ~~¢fue.~W~d tt~~,~.,~. t~Jtts ~f
<~ > ~ > ~ v < ~ >

its:'inteniepopwatitill"pr~sstti:e<arid,dema~a,i~t;tue~it>ana' ~~&'~~ntitineb( ~o :revet$i~(fili~~e trends with:an

atti~ ref~re~i~tiOn>mo~eme~t., It;1$:~ ~sei~:ICases~:cidYbe~a$e it ~~ntrdtls ~ii~:ati~.zOn~f:e~resentative of most

, F:. i\tler> ,t¢~i'~W ,(}f~li~ >llt4'i~~Jite"~# the,:~¢t;mbmi~ 4(a~~(~r.estty >~d :Leume~a ~'J?at!~tmar, :thep~pet

~~ate$~~~~.~{4uc~~~~~aSirapU~~ll111~e{~ ~II then~ the ptCvailing
"

"

agrowdim~tic ¢9~di~ions in l\eny~ to sket¢h out prQsp:ect~~~~~wher~"~he tree can gr~w. Th~' an~ysiS·.dfa~s

o~ avJl~ble\i~t~ 'to estitfiate ~- ~iumettic~wtb, 'fuhetion ~irt!r~:;d%~~i~ ~pti~~~tio~ teChniqu.e in" c;liscr-ete

t'~e"~ »o~d¢r:~~ d~t~t~ine ~~<:~ptimar To~ation -i~r:h~~~sti~i ,tlie'lrees.'·

, "It:iS >assu~:¢i(th~t tree~ ;~e groWn"i~ ,i~~~d~·.as 'OpP6~~d\~'an ,all~y-~oppin:g approadt $&ice this ~ 'more

appropriate for' tnaximizing yield for fire-wood rather than using them as a source of Itgreen manure."
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Nevertheless, -the analysis represents an important point of departute for-filture res~dt'mt::ttie:eooliolniC$ of

s~ort...re~ti~~,le~inous_tre~s, in that it pr~vides a basic method~lQgy useful: fo~ addr~~ ~ iss~es.
~ > • : ~ ~ 0.· / A~ A ~ ~ / ~~ ~ ~>- ~: ~ ~"~

II. ,Review of Literature
,',

S~er~e~ly ~tt~mp~w,ere ma~e to apply ~conoQlic th~~ry to the gr~~~ Pr:oductioJ:lJ?r~s of
> >~~~ ~ - >~ ~ ~ ~ ~ ~ ~ ~> i~i 'A' <i, ~.,~«~,~_ A > <~~~~~ ~ =:: >~ ~>~»i~

trees and other agricultural crops over time. Filius (1982) is credi~~d wit~. ,~t~4u~~ _th~_ ~B~,rt ,of

t:o~~~~~~~~~~" ~~e:~ crops and tie~ to e~~d. the p~~ucti~~ ~~~pur~esfron~t~~ < Ether~on <~

'M~~~e~ (1983-" ~~87) shaw:ho.~ t~e 4~~ic ·,intera.¢t~9n ·of ·l<egu~~~nus ,~ees;~d' sail, -~httt~_Jhe ,pf:trd~e~~
~>o >.~: > :~:A,..~ , > ~ > ~ > > ~> ~ ~ < .' ,.~~, : : >~~,:~;:> .: ~ ~~ . ~ > ~>: <': <> >:~>:~ > >.~::< > ~»:<A,

~bmti.es Jr~nti¢ri ,~b~ ~ffect is to :introd:t)ce ~rw 'op~im:d ,~l~~~?~, of~aij~~,,-~~bf' :~a,::tiin~. .ia~~i~ ".
~~' / >",.i~" ~~ ~~~' «, i/'~<,'~>~~~ ~, ,A < i ,~'~ -,.~" ~~:>~' , ~ :::>::"~~~~>~ ,"~" ,

lfoekstr~ (1.9$5) -8;PP.j~$ ~llar concepts -". includi,figrlsk :m~~~~tio~ -- in::~~ :~~k ·fo~~., ,,-
, A ~. ~ ~o, A>:><=~~AA '=::~~:·:(::<:":'N-/<' / " ~ ~ A _ > '~A'>~ '"',~ ~ A> ~" "~:>: = ~" ~ - '< ~~,: ':':~ ~ -,. ~ ~,' ~ ",~, " , >~ A,~_ "N. ~ ;~A

1iteratur~ on agrofore~try, with application to eases in Ken~a and H~iti. Other signifi~t co~tri~uti'()ns-~othe

litera~r~,.~~~~~~ p"~~r~~'s (l~)<eornPf~~ensive .I'~~ew bf alle:y·crop,pi~g dat~:and·~~r atten'l~t to<mode~ the

benefits of planting trees in the alley-cropping techniqu~,_:using ~~~~.~~~ ~o~uction ,~ncti:~ns. C~,~~op~C?rs~~

J1988) ~ndueted a study of agroforestry ~~~io-n-s for the Sahel tha~ ·showed:the different, break~ev~~:-cGsts.and
, ~ ..., ~ , ~ , ~: "~~ ~ ~ ~ ,'_ ~ ~ :~ i: _">~~

..

Bl~don (1985), in bringing portfolio theory to agroforestry~ sh(}~ how weak or ·negative--~response
~ _ ~A" ~_ ~ ~ "~ R ~ ~ ~ ~ ~~,~~ ~ ,"" ~ _ ~ ~ , ,"_ ~ ~ ~ ~ "

cort:eJati(j~ betWt?e~ tre~ and crops- to, changes in weadl~r pa-tt-erns ean ~rea~ ,. risk acrQ~ differ:~~t f#&
i , ~ ~ ~./ ~ ~ ~ = ~ ," ,. ~ A": :~~ >

op~~~t~~~: /£\4~~~es_ ~thin lar~e d~n~r .i~~ti.t:qtionf such .a,s ~~~::Worl~.~a~~-e~~~~: t~at.~Q~::~~~:~

~,pro~~~~~~, ~~~~; 1987), ~~in~ th~~ ,ta~i~' in~t:~ases In f~~:l 'and cO~t~:ttion P?~e::~r~tes t~latiYe, t,~.?:t~~~

~~:odi~ies will in'crease the pr~fitab~li~ of gr~wi~g ~~ees.

it is important to recognize that there are s~me problems associated ~t~, ~~, ~~ti~~~ ~~de~y"_ ~f S~~ces)

1911). ~o~ ins~~~e~ it i$ com~~nlY known that .~~:~~~na le~~ve~",~nd t?Ods co~tain a ~~~c ~aloid, mijn6si~e,

that ~en ingested in large quantities ca~se~~ d~pi1ation~ or ~oss ~f ~ajr~ ~n,_ ':lon.r~m~a~ts (ibi~~). Th~ ,"~~nus

Leu€aena as a whole and the species L. leucQcephala in particular is poorly ad·apted to acidic soils (Ahmad and
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of Leucaen8 when intt9d1il,@Q as,~ exotic sp~ies..
~ > .'" ," > "; ,; < < _ > __ > > i > v'>" ~ 0 • ~

,,;,l~l~Ye~ele~ J&p~na ~ ,gemonstrate~, abiIi,tY:, to :,Yi~ld<:~~i~us ~~9~,t~ ,of,w~:~~~r; th<?" ,rigl)t

conditions. At a spacing of 1m x O.5m (or 2O~OOO trees p~r b-~')J, £O;f iIls~~tc;v:<;)lumetti~ ,growth qf:9p,-to:;~:~~bk
~ <.~" "v> "v ~.~ > >

meters/ha of wood after the 2nd year was recorded (Van den Beldt and Br~wbaker) -1980). Other studi~shave

~ X' 5~i' to iSm ~ Um,'(HU arid -Ki~ng,,1982; -lit! and,Shih,:' l~8~)., ,ThiS Jev~l o~ :Pf.~tttt~o~fis,:p.~~:i~or
A <. v _ > v ~ ~ :~<:,:,. ~ ~~ / ~~,.. '~ f ",>_ ~ , '. - ~ > :>", v> >

OOtnnte~~at ~pillty: An 'earlier st~dy suggested that growing Leu£®na :as -~ 'wOOd :l#9P<jti'TIDW,aD, will QalY be, '

mo~ ptofitabletlianthe kaditiOnateash crQps of maize, ;;i1g~ ~ pi~~~~I~t~cigr~~ ~ •.
> ' v~ v ~v':: ~ >:_~ ~ ~~ OA ~ yVV V < v> > :~~ ~ > >

exceed iW m3/ha/yr (Jen, 1980),4 It is unclear, however, whetner''1ugh yields' call be iltainlamed over time,

,especl~ if an the biomass is re~oved fr~m the site (Hall arid Coombst 1983).5

Returns vary according to how labor is investe~ in producti~n. For instance, a study by the .Inter:national

_/Crops Research Institute for the Semi-Arid Tropics (ICRISAT) found that sole cropping was more profitable
"_i" , ~> ~,~~>, ~>~

,,~~ ,ait~y<cropp~g, prl~~ly beca~~~ of higq, {a;bor .it:LPU:~s (W~i~,l9S~~~' rittl~' dat~, is avail~b.l~ :,~t) la~f, ,
'_. A A " < _ ~ " V A > ,,> , • > >. ~

.".

~ A > V , > A ~ • v <<

req.emetits for harvesting wood (fuel or poles) from stands of giant type LeucAenil" HowtWer, it appears th~
i~ , ,-. '" ~ , ~ ,.~' - , > ~ - ~> i.~ '.0 } > .,

the denrands are s~bstal1tial and may be a hurdle to wider adoption of the plant~ Intensive weeding:4u~ the
, ~ • ~ y' _ , >~ i ~ : ~' _ '

first year and sUbsequ~~t plot management and harvest in following years have been reoorded9~a~U.nberof

researchers (Dvorak, 1990; Ngambeki, 1985). A method called t,he "bar,esternfl techniquehas ~J'l developed t~at

maysignifieantly reduce planting and Weeding, demands on laboJ (Trees For the F~ture, ~). This t~fhnique

involves starting the seedlingS on raised nursery beds during':ihe dry season; andjust hefbie' the rains, pulling

up the root~ stripping the'leaves~ and packing the'm into bundles for transplanting.
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,,Til:e'pufpose::6f 'thh"seCtlrin ;~::to 'ideritify':th~:; ~oluti(i~~s'lhat :eridcany::affeet thevolumetrlc growth r~te

:of:,te\tcaeila/jit~aWs .oil: t~~~lts:::f~ni:~:itr&d~l':u~ng:p1a~tlhg:;d¢nsitY;:;sMt ,pH~:taulfan.d lettiperattWe ~,tti~

uplan.atory vaJ,iables (Ston~, 1m):. These results are cotnpated f6/ae:tlliU 'conditiollS'~g 'ittKeti~ "to

d~ttrrnine-tb:e::.ilst-,suit~b~lwdiiti~nti-:f6r:- '-grbWlng:-t¢1!~.~erta. ,A ,Cobb~DOti~las 'B1Odefwas-:sel:ectedlQ es~at~

the:vriIUtne'>:fuDcti~ti-;fQr,,~U:ciRiba:?: :11te'm6dbl ~s~d> iS~ :

" ~ • >~ / Y

growth"m vol~fue be~e~ ,the 'sec~nd ana third years.' 'The sample was 'drawn from experimental data in Uu

ana-~- ,(i9$2)"~d ,i~' gj~~:in TabI~ ~.: ,Soi(pf,l:vari~4 Jr~:J11~l ae:i,4 (4..Q)' in gl:Qup:3 lo-teast ,acid (6.8) in

~~p{i~<~~ltl~j;l\;at~;1~~mpel,,~~Uiffi~~()\ip4;~~·high ot~14 gl~Jyear1i.~p;; .

S~ii~ly,; teniper~ttJJ'e 'wl~f~~: ~ig~~~{iI~ -gci~p itb.2 .~~C) ·bu; sUbstanii~ll; 'J~~er"~ ~o~~ 2 (13.~" ~ ~)~8 ' >

,:1hi{t'e~~~s·.~~:::big~Y'Sl~ri~~~ li~t"}~:t: the i:~d~~~~al::~~timat~i's and ~it~~v~l; for the t~gres~ion--~

,a :whole~ The':esth#~t~d, :r~~ssion fu~~t~9~: With s(~~d~~4::~rf,~rs.:giVen -in parent:h~ses 'is:
> > /~

(2) 'log ~'~ ~28.246 + .217 Ipg Xl '+' i628'1~g Xl + 2.350jO~'X3 + 2360 log X4
;. '::(S3~) ,:(~.9.~7:J :(O.~) > ,', (Q.~~» ,. (o.3~), -

.F .'=: .:~.~.> > ','. > it~ ,:;z: ,0.$" :,

The reswts wnfirm th.e range of temperature" rainfall, and· soil pH that is 'desirable for growingUUcaena.

Theestinlated value of 82 indicates that, holding all ether factors constant, the average volumetric growth will

increase by 2.63 percent given ·3 1 percent increase in soil pH (over the pH range 4.0 - 6.8). Similarly for mean

4



>;- ~, ' : ,. >'

,- ::: _: :::::::~~y~;:~~ark~"by::~~e,J»e::y-ariability'ini it5Jands~apeVMthin,.:it:sJ)(Jrder5'~e:-honsed:>sottte of-the most
• '.. ., -' > ~ ~

~,~ _~ .1._. ~~~>~.~.> 1 .
> ~ 1-' ~ ,,»-~

.0 ~_edi~:pot~fi~l.>--4n~eI¥;~ tfansi~io:nal~anu:toyers,:£ibi;lut .5::peT~Btof total >~a.- -:Progr¢SSi~ly,more land

com>eS ~de~--zones V-to:,Y11;':butJM,$,Jand:rci<;eiyes,below>600:..11:90::ntm'per,annuU1:in t1litifatt andis-considered

>_unsuitable;f0r:-:kucaena~ , ' ->
;:: 1 > > > A ~ ~ ~ ~ '" ~ >

'rovers ar~un4:.s> Percent ,of>,~p~~j: area.- AyeT~g~'te~peratures>in,t:he~~ -zones ar~ stiJftoo- Wid< for many spe<;ie$
~ - > "~~ > -, ~ ~ ~ ~

of:4#~a:~__ > ~~~<:4-jhr~~gl1:J ate:>~#~:-_~~l;(ci~~,t~(~~lr~~Liii:~h~e -ml!¢~->~p~,~e: be~5fh,~

~i~ ~~~r~t!-> J1;l :(a~j -Qvff~>h~lf th~J~~d ip->t~~ya :is¢dyet:~d::by-:wtle: l,:with..$: me3l):,~u~ temperature
A > ./~ ',. ,. ., • 1 > -~~ y' ,- ,', - ~ ~ > .,

__ ;:-Q~~~~~~g;:t~~:~~~O:~~\ ~::~~b.~,:~~ _~~~~t:\J,qt~>J~iJlust~at.e tbe-_p~tenti~tateas fqf:>gJ'>Qwlng.L¢uUSl13-:>:_:Qf

:-:~. ZQtl€;~)1l~nt~~~>~1),9y~;::~y:ef,>5:-~~:Ji9~~:h:~¢f~~~~:;:~~- su,~~able~ -Qlvei1;:J}le<w:atet r¢qUit~ent$ 'Qf,:the' plant,

Zon.es:J~ ,~d:: )-4 are, tht?-~()st >de.sirable>~~<~_n: ;~~e~a&~, of 1100-2.700 mm. of.ram pCt ,y.ear, and' remperamres

rangingfrom 14°.to 26° on average. Area unr;J~r-.ZQn>f?S;J~3and I".-4-ejEcee.ds,>1;.million,heE;~ares,_Qccuring primarily

5



covering about 1 million hectares of land in the Nyanza and Western Provmces.,·:Zpn4' JlI".-With ·goo..140(rnttll

mean.annual rainfall, also covers 9ver a million hectares in cortlb~n-atiort with the tempet~tUte~egime.s1t through

4. These semi-hutnid midlands and lowlands occur along Coast Province in the east"atidJ~J~, Central, 'arid

.to·8 leSs'Cr: extent/Rift.Valley:Provinces.(see Figur~;:l)~· Finany~>~otleIV, which :receives:on:'a~~e on!y:600-1100

,·mrn -of taiafall :per year anikis-therefore:less suited' fot ,raising L6Utaen~ Ctivers>ab6ut ~ milIiotl'-het,tares;,:m<f~e

Rift Valley, Coast, Eastern and Nyanza'Provinces.

'·#(}:sh~w:h{)~.t~~~high~pijtCi1~i~I'I~d::iS:'di~ti:ibut~~ ilt Kenya;::al)d -liciw;:tt:~6~$p~t1~:tp~pU~~i6ri::~tlSitie~ :~~

~~e.~f:pOp~~tfQn:pressbTe·is-cfitiea;l :to t:mderstarr~ing::t~e·'d~a~~~,:(tf:~~o~e:~::yS~:~<g~ya:::;.;A~:~e :~iq1p,~st,

::levelt:areas.of:b~:ptipulati-on 'oonrentt~tinntypicalIY:Wi1l-haYe a4ligher:d~tiHtnct:;t6t<fuel'*t)6d. H~weve~t' ffigh~r

population densities may·also s:ignaJan adeq:uate supply oflabof to,intensify'agr-ktIltUtal produCtion-through the

Table 4 shows how hight medium, and low potential .land is spread across the Various :provinces:::an-d

distrids,:an~l:gives -the,a'V'erage-'hedares -per: .persotl'of anlble la-ltd as-:o:f ,1919:-' ·As::cail;:be seen, (;entrM;::Westem,

Ny•._d-:piut,of·the-;It~f~:V~Ueyco:nt~iri:~,large;:~hare-of tlje ,be:~~.agriculturaflani:~~i'haY-~;:~~-I(;We'stpet
• •• - > >~ "~ ~ >~., ~

,v. :Qptimitmg:tey-(taena::-Prodtidi~ia :o;yer:-'Time~ AlUoecDhomlc :~odel

The purpose' of this. seetion:-:is 1\)' delennine an opttrnal r6t~tjdn filr harvesting teueaena. JeuCOQmba1a

based on .prevailing prices, costs and growing conditions. It wiIlalso 'estimatethe present· Vitlue 'ot::laitd -·tinder

fIXation, and organic mauer,decomposition, are briefly examined.

6



vol~e at future time, t. A commonly used function-al form inJhis·~::-is::., '.

OCt) == e"Y· nIt;

where:

<Q(t) :: volume of ~tlcaena in m3 on one hectare of land;
e = base "eo (2.11282)

< t = time',in,.tnQnths;,
"Y & '1 .~ .par'ame~~ts'suclt that 1'J>'1"~:Q•

(4) -: .In O(t) ..=: .., M,:t1lt

Five separate equations were fitted using data from Table 1. Each equation corre~ponds to a different

-: 'planting density. The estimated parameters and corresponding t-statistics are given in Table 5 and pt:~rt:ted

,~:graphica1ly in Figure 2. Although the higher planting density of 20)000 trees per hectare yields the liigJ1est

:b1~¢~e~t41.grnWthin:the :sttor(.run, die <q~a~fty .bf th~ :pioduCt, t0t:p~~ses 9£tim~ -jS.;il1fetio~·. :,At :~gh6r
> _ ~ ~ _ ~. > > > - > > ,v::. y , ~ ~ ~ > ~ " v > '. " ~ y

-density, v()linne increases due to the proliferation 'of many.· smal1:hra1tches and tr-nnks as6pposed to inCreases

the following exertise, a planting den5ity of 5,000 trees per hectare wi~ ·be~sumed.. The e¢matcd -vol~e
> >.v ~ ~ >

_>~<~C~oA~~

fu~aion that will be used is therefore:

(5) Q(t) = eS.61 .36.18/t

Figure 3 shows volumetric growth at a density of 5,000 trees per hectare. It can be seen th-at maximum mean

annual growth for one rotation is achieved at approximately 36 months.

7



-/"

,~t.~ Jotation:of:ttees·base'd:-on:ptevanmg interest rates,~net: price of-timber, and time ·to maturity'for the stand.

Several assumpUQnsaie itttp~€ii m.:the:::l11odelt,

~.) -a "perre~~ -capital market exi$ts; farmers ,can lend or borrow any amount o( money at the prev.aiUng
intereit, ratc whi-~his mpwn with certai11;ty over aU future periods;

2-.) :~tl1te w~ prices and future prices of ,inputs are constant and known with certainty;

3.) future .:)ields are knoWg; ,.,.."

4~}~.d:,:~- be.,b()'ll~~i: .sold;:and,t~nted:,in,'a>,per.fect ,~ar~~t.,
>~ ~".' .,~, " ~ A' ~ >

..

T~~::~p~>~~:Pti~~:~f.e'n~~d~d:i()-~~~d:;thJ:m~4e'I()veran:~nrU;li~eseries Qfrotati~; doing'sQaHows

·th~~~~ de~i¥~~~~;~~~l~J Jilif~!tifer.~a!i_ a~~ptlltllil tUne t~h~esL ...• .. .
~ , ,.

Having estimated the volumettic growth equation, it is possible to use that,' relatiQnship to derive> the

optimalxotation ofkUcaena. Fr~m equation 5 ,ftpd,Figure 3, the tiJ)'le to harvest that maximizes mean annual

increment ··(MAI) 1S equal-to·· the' estimate' fJ coefficient; here, 36.18 months. The present val-ue of a single
,: i~, ,

rotation can ,be'~culated ba~d on :prev;liling priCes of output, ,costs of production c, andtbeinterest rate, s:
~~~ ~ "~ <

" ~ ~ ~ ~

:whet:e I> :::=--~l({.+~)~ For ,an ~#ite series ofrQt~tio[)s, the e>ij)r~on for is.:
, , /. > >~ > ; _ ~ ~ A

(7)

g



It p~ting-costsate assumed to be zeto (wbich ~ay not be a :pOOt aSsUU1:ption if seedlings-are raised in the:Jty

season); equationS red~s to:

(9)

since p = 11[1+8]. Th~ is the form~ta a~ed to caleulat~ the 'NPV for each rotaii~n length, over an -inrtclte

series of rotations.

At yearly interest tate-o:f:5~t a woo:o,prlce.Qf $1~77 per cubic meter (a figure taken,ffomHosiet~s.1989

:;study in Kenya), and 'zero cost of harvest (im:plying a zerQ opportunity cost of labor}) equation 9 gen~Fat~~::t~e

pro6t' ~~~ inJ?.i~.re' 4..:' T)le.,econol1l~@'Uy :Qptimal)r~,9,~~~s Wb~re ·th~ slq,pe of ~~'1)~~n~~~ue,,~c;ti9~,
". ,.'. ":::-:~,::-':---:' .. ,,: .,,;-.; '.',>'j~ :,,:):i::::~t):'-;-::/t:~/:::::i:::,::;," ",-" , ";,::; ",: _' ,-; ;'. ''', ,-::,:.:::,
't4uals,zero., 'It,·~ be:qui~~"$ee:n' -Oni(T> ;i~~:s:lighi~y'l~~::than TM~I' 34:"~ '~!1ipared:_,tQ. 36 ~Qri~.' ~~::

values are oo~ist~nt ~th-ot~er estim,a~es in tt,&e literatur~ (Vanden Beldt and Brewbaker 1980; Hu and Kiang
"_ _ < A ~

1982).. :At, 6:;, .05, the'NPV ¢fan:fti~nre:-~&ta~ipns:~sU~-:t4;~.

,:\Yhen-'6 is 'm~e~e~;: th~ ()Pt~m~r;i~·ta69Q'J~~gih:,~~tt~~ges.'" :S~ificany) wh~n :5 ~~; doU~led ,~~ 10%,
::-:"<'::',':-: -.:-.:- . :' :',-''-. ',:-- .".:,( , :;:~,::'.':'::'; '::-:: :.':'-:,:-:.< -,,:::-.; "; :,,' ::,,',: ,':"',, .-:,", ",,:,,' <,:-:;: ,

the T" ilecre~ed by two 'In()uths.,to ~2month$." Futtberm6r~' NPV of aU future ':rotations dropped tQ jU$t over
A ~ ~ > A>

-,' :,.',-' ',:: , »:,: :,,:,' : . )':-'" '.' ',',' -:" :: ,,' ,,",', ::':-:-:'",,:: ,.': ':- ".:-. "-,',' :,' "

$~OO(t Increasing 6 to 20% resulted ·in an: even shorler:,-o;pti'rnal rotation length of T == 29 months. At ~ :;

.20, NPV- ~;:itinnite s~i~s "~{;~~tlq~S f~il t~ o~ly $893. Th~~:' th~ ~Qluti~n is sensitiVe to' dl;~g~s"in- ~tbe

discount rate, but remains between two and three years ,over a rea~Qnable range Gf Gbserved interest rates.

Secondary benefits of producing :4~l(:aenA can 'be quantified to determine at wh~t point they alter the

optimal rotation. For instance, soH improvement through nitrogen and organic matter accumulation were

included in the model to determine what effect they bad on t-he optimal rotation time (Stone, 1900). Assuming

9



th~t Leucaega is planted 'at t :; 0) a specified amount of nitrqgtn ~> pass-~to the· sOil Irom It¢ litteTy ro6t>

nodul~tion, and -fine root ~ecQmpo~ition. .If the (low of ,nitrogen is tre:a.ted as a proxy for soil improvement, and
~ ;/'..'~ " > < ," > ,~ v¥ _ -v - i_I' - ~

deD~bd>Nl'-andJheamo~t -~t~t~Oge~ :$Y~l~bi~:~ 'per1od 't is d~:~~~e4'Xt~-:~~':the'f~D()Wing equation·describes

their relationship over time:

> / > v _ ~ v" ,

(11) >--'>. '.

_,. v

>~(~f~~ :~::~:~1;J:~~:~N t,: ":::.

~hete p~~ js >,~al ~o 1/11+ 6}10. ,Ass:~~_it1g a ze~~ i~itia;l ~tQek.-O,f n~trogen, a value :~or .\ ~f O.~.,11

;md;;a:f~rt.r 'p~i~ of $24O/t~ri;12 ~he optim-~l rot:atiQnJime'd~esBot cbange~ rite. ~()lUd()ll,fuu~dabQvestill
<'~ > A ~ i v ¥ ~ "', - < ~ , •• A,'" ~ > ~ ~'> ~>,/ > _,: > > ~ _~ > ? " v - • - '_ >

holds: it re~ains ~nst~t at 34 mQij(~ for ~ >i~~~ite series of rot_!tio~_ ~~~ inet~~ing t~~ estimated benefits

f:rom soil improvement. This result is p,rimarilya function of A, the orate at -which nitrogen passes out ·of tI;t.6 root
< ~ ~ ~ _ . >_ ., ~ > >. ~~. > :,., ~ (: ,. ~ '; ~ • • - _~. >~ <'~ • -AA~::

zone.

10



:-t)~g:~e-:~~ult~ found- abovd,.tbe-p()tential f()r::~sjng L.leu@e.phal~:tQ-;\ll:¢~t 'l?_roj~~>~>c1\v'~>;4eJtl'~,~
r > -,' ~ -'

in Kenya -can be 4~manStrated. Th~, World Bank estimates that ,the demand.for woodfu~~1>~:~e~~>:31.QJ()

57:3 mimbll cubic meters from 1985 to the year 2000 '(1988: 21). If L. Jeucocepha'la were plantCdon half of the

JX?tentiall~ suitable land (5.49 million hectares)., and a steaay-:state yield of30 Jri3/ha~/yr. on athree~yearrot~tiOi1

is asswned, then the annual yie,ld would meet 48 percent of the projected demand in the'year 2000 (see Table

6).

,Cl~ly" ~~: ne:eds ,to ~, ca\l~i~~s In, interprethlg, th~res\l;~t,~ _1;1le ,~~I~",o£, ,30:m.~~~/~. <from, ~,

je~cne¢~I{iti ;'t~~ya -is soint?w~at opti'mis(ie~ in the -:~tei. p~ 6f ~t1y:a, :if>~~-:~eti:,s~gge~t~;:~ha(,k-:
>" > ~ ~ > ., ~ ~ ~':. • > > • ~ ~ _~ / < >', ~" v v, ~ < ", A~\~ ~ ,. ~ i.>~>. ,.

calculations illustrate the potential of high..yielding tree varieties for supplying the anticipated demand in the

woodfue1 market. Alternatively, m.eeting this demand through kerosene imports-wouI~co$tKsh.-2 billion per

annum by the year 2000 or approximately 8% of export earnings (World Hank, 1988: 4).

This paper has attempted to set an economic analysis of Leucaena ptoductionin the> context of

~easillgIYQt:g¢ntwood ~nd ,fuel shQrtages in s:ub~Sahara:~ :Af~~ca.. ~tr:eviewed p~eV,iou~s >stu~li~s on J~e '&u~ject,

with partiCular em:phaSis on:-Leli!Qena, a,nd found that to- date many of the stu~ti~s have us~~ f.\lqi,mentary models

of 'the ~~aI :ptocesses involveij. These are iffi:portant poiflt$ of t}ep,arture, 'but-they ~indi~t~ the s~p,e- for

innovation in both technique and theory. This paper buil<ls on earlier efforts by bringing the Fausttnann~Pressler-

Ohlin Theorem to bear on fast growing tree species.

The model developed in this paper, in conjunction with information on agto-climatic conditions on Kenya~

suggests that L~ -teucQg;phala could potentially playa signHlcattt fole in addressing the futUf~ demand far

fuelwood. The evidence shows that over one-quarter of Kenya's arable land is suitable for producing L.

leucocephala. Further, its nitrogen-fIXing properties~ while not affecting the economically optimal rotation length,

11



may nevertttdeSs imPfO"le: ol1era;t!. <agricl1lt:uraFF~dtlcitirifY;:·: <,'More ,data'>.~is'·:i\eedea ::tu<tfet~:"un'e:<jts>.gtoWUt

.'petfotntante->;in:4<enya. to' 8S$CSS, altet1;tauves:1:-:and ,to.·determine. Wh.at 'role· ,it· may' :play:,m ,meetin,g tn~ future

·:demantt:fot ftie~W9od;:> ',>;"'" ., , .. »' , .. ,

~ > ' : /' ~ ~
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Notes' .'

1. ' this ,paper ',has- be.n@~~ed-:tr~mendou~1~ttt6~t{:e0th~e;nti bY" Ot~g;;NAgal~' ;6f 'the ri~p~W1t:':JfNaturaI
" ,~~Sour~~_:~d, J¢tWi't'£ Pliipips, ~f::th:~,: De~rtme~t of AgrQno41Y·, ,.,' " ,

~: ~ ~~:~./:~ ~~o_: ~_: ~ :_:v:_»: v':::..::>::~><~~::: ~-'A ~>i· ,: ::>;::~< > ~ ~ >~ ~ N ~ > <,>~,~ ». >~ ,'i ~-:' >: >~»»~ /:: = > .~>'. : - ~ ~

i Jt:~,'~.PQ~t:~~~i~~g ~~~t~4:y-~~t~g~~ ~<~(t4isady,~~~g~~, o( ~llcae:nllJ~'un_~~rs~~~t~e::~~r~ntsp~~
'-:";:, w;it~:t~l{pli~,·~tfQ\e::putpose '(or"wnit:h:'i~';iS se~e~ed:" Aeebrdlng't({NRCl1984)'~'ttiet~ ~:e:~ee~_

rideties: " > • ,

.,,;':: ":::;as:t6mt#6fi::tvj)!i;::~h~t~;:(j;5 mr'bu~hy' ~e lnat :fl~~~:y~ai,j'g~~#,~ "~~¢~u~~:~f)~tf~~~ga~()ii 'k,is.
thriught::of':as a,·weed. :n can be usec- to t~daini"~aft6l{hilrst~pes 'in 't:fie 'ttoptbS, :atndrtg dtffet'~gS;>

~ > _ ~ v ~. ' '

:'~~):'~-~a:nt:~ki~~~i~S:f~::~)~':~hl~-:\lafi~t1'fi~;:b~:~l;,1~e:i9~~~'of,ffibre·'~t;eri~::r~~~lj::e~~¢~~-::~ .
, ;,~i~~~ ..~4:w<?oa ..'p':TQ4~~ti9n. The ~jgh~l';-yi~lding·Yari~t.i~$. ;ire kl1£:l:\Yll,aS '~Haw~~ ~~~~~,~d:ar.~'

, ,,"", ,ttven<i11e:~~~~-:~gi'~:t>'K~7; '::".' ',,> , '-:', ' ',:"",' '" ::, ", ", ',.. ";';:,,, ,,:i,:'", , ",:'

" C~)
3. Ahm~d '~4';~&"~~tite ~at)' "~t. ~oil pJ:l4..15-4.9~~Jhe' gro~~,p~-rfo~~,!n~ .~f LeYAAt1n@:CQ~d ~,_~~i~~r~d
.. " "sa~faclpry~'/The,,:c~,~Cal 16vel'appeats to be between '4'.45' and ~~lQ:,J~eIO\1;-~mtb ·'the ;~~¢ws calmOt:he

~atijra:ct-Qr~Y ,~taolish:ed.lI (l~gl:" 7). - < " " • " ':' ' •• , '.

4•.Ip a :l~tcr st~dy (1988) the same author found that even at high rates of v91mrietric groWt~, Leucaena
plantnti0~have ;ilower avef,ag~ irtternal rate of retul':1'1; ·(IR~) (7~4%) than other tra4i~i6na1 cash ttQps,.

.tbou~ th~:pTodu:e,tiQt1 risk for ,many caSh cr.ops may still make, the trees an atractive ,alternative.

?'Fq;.U!~~y~ ~ell~p~irigs~fab~fIml t~ e1lChrOo~~p;~~fW/t,,~i ..
'hatv~st,it)~"'at,'tY.cl~s fje~e~,':2and'1(} yeats,' 'pi'lt Cbnsiderabfe pressure' bit the soil in terms ,cif '~utritnt' .
temcw:aI ~'eo~p:ared With ~oilventional forestry wirh harvesting after 30 to lOll y.e:3jfs. Studi~ (St6inbeclc,
If)~ti: ~ ~b~ ·(1S~"h~ve's~gges~ed,a removal tate o~ around 50 kg ha-l nitrogen, 1Q kg J\ 2tl t~'30 'kg Caand
.5 to;>$:J(t,~g,:~ ,~u~b'.int¢ri~~Ye 'S¥S~~in:sjr' (~~83: 14:7).' . ,

6~ All~y- etfQep'iU,&,~th ~c~iena substantially ~ncreases demands on la~r. It is est~~~~~f Utatlfon aveJ;"8.ge,
the;.~~"ct~p.J~uCaijna-'~t~:at~~nt ::in~reasedlab~r inputs by 52%...."(Nga~be:ki, 1985~ :~1)~

~ A,: : >~o ~ _ -: ':""v ~~. A ~,> ., ._ ~ ~ <

'f. The f6ilowmgJ()~J;l1;iis used to 'derive volume:

VolWn~ :::: .5 '. dbh2 *' height

wb:~r~' db'h == diam:~te,r at breast height This formula is suitable f0r the range of dbh 2.5 ~ 10 em, a planting
,density-of 5;000 - 4O~bOO, and fot the first Jour years of growth (Van den Beld~ 19B3; Kanazawa et at liigZ).

8~ A1$oiigll~Qt 'included :m the'model, elevation' may have had it signifiCant qampemng'eff~ct on growth.
Group -2 ,bad dte highest 'elevation (320 in above sea level)l where-as group 1 had an 'elevation of only 3a til.

9. Soil pH, although critically important as demonstrated above, will not be explicitly considered as it is highly
variable throughout the country but will likely faU within the range given in Table 1. Also, acidity can be
corrected to some extent by treating the soil with lime.
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10~ ,~q~~n'4..1ides~ttt~es a poittt-,input7:potnt,">Q~tpu~-prG~Ss~ it. asS~es ,th~t tlie_~~~~ted ~~eIl:~~
>~ the-same time th'e :tree~:~te h~~~ted. -:H6weiv:et~ it- can be ,eastIy lno$tied, to ~~fl¢et a ~opping sectqente
(similar to atl~y-crppping) where the nitrogen is llsedprior to h31'Vesting the trees:

_ T

~-(T) =PQ'(T).p-T:;:.LptqXt-c
t-O

11. This figures calClllated "from data in Coleman et. aI., (1989). It is relatively high, reflecting r:apid leachirig
due/to heavy raW'alJ. '.

12. Bilse4 On ll990 prfce.ofurea inKen~aof300 ~h/50 kg.-bag at an exchange tate oft5 Ksh/U$Sl. Smce
.~ea~o~t~-46~.n~t:~~~~ is scaled ~p by a factor of 2..11 (ljOA6) t~ arr:iv~ at the shadow pri~ of {lUre
~n·~>t~:e~oun~L··. .' -., . - - > _.- . '.

',i >~~.>
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Table 1: Data' on V()l~t:r'Jc Gro~~h ,of. bifferer,t", ~,:.:,2"yel!lr Old, keuc.a:enE!;'. :"
===:=====*========~=~=====.~~m~~~==~~=~=~~~=~==~~e=~~=~?~~~~~~~=~~~=~~~~~====~.~~=~~~ ,',

AnfUJ:l ~r~th Spac:ing SO:i:t:Ad:dfty ".:' ,R8.fP.f:~ft: '< ,t,en.perature < Var:t~ ,
(~3Jh8ttr), ,,(tr-ees/tuU' " (pH) <: ,'; , (K28=1) ,

==================**~=~==~*===~===a~:==.~~~=======~~~=======~~~#=.======~~~=••~-===~~=====

Sour:ee: 'Hu, T8~e.l ',fJ,rd fao ,:~r&nSf:, 1~82.

Group 3 1l.~ ~~OO 5.0 f~, 'iJ~:? '1
11'.0 ,5.~!) 5.0, 1:7t;i~t 23'.2" " 1
,t~~4 l{)OOO 5.~O t7Q~r: ,: 23:.2 ,: ~' ,
iUt,2 200005.:0 't7:b8:, :'.' 2:3.,2 ' t: '
25:.4 4eoao $.0 t:700~':::~'. ,~3:~2 l'

s:===:;:==:==;:-==.:;=.:;===.~==,~==\=~::¢~:;:;==~==:i:;::==:;~~~#~:=:;:=~e;:=:====:;:;:;~;it~i:,~:~:=-:;=_=:;==:;=~=====~==F===~:"

,.\".'

30:.7 2500
< 6." 1'7!(i.O<, ~2.2

,
'43.~2 '5~ "6..8 " 17~~r:' , ~2.2 1,
$.1 'lQOOO " 6.,8,' 1740 ' 22.2 1
4'2;.,2 lOtIOO 6.8 1'740;' ," " ~.2' 1
3;1.<~ '4:0000 ,6.8 1740:; ':'", ~2'.a 1

'>'<

~;4' a~O 5:.6 2·a)i::' 13,,', f
1~.4 5:000' ,:',,,6 ~$ 1'},.9' 1 :'
14,.5 't~O~O " 5.6 2~3'4 f3.9' 1-
'$:..6 z,oooa 5.6 l234: 13'..9 1
l8.6 40000 S.6 2~~" 1'3.9 1

9:.1 ~~~Otl 4.0 2514:... ::- 1'9.·0 O~"

U.•8 5000 ',,4'.0," ~~:i4:::' , 19.:0 Q::
1:a..O 1000n: : ~.,O 2514:, ',,' f9.~:O a:
18:.5 ~Ooo(t , '4:,,0 , 2s:i'>, 19.0 0:'
25.5 4000g. 4,~O 25~4:'" 1;9.0 0:

Group Z.

Group 3

Group 1

" ~ l



Table 2: Exte:nt ~f Mo.isture AY81'~.stii tj:tytr~ratur.e<_., Zones in Kenya, '-. _

================.~==••====~=======~ ..-====*¥~~~~~=~:==~~=~"=~~~=~7=-=========~~=========~==~~~"' -_ _ ..-.................. ,r:.:rat-ur:e - Z. < :"'': '.- - ,....... i;n-"1~'9' i·n':::
" 2 3 '4,' 5 . :6,::- ':: 7 8 9,' ·,~•• ---:P~r<e.,..t',

=============.===~==.=.===========.=.====~===~==F~~.=====~==.~~~~===-====.=~~===========.~=~~=~~~~~~~=~, ; 'rX , v

Moisture AvaHabHtty
Zone

I
II
111
IV
v
VI
Vu

aQ­
~
4:80

323'0
95:4:0­

U36:0

50
70

360
'1940·
zrQO

170

53'0-, 520 ::5311 -:250 :, ,35Q", ana 160
l>10- -: :,' -(tOO: :::tt~o 510 - .:, 280:: 60 ".
$$f' ,'..::.490' ' ,~~Q- ' . ,480 _ 7~f:

-840:"- -'~$O ,,}s9tr 1lQ:::'-' · , .. ',.

14.6(J:: 1Z60- :Al?o · . '.
240: : 160' , ., .. · .. <~.l

25'0:,' 4~4%.
, ',' ~$Q ::: It. f~'

,25l0;";:' 4 '~~
':2:8:1((:':' ,'4::~
:::8'-1'30:., .::ts~:o~ .':'

'" ·1a640<:>:':: 'ij:~7t: " ..
~3~ , '-':45:,,-$*

''ton~;~,aa~o1$
O.3'l,

260
O:~4'%

700
1.2X

3,060:
..s:..3%

32'80
s.~%

,.4260
" 1.3%

5190
9.1-%

in 1.'600 Ha. .. ~9.8$
in percent '68~;4%·

1.390:":-:'
2.~:

==:~..t~=r~=~--==-~ ....='-=--~::==~7~ •.•.•..
V;l

','



Zone Glas.sif:~ca.tion Hectares % of Pro"inc:e
('·000) To·tal

BtPnid
Mtdlands

530 O. 9% ~yanz~

Western
s. Nyanza
K-ak~ega, B~sia

Nyanza
Wes.tern

1·4 Humid
·Midl'ands

520 0.9% Kist!
K~kam.eD'a". .0'

Rift Valley '~a:ndl ,
.pen~~~.', ,;:.':~~t~~t:~:a'
East:~rri- '}M;~~-:::.

'. "'l:i·.;~ ,. ,

11.1-1

111-3

>~ ~ - >

,5ub::.:Htuntd
'-:l'fi:~).~n~$

~> ~ -' ~ ~>

;,

SUb'~~Hunl1d
Mi-dlands

Semi·'Huntid
LaVli!inds

Semi-Humid
,Hi-dunds

'.
<'

6:1(} l·A)' NY~tfz.-a
We:s:t~:1:n

400-- 0.1% 'Ny~ri¥'a.i .

Wast~t'n::

230 0.4·% Co.ast

.,

58·0 1.0% Nyanza

s:-.: ,~yan'Z·a, .'Siay~ :'
:" ~~~:i;~( . _:' ::::

> • ~> >::A ~.:..>:

"K~~~il , "KitS-tuna '
Bun-gorna :: "

Kw~li

Siaya. Kisumu
S .. '~y~~a

Killfi'~ Tana Ri~er
,Lamu

'. ,

490 O'''~% Cen~~~J.. M#r;:ang'~, 'Rtr1~y:ag~:':
.Rlf~:::~V~:::la~y , ,~ir~k-";- :<.. ".' ::::-. ..,

S~e.tili+Humt.Q. "
.. ,.:.: )li~i"rt~is-'

IV-! S$Il1i-Humid/Se~i"Ar~d

.L~~lanpB

IV-~ s~Jtii ::Huniidt$:~~t ":~~d;d
'.. Ml.:4:lli:nds

'l~I·'4

1V.. 3-S~nti.~'~~i~ls~m1-,Ar:i:d
, Mia~a~ds'

1. 4% NYqn¢~, S.::" Ni~ti~:ii'.t .Siaya
R.t:ic':;'Valley Wes't Pokot' .
Eastern ~~e;ltaJ~;os,.

IV-4 S:emi ",Hwnid/Semi.-Ar:id
_,Kidtanp.:s

450 O.8~ Rift Valley Natok

Totals ~/ 5,490 9.4%

___~===-"""""'~~-=======-__~=-:Z""=+_:O:lo'r===.-...:i==---====.....:;;====~=.-....'..;.""'=;:o~'""';.::~:)~"_=oor::.=I=~~='""""""=.*'===
Source: Sombroek et al., 1~82.

Note: 1/ Total Area used to calculate percentag~s is 58,260,(}OO Ha.
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Table 6: Projected Demand for Woodfuel and Potential
Sup.ply of Leucaena

Land Su1t~ble

As~anlled Pl~nted

Rotat,!:on
Harvested Area
AssUmed Yield
Total Yield
P-roj-ec'ted Demand

% D~Qland>M~t

'by' ,~~~:~e~a--

5.49
2.75
3.00
0.92

30.00
27.45
57.30

48-%

million hac
million hac

years
million cubic me-ters

cubic meters/ha!yr
million cubic meters
million cubic meters
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OPTIMAL ROTAT'JON OF LEUCAENA
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Figur,e 4. Optimal Rot'ation of Le:uca:ena in Months,: (0 = .05)
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