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. L. Anteoduetion? .. ... ... o

The dearth of wood for bummgand constmctmn is a widely documented phenomenon in sub-Saharan

Africa (Leach and Mearns, 1987; FAO, 1981). Figures indicate that arca wnder forest for the most densely

pupuiatcd countries in Africa has decreased in the past two decades by 15-25% (Leie. and Stone, 1989) Rapxd

faelwood shortagcs beca, e of its a’di, t}’/té giéw qui ,ly (up 10’9 meters in three years) and to producc large

amounts of good quahty ﬁrewaod accmrctmg Lo one source the specxﬁc g:ramy of a 6 to 8 year old L@gg_

Aﬁer i'ercw af the htefamw en the 'conomxcs of agmforestry and Lgm m pamcuiar the papcr

eval&atcs growmg condmans for )e na usmg a sxmplc r&gresstcm modei “and will then analyze thc prevaﬁmg
agro-chmauc conditxons in I{cnya to sketch out pmspecttve areas whete the tree can g;row The analysrs draws

on avaﬂa:ble daia m csttmate a velumctm gmmb funcmn usmg 2 éynafmc opum:zanoﬁ techmqua in discrete

time i m arder to determmc an optxmal ro{auon for harvestmg the Krees

It is assumed that trces are grown in stands as oppo, ed‘to an aIiey-r:mppmg approach since th:s is more

appmpriate fer maxmuzmg yield for ﬁrc{mod rathcr %han using t:hem as a source of "green manure.”



Neverthieless, the analysis represents an important point of departure for future research ofi the ‘économics of

shorbrotatxon lagummous trees, in that it provxdes a basxc mcthodology usaful for: addressmg thcse issues.

Il Review ol' therature

Several carly attempts were madc ta apply ccenom:c thcory to the gmwth and pra&ucﬁon processes of

trees and other agricultural crops over time. des (1982) is credxted wsth mtmducmg tht: concept of

camplemmtamy betwacn crops and trees to cxpancl the pmductmn posslbﬁmes fmnner Ethcrmgton and

beneﬁts of plantmg trees in the alley-croppmg techmqu@ usmg dynamlc ptoducnon functnons Chnstophcrsen

_(1988) condttcted a study of agrofomstry optlons for the Sahel that showcd thc dxffercnt break«even costs and

estmiated net pres& >t value (NPV) far scvsral types 0? m(arvenﬁons
Blandon (1985) m brmgmg portfoho theory m agraforestry, ShGWS how wea;k or negatwe response

correlanon between trees and crops to changes in wsaf.het pafterns can sprcaé nsk across dxfferent farm

be proﬁtable (Spears 1987), argumg that rapid increases in fuel and censtmencn pfole prxccs relatwc 1o, other
commodmcs wxﬂ increase the pwfitablkty of gmwmg treas V

’I‘hcmgh prewous werk pamts L@gcacg as a mtractc tree, (e By Ngambekl, 1985 Cobbma et al 1989)/

it is )mportant to recognize that thsrct are some pro}blems assomated thh n (Natwnal Academy ef Scxcnccs,

19’77) Far mstance, it is commonly known thai Leucafma leavcs and pods contam a taxm alkalmd mimésine,

Leucgen a as a whole and the species L. Igucgcaghal a in parttwlar is poorly adapted to acidic soils (Ahmaé and



exceed 40 m /ha/yr (Jen, 1980)4 1t is unclear, however, whether h]gh yxcids can be mamtamed over time,

cspccxally if ail the bxomass is rcmoved from the sxtc (Hall and Coombs, 1983)5

Raturns vary accordmg to how }abor is mvested in production. For instance, a study by the intemanonal

ECrops Rescarch Instatute for thc Semn-And Tropics (ICRISAT) found that sole crappmg was more ptoﬁtable

than alley croppmg, pnmartly bccause of Iugh labor mputs (W&lker 198’)7)6 thtie data is a\:aﬂable an labarﬁ .
rcqmremants for harvesimg WOod (fucl or pules) from stauds of glant typc l_,p_g_g___g Hawcvar it xppears that
thc dcmands are substantxal and may be a burdle to wider adaptmn of thc plant Ime:xswe weedmg during the
ﬁrst year and subscquent plot managament and harvest in foilowmg years have becn reoorded by a numbar of
researchers (Dvorak, 1990; Ngambcki 1985) A method called the "barestem” techmquc has been developed that
may significantly reduce planting and weeding demands on Iabor (Trees For the Future, 1990) Thxs techmque

involves starting the seedlings on raised nursery beds duringthe dry season; and just before the rains, pulling

up the roots, stripping the leaves, and packing them into bundles for transplanting.



- Volumétiic Growthi of Leue

aéias Ani Ecoituinetric: Model -
The purpo‘-“ r *sefo“f”tﬁis"séa?isn o ‘ia'eiitify“tﬁé:condméﬁs‘mm :i:piticalljf'iafféct thé volumetric growﬂi rate
exPEanatary variables (Stone, 1990)- These results are compared o actual conditions existing in-Kenya to

na. ‘A Cobb:Douiglas model was selécted to estimate

‘gTDWth in volume between the secand and thrrd years The sample was drawn from expcnmental data in Hu

amiKlang {1982) and i is g;vcn in Table 1 Sml pH vaned from mcst acxd (4 0) in gri:mp 3 to lcast acid (6 8) in

Sumlarly, temp@ramrc was alsa inghest in group 4 (23 2 °C) but substannally lower mn group 2 (13 9 "C) 8

. The results are Inghly sxgmﬁcant, both for the m&mdnal est:mators and coHecnvely for the regresston as

a whcle The esumatcd regressmn functxon Wllh srandard erro:s ngesn in pareutheses is:

@ logY-—-28246+ 217IogX +262810gx + 23501ng3 + 2.36010gX
CA5325) (03D L. (0B @528 - (032%)

E=386 - RP=08. ..

The results confirm the range of temperature, rainfall, and soil pH that is desirable for growing Leucaena.
The estimated value of 8, indicates that, holding all other factors constant, the average volumetric growth will

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



:nmiuérrainfaﬂ)%nd-temperamiré.:the volume elasticities-are 2:35 and 236, respectively, over the.range 1700-2500
mm, and 14-24 . dcgtees Celsms [T R

wi;is-“v;ariatioﬁs in temperatures {see Tﬁbj}eﬂ)? 2 R T o T

ER I ,The Iand:>m»1€ nyafl&dlvxded\mmusavcﬂ moisture. ‘é‘m}ab:hty zones, tzmg;mg ftom humid to-very and .

to medium potential.. Zone IV.is transitional; and covers-about 5 percent of total area. Progressively more land
_comes tinder zones V,toi»wilﬁ‘;v?bu{t;ttI}is,zlan&i‘rggeiv/es,bélow,el.I‘Qﬂ;smm/peﬁ annum in rainfall and is considered
. unsuitable for. Leucaena, = - -

~Because -of the &wmendous elevation ¢hangcs in Kenya, /temps:ram:;: zones vary as widely as do these

3 ‘)Pbt mstaitcc,f L

: degrees Celsms and the mean maximum: tﬁmperamre is. bexew 16: degree;s Roughly 4.3 percent of the land area

of Kenya is *class:ﬁad as being h;ghlands in :wnes 9 thmugh 6, Zcme 5 is alsg cons*xdered a {lower) highland, and

covers around 5 percent of. total area. Average tempcratur,es in- these zones are still too cold for many species

”. Zgné.sﬁ ,thrquh.‘l axezmgr_a-.egpéu;cwz‘:tg grawtk-.ap&;m’;‘ghcse zones moisture: becomes the
limiting constraint. Tn fact, over-half the land in-Kenya is covered by zone 1, with a mean annual temiperature

of%tamdcgms&’isms )

Zones 143 and 1-4 are the most desirable with an average of 1100-2700 mm. of rain per year and temperatures

ranging from 14° to 26° on average. Area under.zones1-3 and I-4.exceeds 1.million heetares, occuring primarily



‘i southwest Kenya {(see Table 3):- Zones 11-3-and H-4; which are less humid, are-also foundin the-southwest,
covering about 1 million hectares of land in the Nyanza and Western Provinces.” Zone HI, with 800-1400 mm
mean annual rainfall, also covers over a million hectares in combination with the temperature regimes 1, through
4, These semi-humid midlands and lowlands occur along Coast Province in the east and Nyanza, Central, and
to-alesser extent, Rift Valley Provinces (see Figure:1). Finally; zone IV, which receives on average only600-1100
-mm of rainfall per year and is therefore less suited for raising Leucaena, ¢overs about 2 miillion héctaresin the
Rift Valley, Coast, Eastern and Nyanza Provinces. TR T e e
- :'Having:def‘med)a}easofhigh:potentiébaiidiaresas.potemizzlly:suitedv.ta:griaixring;_;;_;g;:itismiw»possible
to show how: tha hxgh poteitial ’lami is distributed in Kenya, and how'it: cerrespénds to popu]aneﬂ densmf:s. The
issug- uf papnlatmn pressure is critical to uneferstandmg the: dynamxcs of: n:sum'ce use in K‘enya At the srmptcst}
population densities may also signal an adequate supply of labor to intensify agricultural production through the
adaption of new technologies, such as nitrogen-fixing trees, given the corréct incentives.

Table 4 shows how high, medium, and low poten»tie;l land is spread across the varions provinces and
districts,.and gives the average hectares per person of arable laxid as'of 1979. Ascanbe sean, Csntra}, ‘Western,
Nyatiza, and-part-of the- Rift Valley contzin a large- share of the. best agnc&ltutal land anci have t]ié'lo\vcst per
capita land availability. Howsver,the’ most fertile land is in the:cooler highlands, and thus Léucaena would not

compete with higher valug-crops like coffee and tea. -

V. :Optimizing Leucaena Production ‘ever Time: A Bioeconomic Model

The purpose of this section-is to' determine an optimal rotation for harvesting Leucaena leucoce

based on prevailing prices, costs and growing conditions. It will also estimate the present value of fand under

Leucaena for comparison with- other possible revenué-generating activities. The optimial rotation‘ léngth can in

fixation and organic matter decomposition, are bri¢fly examined.



-'Fo arrive at an-opfimal rotation: periadf,:’fl??;: one #iéeds to estintate a growth function; Q(t), to-describe
_production over time. . In-this case, production is:measured in cubic meters; hence the production function yields

volume at future time, t. A commonly used functional form inthis-case-is:. -
o% Q) = 7"t

where: e e e T T - -

Q(t) = volume of Leucaena in m> on one hectare of land;
€ = base "e" (2.71282)

= tzme in months;- e L
T&n = patametcrs such that q>-y>0

To cst!matc thc equatmu, the natural IQg is takcn of both sades Thc: resultmg cquatmn ish

@ - ®mQO=v-nft

Five separate equatmns were ﬁued usmg data from Tablc 1 Each cquatmn corresponds toa é:fferent

density, volume increases due to the prohfcratmn of many small- branches and trunks as opposed to increases
in diameter of individual trees. Also, it is easier to manage a less densely planted stand. For the purposes-of
the following exercise, a planting density of 5,000 trees per hectare will be assumed. The estimated volume

funetiots that will be used is therefore:

) Q) = 561 - 36.18/t

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

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



- - The Falistmann-Pressler-Ohlin Theorem (FPO) develops criteria for finding, the optimal length of an
infinite mtati‘on.dftréés-basedfonptevaiﬁng interest rates, net price of timber, and time to maturity for the stand.
Several assumptions are implicit in-the:model:

1.) a "perfect” capxtal market exists; farmers can lend or borrow any amount of money at the prevailing

interest rate which is known with certainty over all future periods;

2.) future wood prices and future prices of inputs are constant and known with certainty;

3.) future wood ields are known;

4) land can- be-bought; sold-and rented-in a. perfect market.

: Qe»_xzért e 'modcf ‘over an’ mﬁmte series of rolatlons, dmng soallows

sent value af atl future mianoas and epm:nal time to- harvcst.
Havmg estlmatcé the volumethc gmwth cquauon it is possible to use that relationship to derive the

optunal wtauon of nggg;__g me equahon 5 and Fxgure 3, the time to harvest that maximizes mean annual

rotauOn can bc caiculatcd based on prcvallmg pnccs of ontput costs of prodnctten ¢, and the interest rate, 5

o

Geee e L W [PRYT) pl-e]

) wherc p = 1 /(I+ S) For an mf' nite series of rotzuens, the expressmn far is:
N

T*=[pQ(T)p'-c] (1+pT+p?T+.. . +p™")

which converges to:



(8} WL LT s Ehamer oo e ML e L AT PR

Vf? EPQ(T)p ~c}(1-—p )-1 pr(‘I‘) -c(1+6) ]
L LTElpR(T e -e] (1-p ) e mms o

If planting costs are assumed to be zero (which may not be a poor assumption if seedlings are raised in the:ﬁ'ry
season), equation 8 reduces to:

®

since p = 1/{1+8]. This is the formula used to caleulate the NPV for each rotation length, over an ‘infinite
series of rotations.
At yearly interest rate of 5%, a wood price 'of $16.77 per cubic meter (a figure taken from Hosief's 1989

.study in Kenya), and zero cost of harvest (implying a zero opportunity cost of labor), equation 9 generates the

™ £s W hcrc the slope csf the -present. v&luc fnnctmn.?

Vequals zero It can be qmck}y seen that, s “slightly an TM AP 3% a8 com* i erd to 36 menths 'thsg
values are consistent with other estimat‘es i the literature (Van den Beldt and Brewbaker 1980; Hu and Kiang

1982) At § = .05, the NPV cf all futufe mtaimns is US: $‘4 344,

SZ,OOG Incrcasmg 5 to 26% resulted in an evw shortcr opnmal mtanon 1cngth of T 29 months At 6 =
.20 NPV of an mﬁmte series of retatxons fell to on[y $893 Thus, the solutlon is sensxtxve to changes in the
discount rate, but remains between two and three years over a reasonable range of observed interest rates.
Secondary benefits of producing L ,.t(:.ca’ging can be quantified to determine at w}xat point they alter the
optimal rotation. For instance, soil improvement through nitrogen and organic matter accumulation were

included in the model to determine what effect they had on the optimal rotation time (Stone, 1990). Assuming

9



that Leucaens is planted at t = 0, a specified amount of nitrogen will pass into the soil from leaf litter, root
nodulation, and fine root decamposxtmn If the flow of mtrogen is trcated asa prux:y for soil improvement, and
dennted Nt’ and the amcmnt of mtrogan avaﬂable in pcncd tis denotcd Xt then the foﬂomng equation describes
their relationship over time:

a0

th‘]:(l"l) Xt+Nt

pnce is esnmated usmg the:fertilizer prxce eqmvatem 4. In' dxscrete time, the ob;ecmw: function is tot

| Max[pQ(T) +qX;1p'~¢c

and a fcmlmer prme of $240/t0 the o{;(tmal rotatxon t:me doas not cbange 'I'Ize solunon tbund abeve stxﬂ
lmlds‘ it remams constant at 34 months for an mﬁmtc senes of rota[tons, even mcludmg thb estxmatcd beueﬁts

fram soﬂ mipmvemcnt Thxs rcsult is pnmardy a fgmezwn of A, the rate at whxch mtmgen passcs tmt of the root

zone.

10



YlPutentmlCaattihnﬁon,tol’roaecteﬂ nemandiarlruemod s S pen e e

in Kenya can be demonstrated. The World Bank estimates that the démand for Wc)odfnelWI}lnse from 31.0:to
57.3 million cubic meters from 1985 to the year 2000 (1988: 21). If L. leucocephala were planted on half of the
potentially suitable land (5.49 million hectares), and a steady-state yield of 30 mS /ha./yr. on a three-year rotation

is assumed, then the annual yield would meet 48 percent of the projected demand in the year 2000 (see Table

6).

Clearly, one- needs to be cautxons in. mwrpretmg these rcsults The yield. of 3(1 m3/ha /yr from L,

l i Kenya is somewhat thumshc. In the coo!er pans of Kenya, it Bas bean suggeste& thai L_v

rsifol lia xsbetzer adapted (Brcwbaker 198’7) Also, thc oppattumty ‘costs. of eievofmg-oneate:ghth of the arable

’Iand i Kenya to Iﬁgcagng as opposed to food or other crops may be unaceeplably High, How:ver, the
calculations illustrate the potential of high-yielding tree varieties for supplying the anticipated demand in the
woodfuel market. Alternatively, meeting this demand through kerosene imports would cost Ksh. 2 billion per

annum by the year 2000 or approximately 8% of export ¢arnings (Wo:ld Bank, 1988 4)

VI 'Concli;sidn‘ -

This paper has attempted to set an economic analysis of “Léucae.ng production in the context of
increasingly urgent wood and fuel shortages in sub-Saharan Africa. It-reviewed previous stu@i;es on the subject,
with particular em-phagi/s onLeucaena, and found that to da;c many of the studies l;»avc uséd rudimentary quels
of the actual processes involved. These are important points of departure, but they indicate thé scape fer
innovation in both technique and theory. This paper builds on earlier efforts by bringing the Faustmann-Pressler-
Ohlin Theorem to bear on fast growing tree species.

The model developed in this paper, in conjunction with information on agro-climatic conditions on Kenya,
suggests that L. leucocephala could potentially play a significant role in addressing the future demand for
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



,,,,,,,,,,,

‘performancs in- Kenys, to assess altérnatives;.and to determing what role it may play’in meeting the future

‘demand for fuelwood: <

12
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Notesf« N

i 'xz‘ (hs focus of more recant re:se

‘\ynte that, "At soil pH 4.75-4.95, the growth performance of Leucagna ccmld be considered
hic, eritical level appeirs to be between 445 and 4.70, beiow wlnch the s;;eczes cannot’ ‘be

satxsfacmrﬂy estabhshed " (1981: 7).

4, In a later study (1988) the same author found that even at high rates of ivbiumetric growth, Leucaena
plantatmn& have a lower average internal rate of return (IRR) (7.4%) than other traditional cash crops,
Ehough the prczdﬁétmn nsk for mmy cash crops may stxlI make. the trees an atractive. aItGmatxve

* harvesting, at- cyclas b tWeen 2 and 10 years, pm consxdf:rablc pressurc o thie smt in temks of nutrie
renoval as compared with conventional forestry with harvesting after 30 to 100 years. Studies (Stcmbeck
1981)>m th& USA have suggestcd a remova! ratc of areund 50 kg ha” -1 nitrogen, 10 kg P, 20 t030 kg Ca and

- ,vui:aeﬁa treatment mcreaseé labor inputs by 52% (Ngambekl 1985 247)

7. Thc follczwmg furmula is used to derive volume:
Vohime = 5 dbh? * height

where dbh = diameter at breast height. This formula is suitable for the range of dbh 2.5 - 10 cm, a planting
density of 5,000 - 40,000, and for the first four years of growth (Van den Beldt, 1983; Kanazawa et al. 1982).

8. Al‘though not mc}uded in the model, elevation may have had a significant dampéning effect on growth,
Group 2 had the highest elevation (320 m above sea level), whereas group 1 had an elevation of only 30 m.

9. Soil pH, although critically important as demonstrated above, will not be explicitly considered as it is highly
varidble throughout the country but will likely fall within the range given in Table 1. Also, acidity can be
corrected to some extent by treating the soil with lime.

16



at thc samc t:me the trees are harvested Homver, it-can be eastly mo&lﬂed to reﬂecx a emppmg saquencc
(similar to alley-cropping) where the nitrogen is used prior to harvesting the trees:

T
n{(T) =po(T) pT+¥_ plaX,-c

t=0

at time t.

11, This figures calculated from data in Coleman et. al,, (1989). It is relatively high, reflecting rapid leaching
due to heavy rainfall. .

12. Based on a 1990 price of urea in Kenya of 300 Ksh/50 kg. bag at an cxchangc rate of 25 Ksh/US$1. Since
urea ccntams-46% mtmgen, Xt s scaled up by a. factor of 2.17 (l/ﬂ A46) to arrive at the shadow pricg. of pure
in the grmmd ( ) .

17
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Table 2: Extent of Moisture  Availability/Temperature.. Zones in Kenya .

—— cemeeote-- Teiiperature
,&‘

2ohe
12 3 5

Moisture Availabilbity
Zone <

1 - - s3a. 52 530
1 20 50 610 o400 430
1 20 70 580 490 5
v . 4B 360 B4O. - 45
v 3230 1960 . 1460
vI 9540 2700 20 S
Vi1 26360 170 . ” .

in 1000 Ha. 39860 5290 C4260 . 3280 3066 13907 700 260 1 -
in percent  6B.%  9.1% - 7.3%  5.6% 53X 24X . L% 0% 0.3%.

Ceay v s B

P S

Source: Sombroek et al. 1982, .




Table 3: Temperature and Moisture Zones Suitable for Growing Leucaena

Zome élaséifiéation Heét&res $ of Province District
('000) Total .
I-3 Humid 530 0.9% Nyanza S. Nyanza
: Midlands Western Kakamega, Busia
I-4 Humid 520 0.9% Nyanza Kisii
‘ ‘Midlands Western Rakamega Bunigoma
szt Valley ‘Rand:
Cires Sub<Humid 610 108 Fyan
Mi“lands ; Weszern
1ti4 S Huita 400 0.7% vl\fyanza
Midlands Western Bungema
III-1 Semi-Humid 230  0.4% Coast Kwali
Lowlands
I1I-3 Semi-Humid 580 1.0% Nyanza Siaya, Kisumu
Midlands S\~Nyanza
- 11I-4 %90  0.8% it Murang a Kirirnyagaﬂ
R ; - let Valley) Na“dk N
IV-1 Semi-Humid/Semi-Arid 480 0.8% Gaast Klllfl, Tana Riéer
Lowlands Lamu
1V-2 Semi-Humid/Semi-Arid 360 0.6% Eastéin Eiiba, Meru
~Midlands : )
1V-3 Semi- Humid/sem}, Arid 840 1.4% Nyanza SNy a, Siaya
‘ Midlands Rift’Valley West Pokot’ :
Eastern Machakos
1V-4 Semi-Humid/Semi-Arid 450 0.8% Rift Valley Narok
Midlands .
Totals 1/ 5,490 9.4%

Source Sombroek et al.

Note:

1982.
1/ Total Area used to calculate percentages is 58 260,000 Ha.



By Province  and u'istr’icf' s

Densities  in Kenyas;.

f«i of (ZQ\&:
Total W&

PROVINCE: o ) *RE& :pénivﬁ"jljwi RS
(Sq+ ¥m.) DE“SI S ¢

DISTRICT

CENTRAL

EOAST ”]; o V~~ B 25‘1
3% 3.2% 1850
‘( - ;}ﬂBT

40 0.7% 663 ¢ 8E.0% 5,82 3, 6% 3.96
9% 132 CORI% 858 22.1% 9.25"

AL ¢3519

13,0

EASTERN

NYANZA xisii 2 196 396 : 1\914
Kisum 2,093 a30. 605

Sieya  Z,522 . 188 985.

South Nysnzea 5,714 %3 2033

SUB-TOTAL 12,525 211 5537

...... dn e 4 R by



Teble . 41 . Agricultural.  Land Potential'  snd ‘Ropulation  Densities  in Kenys,
By Provinée  end District  (cont.) : :

% of (Zores. - %of ARABLE ARABLE AS  NECTARES
Total V & VI) . Total. .. LAND PERCENTAGE PER PERSON
PR a:) | OF TOAL,  19m

N Yy
e {sq. Km.y 1979 L&'

353
0,98
2.23.

RIFT ™
8%
0%. .23
‘o 053
%
0%
2%
b4

Z4.6% 5309 -
VALLEY {

3%.5% 350
9.2% 3019
23.7%" 2
15.5%. 6757
41.1% 1073

6.01

2 3,077 s 121
Busia. 1,626 183 927,
Kekemega.  X,495 205 1918

HWESTERN

SUB-TOTAL | 8196 2247 4058

TOTAL  seke2 2 23500

=E=

Source: Jaétzold apd Schmigt, 1962,



Table 5:

volumetric Grosith

Density Spacing -~ dam Pé‘l;afliétef B8
trees/ha o

Y

2,500
5000
10,000
20,000
40,000

5.42

561
5.18
5,45,
5.33




Table 6: Projected Demand for
Supply of Leucaena

Woodfuel and Potential

Land Suitable
Assumed Planted
Rotation
Harveésted Area
Asgumed Yield
Total Yield
Projected Demand

% D@mgg@aﬁet
by Leucaena

W
SO WML

27
57

.49
.75
.00
.92
.00
45
.30

48%

million ha.

million ha.

years

million cubic meéters
cubic meters/ha/yr
million cubic meters
million cubic meters

Souree; vérpjeate& Demand: World ‘Bank, 1988.
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PLANT ING DENSITY EFFECT ON GROWTH

vap. o . VOUWETRIC GRONTM AT DIFFERENT SPAGINGS

" VOLWE C(CUBIC METERS PER WECTARE) -

55

) 60
TIME N MONTHS :

O 2,500 + 5,000 o 40,000 A 20,000 X 40,000

Figure 2: Planting Density E

ect on Voluméteri;cv G‘;owth of
eana : o




MAXEMUM MEAN ANNUAL iNCPEMENT CMAi:}

] vonm:mxc Gnum xr' 5 Boo. mnszm .

VOLIME (CUBIC HETERS' PERBECTAREY

Tmz n Halms , éta = 35.18

Fiéure 3: Maxuaum Mean Annual Increment (MATI) of Lg___gp_g




OPT IMAL ROTATION OF LEUCAENA

Discrete Tv,_ma, Months

o
&

-3
(]

223 ag
|
TN
‘ ™

£ Thousands)
P S e
a s
o
—

++ - MET PHESENT BRORIT' IN DOLLARS PER WA,

O oWk D n D O
.

// T = 34‘ j ) .
) l 15 1L 20 EL 30 BL 48 JS 58 SL 86 EL 70 7L o BLs‘o E*[5 160“£51401_{t$1%u

TIME N MONTHS

At detts = .05

Figure 4. dptimal Rotation of Leucaena in Months: {(§ = .05)
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