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ABSTRACT

The study was conducted to evaluate the suitability of Acacia al bi da for
fuelwood fodder production using agroforestry inand semi-humida
environment at Mafiga, The trial was planted in February,Morogoro.
1980 and arranged in a split - plot design with three main plots:
1) Acacia intercropped with maize,

Acacia intercropped with beans, and2)
Acacia monoculture cleanweeded.3)

four tree spacing subplots, no trees, treesEach main plot included
planted at 5 m and 6 x 6 m.4 The experiment had four4 5x xm,
replications covering an area of 4.32 ha.

March 1986, thirty trees representing all the diameter classes in theIn
harvested and used to determine volume, biomass and nutrienttrial were

addition, eight root systems were excavated to determineIncontent.
anddi stribution, nutrient Seventy-two soilbiomass content.root

samples collected the different treatments and analysed forfromwere
Data on height, diameter growth and food crop yieldsnutrients.macro

(maize and beans) for the past six years was compiled from past records.

of six years, the mean height and DBH for Acacia al bi da intheAt age
trial was 8.41 m and 10.7 cm respectively.wholethe Height growth was

affected by intercropping nor tree spacing, but.diameter growthneither
was affected by tree spacing.
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and total biomassVolume production 9.9varied from to
. Intercropping did not43.1values ranged 19.6 tonsfrom to

0.05) influence the production of volume and biomass.
0.05) influenced both volume andsignificantly (pSpacing, however, <

higher volume and biomass under lower spacingproduction withbiomass
and the lowest volume and biomass under the highest spacing.

were high and comparable to other tree legumes.concentrationsNutrient
foliage andhighest in theconcentrationsGenerally, nutrient were

in the stem, with concentrations in the roots andbrushwood, and least
branches being intermediate.

accumulations highest in the stem,nutrientExcept for N, the were
least amounts found in the foliage andwith theandbrushwood roots,

highest inventory of N was concentrated in the foliage.Thebranches.
the aerial biomass at the closestintotal nutrientThe

were 262.9,spacing (4
Corresponding valuesand 73.8, Na.57.6, Mg

biomass were 85.0; 8.1; 54.3; 23.5; 18.1; and 8.1 Kg ha .

trends of increasing nutrients under the trees theAlthough there were
did not significantly influence the nutrientof Acacia treespresence

status of the soil.

-1Food for beans and 343.8crop
956.0 The yield of the food crops were notto

for the below ground 
. -1

accumulation
x 4 m) in Kg ha

ha 1

significantly (p <

yields varied from 143.2 to 409.7 Kg ha 

Kg ha-l

24.9 m3 

ha'1

N; 39.4 P; 156.7, K; 97.4, Ca;

for maize.
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significantly affected by the presence of the trees. The Acacia al bi da
taproot with lateral roots growing downwards.system developedroot a

At the of six years, the mean taproot length was 2.84 m, and theage
di ameter of lateral roots varied from 1.40 to 2.30 cm, while thelY*mean
length varied from 1.64 to 2.32 m. The root system is uniformlymean

distributed soil profile, but with a higher proportion ofwithin the
1ateral depths greater than 20 cm. The fine roots, however,roots at
are concentrated in the top 30 cm of the soil.

effects Acacia al bi da on food crops and soil fertility, and theThe of
the species for village woodlots as a source of fuelwoodsuitability of

and fodder are discussed.
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CHAPTER 1

INTRODUCTION

In the last'decade, a lot of attention has been given to the shortage of

fuel wood in developing (Arnoldcountries and Jongma, 1978; Noronha,

1981; 1982). The situation is especially serious in the dryAmor,
lowland close do normally not exist.where forests FAO (1981)areas
recently quantified and mapped the global fuelwood crisis and predicted

the century, 300 million people in the developingthat end ofby the
world will face an acute shortage of fuel wood.

given for this fuelwood shortage in theseTwo beenmai n havereasons
People need new land(Lundgren, 1985; Pimentel et al., 1986).countries

for a variety of differentthey need woodandfor production,food
The largest share of forest clearing is, therefore, made forpurposes.
food production and subsistence cutting of wood for fuel andsubsistence

felling of leads toindiscriminate treesbuilding material. Thi s
problems of fuelwood shortages,associateddeforestation with the

soil erosion, floods and loss of medicinalfertility,decline sol 1in

and other values of the unexplored species and germplasm.

crisis has in recent years led to an unprecedented flow ofThe fuelwood
fuelwood production in village and otheraid fundsinternational to

main aim of these projects being toThesocial forestry programmes.
and improvesituation, soi 1improve ruralthe conserveenergy

availability and serve existingconditions, enhance water resources

natural ecosystems.
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establishment of woodlots to address fuelwood shortages has receivedThe
(Mnzava, 1980) and in many other developingkeen in Tanzaniainterest

main difficulties1982; 1983). Thecountries (Gregersen, Wiersum,

experienced in these tree planting programmes include:-
tradition in growing man made forests among the peopleof1 ackthe

in rural areas;
tree plantingfromofpercieved long term returnsthe nature

relatedfrom agricultural and othercompared fast returnsto

economic opportunities;
that tree planting has to take place at the same timeand factthe

planting of food crops (Skutsch, 1983) in the context of thetheas
shortlived and unpredictable rains (Kenworthy, 1964).

approach to landuse which holds a great potential to address some ofOne
definitions have beenVariousproblems is agroforestry.the main

Agroforestryagroforestry (ICRAF, 1982).suggested for the term
landuse system involving deliberatei ntergratedrepresents aan

planting of trees and other woody perennials in a crop orretention or
production systems so as to enhance the overall production of theanimal

fairly wellThe concepts and principles of agroforestry are now1 and.

(King, 1968; King, 1979; Lundgren and Raintree, 1983; Torres,el ucidated

Similarly, the potential role of agroforestry under a variety of1983).
exami ned by variousalso been authorsecological conditions has

amelioration of marginal environments (King andespecially in the
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Chandler, 1978; King, Chandler1979; and Spurgeon, 1980); in soil

conservation (Lundgren and Nair, 1983); in high potential lands
(Budowski, 1983); in with insufficient rural infrastructureareas
(Lundgren and 1982) andRai ntree, in combating deforestation (King,
1980).

Agroforestry is a means to solve a significant number of problems under

specific site social conditionsand economic but far from being a
detai led evaluation of its structural(Maydel1, 1985). Apanacea

and associated functional features is therefore needed. Thi scomponents
data efforts where agroforestrywi 11 extensionbe inimportant

interventions are considered appropriate.

is undoubtedly the most Important in the structuralThe tree component
Many fast growing fuel wood treessetting of agroforestry system.an

identified (Felker, 1978;beenagroforestry havewith potential for

Sciences, 1980; Nair, 1983; Forest Division, 1984;National Academy of
addition, traditional agroforestry systems haveLulandala, In1985).

recently been studied to identify the tree species involved
et ak, 1984; O'Ktang'ati et ak, 1984). Sufficient evidence(Fernandes

show that many tree species combine profitably withhas accumulated to
many tropical and subtropicalinagriculturalconventional crops

there is a general paucity of knowledge on theenviornments. However,
and especially information phytomassspeciesgrowth of the on

when grown with food crops.relationsaccumulation Thisand nutrient
study was conducted to provide such information for Acacia al bi da which

in traditional agroforestry systems (Kerr, 1940;has widely usedbeen
Seif-el-Din, 1981; Miehe, 1986; Poschen, 1986).
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Acaci a al bi da has been the subject of many studies both of a general and
scientific 1969;(Wickens,nature
1986). dataTherefore, isbasic available on its ecology andnow

distribution (Wickens, 1969).geographic Regeneration and early growth

of also well studied (Maghembe and Redhead, 1982;beenthe hastree
availableKiriinya, and1983). however, growthData is, not on

Acacia al bi da in a plantation setting especially where itproduction of
deliberately intercropped with food crops. This study presents datai s

and biomass production in a six - year old plantation ofthe growthon

intercropped annually with maize and beans at Mafiga,al bi daAcacia

Specifically, the objectives of the study included:-Morogoro.

production by Acacia al bi da monocultures andvolumeofestimation

under intercropping with maize or beans;

of biomass accumulation and nutrient distribution inthe estimation
the tree components under the different treatments;

the assessment of the nutrient status of the soil in the stands;

underfood crop yieldsof thetrendof thethe assessment
agroforestry system;

distribution of individual treesof the rootand the assessment
within the soil profile.

Felker, 1978; Miehe, 1986; Poschen,
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CHAPTER 2

LITERATURE REVIEW

2.1 Acacia al bi da

Acaci a al bi da deciduous tree growing upto 30 m high and having ai s a
massive root system (Wickens, 1969). At maturity, the crown is wide and
rounded. trunk is generally solitary and may attain a diameter ofThe

The stem bark in mature trees is brown to dull - grey, rough,2 m.upto
deeply fissured and scaly. The bark of the branches is reddish brown to

The leaves are bipinnate and the leaflets are grey - green, eachwhite.
slightly obvate.

colour.and yellow The fruit is a podinsessileThe flowers are

to reddish brown when ripe butfrom brightvaryi ng colourin orange

seeds are light to dark - brown inThesomewhat purple when young.

1966).lenticular in shape (Ross, There iscolour and elliptic
species with respect to height andthewithinconsiderable variation

maturity, and presence or absence of spines. It is speculatedgirth at
the large differences in growth rate could be attributed in part tothat

seedling heterozyoisty (Anon, 1966).

al bi da is widespread in the drier parts of tropical Africa with aAcacia
rainfall of 300-600mm (National Academy of Sciences, 1975).annualmean

The from Senegal to Ethiopia and Southwards through Eastextendsrange
Africa Angola and There is a northern extension from theNamibia.to

main via Nile Valley north to Lebanon. It is also found intherange
Israel and Syria and the Cape Verde islands (Wickens,1969).
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Ecologically, colonizer of newly depositedit i s alluvial soilsa
(Feeley, 1965) the frequent reports of occurence on river bankshence
and flood plains. The altitudinal distribution ranges from sea level to
1800 elsewhere from sea level to 2,500 m as onEast Africain butm

Jebel Marra in the Sudan (Wickens, 1969).

timber of A. albida is used for joinery, interior fittings, shuttersThe
use is forand 1957). its mainstructural (Hughes, Butpurposes

well suited for making house utensils such asfirewood. wood isThe
mortars and food containers (Poschen, 1986).

trees are fastened together to makeIn Nigeria, the stems
During the dry seasons, herdsmen indug-out 1940).(Kerr,canoes

lop the living branches of the tree for animal feedSenegal Sudanand
letfarmersHararghe highlands of eastern Ethiopia,while in the

from the fields during the dryalbidapods of A.livestock theeat

season (Poschen, 1986).

Africa and Tanzaniain Westgood quality gumtree producesThe a
In some parts of West Africa, the trees are ring-barked(Irvine, 1961).

In the Nuba mountains of theto make beehives.usedand the bark is
An extract of the bark is used forgrown as live hedges.Sudan, isit

for pneumonia in Senegal. In the Parelinimentbathing and as a
Tanzania and in Namibia an extract from the bark is used todistrict of

cure diarrhoea, while the Masai use it to cure fever (Kiriinya, 1983).

of mature
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2.2 Forest biomass and the energy situation in developing countries

The development of civilizationand been closelyhasemergence
associ ated with increase in the per capita consumption of energyan
(Singh, 1984). Increasing supplies of energy are needed to maintain and
improve standards of living and for economic growth.human It is known
that coal, reserves cannot meet the world's energy needsand oilgas
indefinitely. The development and use of renewable sources of energy is
therefore being encouraged through research and development.

In thisOne important renewable sources of energy is biomass.of the
di scussion used to refer to the vegetativewi 11 beword biomassthe

The most common and abundant form of thisproduced by plants.materi al
The reserve ofproduced by forest trees and woody shrubs.biomass i s

twenty times the world currentthanheld by forests is moreenergy
consumption of energy from all other sources (Earl, 1975). It isannual

that one seventh of the world's fuel supplies are in thewel1-knownnow
Nearly 86% of the wood harvested inform 1980).(Hyman,of biomass

About 50% of thisis used as fuel (Mnzava, 1981).developing countries
for cooking, 30% for domestic heating and 20% forfuelwood consumedi s

including processing of agricultural productshouseholdother purposes
(Patil, 1980). In recent years, forestindustriesand smal 1 scale

been recognized widely as an important source ofbiomass thereforehas
production (Szego and Kemp, 1973, Grantham and Ellis,for fuelenergy

1974; Garbutt and Van Breda, 1979).

70% of the total energyregional fuel wood forOn basis, accountsa
34% in Latin America and 30% in Asia (Mnzava,consumption Africa,in

1981). A accumulatedreview of literature the last decadeover
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indicates that the per
countries from 0.01 per annum (Cabrido, 1984). Inranges
1970, it estimated that energy only absorbed about 2.5% of privatewas
consumption expenditure (PCE) of developing countries. By the late
1970's, however, share had risen to 19%, with fuelwood accountingthis
for 4% andbetween 5% of PCE. In Africa, the share of expenditure on
fuel wood 10% of PCE, and for the least developedalone accounted for

this share was 20% (FAO, 1984).countries of Africa, So with the ever
decreasing forest share of expenditure on fuelwood intheresources,
certain to increase over time in developing countries.

2.3 Rural dependence on fuelwood

is the dominant fuel for rural communities in developing countries,Wood
About 2,000 million people use woodand for of urban poor.themany

cooking and for maintaining warmth in the home (Arnold, 1983;daily for

preferred because it can be acquired at littleFAO, 1984). Wood is
cost, often no more than the cost involved in gathering it.

communities in developing countries there isruralFor the people in
other locally available organicoften alternative orno

available require cash outlays onCommercialmaterials.
One consequence of growing rural populations is anrelated equipment.

growth in the pressures on locally available forest resources1nexorable
of woody material. The source of woodfuel extendsand other sources

progressively from collecting deadwood the lopping of trees, theto
felling of trees, the total destruction of tree cover, and eventually to
the uprooting of stumps and removal of shrubs.

capita consumption of fuelwood in developing
3to 2.50 m

to woodfuel
fuels when
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The steady disappearance of wood in in the vicinity of the community

increased soci al hardship. Progressively more of the time ofmeans
household members devoted to gathering fuel.bemust It is estimated
that household 360 mandays annually to gather fuel wood in thea uses

Gambia and 250- As the

situation deteriorates and householdthe forcedis to purchase its
woodfuel, Today, 15%heavy burden is placed on the household budget.a
of family income is spent on fuelwood in the Republic of Korea, 25% in
the Saheli an zone of Africa (FAO, 1978) and 10 - 40% in the Philippines
(Pati1, Eventually, shortages of woodfuel affect the nutritional1980).
well-being In parts of West Africa, eating time has beenof the people.

In the uplands of Nepal, emphasis inreduced one cooked meal a day.to
In Haiti, aagriculture is placed on vegetables which can be eaten raw.

to the introduction of new food crops (with betterprincipal hinderance
hills is that they require morewoodnutritive value) into the poor

cooking (FAO, 1978).

The importance of forest biomass studies2.4

forestry and particularly forest utilization becomes more intensive,As

understanding of the relationshipsthere to improveis need oura
and multiple uses offorest environments,between forest organisms,

These relationships influence theforest areas (Ovington et al., 1967).
functionalmagnitude and the ecosystem

of organic matter, energy, chemicals andflowsnamely theprocesses,

of these necessarilyComprehensive studies involve biomasswater.
determination.

pattern of the four major

300 mandays in Central Tanzania (FAO, 1978).
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Biomass studies important because they assist in assessing theare
biological commercial productivity of forests (Kushalappa, 1984).and

It al so provides information needed for a thorough understanding of the

and dynamic functioning of forest ecosystems (Ovington,structure
1962). Biomass is indicative of where the energy is accumulating in the

(Rencz andand location of importantthe nutrientsystem reserves

distribution provides means forAuclair, 1978). of itsEstimation

evaluating and comparing fuels (Barney et al., 1978).

also provide key data for the evaluation of the effectsBiomass studies
productivity (Aber et al., 1979).standof forest futureharvest on

the assessment of weightfaci1itatesal soinformationForest biomass
Periodic forestexpected from forest harvest.yields bethat may

a prerequisite for the understanding ofthereforebiomass studies are
comparing it with forestsforpossession,wealththe forest in our

for decision-making in the planning process (Karunakaran,el sewhere and

1984).

Methods of determining forest biomass2.5

large, weight determinations of entire trees areBecause trees soare
all trees in a forest stand iscombined weight oflaborious and the

from the weights of sample trees. Although thenormally determined
sample trees are frequently estimated by sub-sampling, veryweights of

on the accuracy and precision of existing methods islittle information
Woodwel1, 1971). Overton et al. (1973) haveandaval 1 able (Whittaker

physical problems of estimating weights of very largedi scussed the
trees.
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Three principal methods beenhave used stand weightsto estimate
(Madgwick, 1976), namely: the unit area method, the average tree method
and the regression analysis technique. In the unit area method, all

in sampletrees or a series of sample areas is collected anda area,
weighed. The tree biomass for the plot is determined by converting the

sample area data to a plot area basis. The biomass Y is derived as:

wi (1)Y =

is the weight of each harvested tree and n the number of treeswhere wi
Ovington et al. (1967) considers that errors may bein the sample area.

associated withto practical difficultiesintroduced accuratedue

However, the errors can be reducedof material in the field.collection
and area of the sample units. The method isnumberby increasing the

both less accurate and inefficient whenconsuming and1aborious, time
compared with other methods.

the average tree method, a tree or a number of trees considered to beIn
for weighing from a knowledge of theselectedof biomass areaverage

dimensions of the trees in the plot (Ovington, 1957; Crow, 1971).linear
by subjective sampling of trees of knownselectedThe betrees may

by objective sampling from the whole population e.g. bydimensions or
biomass for the plot is determined bysystematic sampling. The tree

weight of the sample tree (or average of samplemultiplication of the
number of trees in the plot. The biomass Y of the standby thetrees)

is estimated as:
(2)Y n w
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where is the number of trees per unit area and w is the weight of then

si zed As Crow (1971) points out, the difficulty with thetree.average
the lack of a convenient measure indicatingtree" techniques ismean

the degree with a tree of mean dimension approximates a tree ofwhich

biomass. In addition, a single tree or limited number of "meanmean
do reveal differences biomass distribution among treenot in

components for trees of different sizes.

The third method the regression analysis technique.is A number of

selectedtrees either randomly systematically are weighed and theor
mathematical relationship between
tree andcomponents one
volume calculated.and di ameter, DBH) Diameter at breast height is

commonly used because it gives relatively satisfactory relationships

The models so developed are used to estimate(Ovington et al ., 1967).

the weights of individual trees and thus plot biomass.

Stand weight = Sum of weights from a regression (3)

commonly used equations for relating tree size and weightThe two most
are:-

(4)Log Y = a + b Log D

tree biomass, D is either DBH or DBH2 x Height, and a and bwhere Y is
are regression constants and:

trees"

the weights of the whole trees, or
or more tree dimensions (tree height, crown
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Y a + b D (5)

where Y is tree biomass, D is either basal area or DBH2 x Height, and a
and b regression constants. Equation 4 yields biased estimatesare
(Meyer, 1938), point which has been recently re-emphasized (Satchel 1a

al_.,et 1971; and 1973).

used.equation 4 1 s

using either the simple equations of Meyer (1938; 1941) or the more
complex forms suggested by Finney relative merits of(1941). The

examined by Schreuder and Swank (1973).equations 4 and 5 have been
a weighed regression of equation 5 is preferable toThey conclude that

logarithmic regresion (equation 4) for estimating leaf, branch, andthe
the weighed regression requires at least fivebiomass. However,stem

equally spaced diameter classes forofsample trees threein each
the weighing coefficient. This number ofofsatisfactory estimate

sample plots or large areas ofsample trees whenis manynecessary
forest are under consideration (Ribe, 1973).

known tree total ovendry weightcompared theal. (1967)Ovi ngton et
the measured weights of all trees that wouldofobtai ned summationby

sampling methodsthree used.obtai ned had the beenbeenhave
trees as a whole and for the componentmade for theCompari sons were

and roots greater than 5 mm inboles(leaves, branches,parts cones,
method gave significantThey found that the unitdiameter). area

bole and Resultsoverestimates for branches. for the average tree
method expressed ofin the known stand weights,percentage errors
decreased with increasing numbers of weighed trees.

Baskervilie, 
less

1972;Beauchamp and Olson, 1973). When 
biased estimates of weight may be obtained
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In the regression analysis technique, whilst major tree components were
related linearly DBH, no significant relationship existed for minorto

Consequently, relatively largedead branches).components and(cones

estimates of these components, although thisobtained forerrors were
had little total samplingeffect biomass estimates. When ison
resticted to trees from a very small group of the population, regression
analysis methods particularly appropriate and may give largenotare

and regression analysis methods were thereforeAverage treeerrors.
area method particularly whenconsi dered unitsatisfactory thanmore

made on major tree components. This is because DBH andestimations are
weight were related linearly. The best of the average tree and oftree

analysis methods gave comparable accuracies for the samethe regression
intensity of sampling.

and Schreuder (1973) compared the three methods of estimating treeSwank
the average tree method involves thethatbiomass. They point out

They also found that the average tree method gavefewest assumptions.
estimates of stand weights of foliage, branches, stemslowestboth the

confidence intervals. The other two methods yieldedand the narrowest
estimates of foliage, stems and branches which were upto 9, 17 andstand

27% higher respectively.

of stand weight based on regression analysis and the unit areaEstimates
method have been compared by Satoo al. (1974).et No consistent
differences between the methods were found, the unit area method giving

valuesstand of stem, branch and foliage biomass in the range of 93 and
114% of those from regression analysis. Madgwick and Satoo (1976) have
compared stand using logarithmic estimationestimates equations,

corrected for bias, with measured stand weights of folliage, stems and
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branches nine stands.for On average, standweight was overestimated by

about 3%. Ribe (1973) also found that the logarithmic regression yields
overestimates.

These results highlight the difficulties inherent in comparing methods.
Only when total weight are available can reliablemeasured values of
estimates associated with sampling method be givenof the bias any
(Madgwick, literature reviewed, weBased extensive1976). theon

the logarithmic estimation equations are more appropriateconsider that
for and have therefore been used in thisal bi dastand of Acaciaour

study.

Biomass production in forest stands2.6

individual stands have beenofNumerous of biomasstheestimates
Such studies frequently(Table 1).published in past few yearsthe

information on the productive structure of the stand. Synthesisinclude
type of data have been made on a geographical basis (Basilevichof this
1971; Jordan, 1971; Rodin et al_., 1975), and by forest types onaE,et

a local or international basis (Duvigneaud, 1971; Satoo, 1973;

Baker et al., 1984; Karunakaran, 1984).

to affect biomass production.found TheseSeveral factors beenhave
elevation, moisture, thinning,stand genetic variation,include age,

tree population, and management practices.

stands reach maximum values in a relatively fewLeaf amounts on young
given adequate stocking. In Prunus pensylvania regeneration, theyears,

occured andmaximum at 6 Bormann,(Marks 1972; Marks, 1974).age
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Forrest and Ovington (1970) radlatain Pinus
plantations at age 7; but Swank and Schreuder (1973) Indicate age 12 for
Pinus strobus. Current annual biomass increment tends to reach a
maximum age similar to that associated with maximum foliage massat an
(Ewel, 1971; and Pollard, 1972; Forrest, 1973;Marks 1972;Bormann,
Marks, 1974). The early attainment of maximum current annual increment
implies early attainmentan
Smith (1973)
while rotations of 3 to 5 years have been sugestedin coppiced stands
for Early1971;maximum production (Berry,
culmination of MAI is supported by Carter and White (1971) and Singh and

Sharma (1976).

Populus clones indicated that, within 2 years ofStudies twoon young
one clone had out-produced the other by a factor of two (Cristplanting,

In addition, differences occur within species in theand Dawson, 1975).
the woody components ofdistribution andstembetweenof biomass

twenty half-sib families of Pinus virginiana stembranches. inThus,
and branchwood and bark45% of thewood stemaccounted for 32 to

of growth (Mathews et al, 1975).production firstin the
accumulation also varies with varieties and ecotypes. BrewbakerBiomass

variety of Leucaena leucocephala(1975) Hawai i anobserved thethat
the biomass produced by the Salvador type.produced halfless than

growth distribution do not necessarily implyWhile variation in
differences
high heritability has important implications for tree improvement.

Leaf and dry matter production per unit leaf masstotal biomassmass,

decreased with elevation both in Fagus crenata (Maruyama, 1971) and in
mi xed - maple stands (Whittaker et al., 1974).beech Thesebi rch

in total dry matter production (Bickelhaupt et al., 1973), a

8 years

Kormanik et al., 1973).

reports maximum MAI in Alnus stands at age 8-12 years,

found the maximum

of maximum mean annual increment (MAI).
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Table 1:

ReferencePlantation species Age Location

Gmelina aroorca 6

Gmelina arborea 6

Nwoboshl (1985)Gmelina arborea 272.01052Nigeria (Gambari)10
Nwoboshl (1985)Gntelina arborea 203.01240Nigeria (Gambari)7
Nwoboshl (1985)126.0Gmelina arborea 1060Nigeria (Gambari)5

Leucaena leucocephala Tanzania4

Leucaena leucocephala Tanzania5
Maghembe et TT.
Chijioke (1980)66.0981Brazil (Sao Miguel)Pinus caribaea 6

144.0 Egunjobi & Bada (1979)2866Pinus caribaea Nigeria (Ibadan)10

257.0 Lundgren (1978)1680Pinus patula Tanzania7
51.21 Singh (1982)Pinus patula 10 India

162.0 Stewart et al. (1981)Pinus radiata Australia15
199.0 Forrest & Ovington (1970)Pinus radiata 1560Australia12
138.0 Will (1966)Pinus radiata 12 New Zealand

Will (1966)264.0Pinus radiata New Zealanda18

Total biomass distribution In selected young tree plantations 
(3-18 years) from different countries

7
3
3

Kentucky
Kenya
Nigeria (Gambari)
Nigeria (Gambari)
Nigeria (Gambari)

Brazil
a) Pacanari
b) Sao Miguel

1200
1186
970

1111
625
400

mi
625
400

Stand density 
(trees/ha)

992
1023
1133

1680
1600

667
754

639
633

27.0
216.0
303.0
115.0
56.0

63.4
136.7

Total above- 
ground biomass 
(tons/ha)

122.0
55.9

224.031.4

29.9
23.8
21.8

41.6
27.3
22.0

Maghembe et al. 
Maghembe ef aT.

Chijioke (1980)
Chijioke (1980)

Chijioke (1980)
Chijioke (1980)

George (1984)
George (1984)
George (1984)

(1986)
(1986)
(1986)

5
610
7 
5

Tanzania 
Tanzania 
India
a) Tarai Bhabar
b) Pilibhit
c) East Dehradun

Lundgren (1978) 
Ahimana (1982)

11.5
• 13.7
12.0

Cupressus lusitanica 
Eucalyptus' tereticornis 
Eucalyptus hybrid

Lulandala (1985)
Lulandala (1985)
Lulandala (1985)

Nigeria
a) Ublaja area
b) Omo Ajebandele

Platanus occidentalis 
Prosopis juliflora 
Tectona grandis 
Tectona grandis 
Tectona grandis

Wittwer & Immel (1980) 
Maghembe et al. (1983) 
Nwoboshl (T9BU) 
Nwoboshl (1980) 
Nwoboshl (1980)
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effects of elevation are similar to those reported foron

temperature by Bray and Gorham (1964), and also reflect the changing

productivities across temperature gradients as measured in terms of

radi ation (Rodin ai_, 1975). Further studies of elevation effectset

have reportedbeen (Kimmins and Krumlik, 1973; Krumlik and Kimmins,

1973; Whittaker and Niering, 1975) but these are confounded with changes

in species composition.

Rodin al. reviewing world(1975) literature, have documented theet
general increase in productivity with increased moisture supply. Such

analysis, confounds species composition and moi sturehowever,an
supply. Ralwani et al. (1983) reported a doubling of biomass production
by Leucaena leucocephala 2-year period as a result of increasedover

Moisture supply obviously affects growth, andwatering frequency.

increased biomass of Pinus elliottii (Mckee and Shoulders,drainage has

1974).

Heavy or repeated thinnings reduce stand foliage weight below values for

01 son, 1974; Siemon et al, 1976).(Madgwick andstands Inunthinned
affect needle longevitythinnings did butradi ata, thePi nus not

unit foliage weight was higher in thinnedstemwoodproduction of per

than unthinned stands (Siemon et al, 1976).

is also reported to be dependent on tree density.acccumulationBiomass

accumulation is negatively related toplant biomassGenerally, per

Per-hectaredensity (Savory, 1979). biomass,population however,
density (Ralwaniwith population et al.,Increases 1983;tree

VIsuttI pltakul et al, 1983; Lulandala, 1985; Maghembe et al., 1986).

Besides cl 1mat1c environmental factors, plant biomass accumulationand

related1s to management practices.’ When managed as a forage crop

harvested frequently, produced more dry-matter annuallyLeucaena

leaf mass
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(Krishnamurthy and Gowda, 1982). When established in stands in which
accumulate overtime, however, lower annualal lowedthe biomass is to

rates will be expected because of competition (Van den Beldt, 1982).

These results the variability in stand biomass production that isshow
usually encountered considering specific geographicalwhen aeven

region. ofThese results further the biomass an

and place. It is,individual species tends timechange withto
direct comparisons between data reportedtherefore, difficult maketo

due to differences in stand age, stocking density,for studiesvarious
determination methods employedapplied andsite, biomasstreatments

Several studies haveMaghembe et al., 1986).(Alpizar et al, 1986;
accumulationground biomassshown that above

decreases in the order of stem > branches > foliage.

renewed emphasis on wood for energy and increased use of most of theThe
of fast growinghastree components

Biomass studies on multipurpose trees aremultipurpose tree species.

determine where most of the energy (biomass) isorderin tonecessary
and the location of important nutrient reserves. Presentlyaccumulating

lacking for most of these tree species. Leucaenasuch information is

probably the most studied in this respect (Brewbaker,leucocephala is
1981; Felker et ah 1982; Ralwani et al, 1983; Gowda1975; Lu and Hu,

Visuttipitakul et al, 1983; Lulandala, 1985;and 1983;Kri shnamurthy,
Other species that have been studied includeMaghembe et al, 1986).

andProsopis (Whi senantspp
Maghembe et al, 1983; Chaturvedi, 1985), Parkinson!a aculeata

production figures for selected young plantations (3-18 years) 
tree species from various locations are shown in Table 1.

Biomass 
for different

Burzlaff, 1978; Felker et al, 1981; 1982;

led to the intensive culture

indicate that

for most tree species
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(Felker and Sesbaniaal_, sesban (Gutteridge and Akkasaeng,1982)et
1985).

Only two studies hav been carried out on Acacia albida; one onbiomass
seedlings (Kiriinya, and on a single A. albida tree1983) the other

results from this single tree were extrapolated to1969).(Jung, The
Stocking density wasstanding biomass of 140 tons ha .totalobtai n a

. Roots were reported to constitute 41% ofassumed 43 trees habeto
above ground parts the other 59%. The dataandthe thebiomasstree

study will, therefore, provide useful information onpresented thisin
this widely used tree species.

Studies on nutrient distribution and accumulation in tree species2.7

These include:-There are several reasons for studying plant nutrients.
- identification of deficiencies in plants;
- determining plant response to fertilizers;
- studying nutrient cycling in forest ecosystems;
- assessing the potetial of site productivity especially when using

indicator plants;
- and assessment of nutrient levels in biomass production systems.

nutrients to plants is generally reflected inlevel of supply ofThe
If that concentration fallsplant tissues.concentrationstheir in

critical level, the yield willbelow level,certain the bea
restricted. other words, the plant is deficient in that particularIn

(Hagin, and Bevege (1972) have defined theelement 1982). Richards

critical level as the concentration which is associated with 90% of the
maximum yield. Plant tissue analysis is a useful method for assessing
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deficiencesnutrient and hence determining the fertilizer requirements
of the plant in question. It is also used to determine plant response

fertilizers (Thornley, 1978).to In addition, it is used to ascertain
excess of micronutrients which may be toxic (Jones, 1970).

By plant analysis, the growing plant itself is the indicator of the
nutritional of There are a few instances of speciesthe site.status
associated or nutrient - deficient site (Zottl,with nutrient rich
1973). analysis of indicator vegetation may, therefore, be aThe

suitability of areas for reforestation where treesensitive index to
species are absent.

long been recognized that nutrients are not only withdrawn fromIt has
soil by trees, but that significant quantities are returned annuallythe

It is, therefore, important to knowforest floor in litterfall.theto
are cycled rapidly and reused many times, orapplied nutrientswhether

leached or become immobilized in physiologically lesswhether they are

components of the system (Rodin and Basilevich, 1967). Nutrientactive
an influence on the long-term effectiveness ofcycling undoubtedly has

any ferti1i zer (Stewart et al, 1981).

levelsunderstanding the nutrient in biomassofThe importance

highly relevant with advent oftheproduction systems has become
of fast growing multi-purpose tree species. There iscultureintensive

removal of biomass in these systems. Such impactusually continuousa
harvesting needs extensive understanding ofof intensive nutrient

components of Studies on nutrientdi stribution in different trees.

content and distribution in tree.soecies can aid in evaluatina the
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potent!al drains resulting from short and increased treerotations

Li ke studies, numerous studies on nutrient content and nutrientbiomass
dynamics of forest have been made many parts of theinecosystems

world. Studies carried plantation tree specieshave been out on
(Attiwill, 1979; Feller, 1980; Kingston et al,1981; Cromer and Williams,
1982;

1986) and on tropical forests (Greenland and Kowal,and Adams,Lockaby
1971; Golley et al, 1975; Zamierowski, 1975; Klinge, 1976;1960; Stark,

Grubb, 1977; Tanner, 1977; Lundgren, 1978).

studies have been carried out on multipurpose treeRelatively few such
are widely available for Leucaena leucocephala (Hu andspecies. Data

1982; Lulandala, 1985; Maghembe et al.,Beldt,Shen, den1983; Van
studied include Prosopis juliflorahave been1986). Others that

Gmelina (Chijioke, 1980; Nwoboshi,arborea(Maghembe et al, 1983),
Erythrina poepigiana (Alpizar et al., 1986), Cordia alliodora1985),

nilotica (Grewal and Abrol, 1986) andAcacia1986),
Acacia albida (Giffard, 1964, Radwanski and Wickens, 1969).

for tree components for tropicalTable nutrientshows the content2
for multipurpose trees.forests, Table that3 shows Thesewhereas

soils, climates and species whichstudies wide ofrepresent rangea
explains in large variations in the results.thepart
generazations made regarding the distribution of nutrients andbecan
accumulation in the Nutrients of a large number oftree components.
tree

utilization (Kimmins, 1977; Leaf, 1979; Van Hook et al., 1982;
Pehl et al., 1984).

However, some

Pehl et al, 1984; Van Lear et al., 1984; Zohar and Karschon, 1984;

(Alpizar et al.,

species have been found to be highest during periods when they are
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fully leafy. The highest chemical element concentrations are found in

the leaves and the lowest in the branches and stem, while levels in the

intermediate.roots In some cases, the amounts in the branches canare
be higher than that in the roots.

The levels different tree components have to be monitorednutrient in
carefully because the nutrient requirements are unique for different

andspecies and component developementvaries with (Young andage
Several workers also point out the need to carry outCarpenter, 1967).

investigations with regard to the levels of nutrients not only in
different also in different seasons. This would enablebutcomponents

carried out at the time when the nutrients lockecd upharvesting beto
the harvestable components are at the lowest level. Additionally, iti n

of depletion of differentof levelswould indication thegive an
These will then be used to set guidelines for replacement ofelements.

depleted nutrients through appropriate practices for sustained yield.
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Table 2: Nutrient concentration (%) in different tropical forests

Forest type ReferenceNutrient content (%)Location Tree

Ca MgN P K
Semi decidous Greenland & Kowal (1960)Ghana 1.88 0.13 0.76 .90 0.26Leaves
forest (sev<;^al 0.090.41 0.24 0.480.03Branches + stem
spec’;.*) 0.59 0.180.86 0.05 0.35Roots

Golley et al (1975)0.310.16 1.35 1.66Four d?ffe> 2.00Panama Leaves
0.96 0.11forest type;. 0.12 0.900.50Branches + stem
1.36 0.26(several species) 0.11 0.660.80Roots

Ovington & Olson (1970)1.04 1.00 0.371.62 0.08Lower Montane Pueto Rico Leaves
0.55 0.120.450.320.48forest (435 Branches + stem

0.130.33 0.430.49 0.24Rootsspecies)

0.75 0.30 Stark (1971)2.29 0.18 0.26Lowland rainfall Brazil Leaves
0.18 0.130.42 0.02 0.04forest (several Branches + stem

0.10 0.101.61 0.22 0.15Rootsspecies)

1.84 0.07 0.33 0.21 0.16 KI Inge (1976)Lowland rainfall LeavesAmazonas
forest (40 Branches + stem

1.02 0.02 0.08 0.14 0.08Rootsspecies)

0.10 0.970.97 0.97 0.29 Lundgren (1978)Highland Tanzania Leaves
0.40 0.12 0.37Branches + stem 0.43 0.08forest
0.85 0.04 0.17Roots 0.59 0.12(several species
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Tabla 3: Nutrient concentration (%) 1n the various tree components for selected multipurpose trees

Species Tree component ReferenceNutrient concentration?,)
P K Can Mg Na

Acacia albida 1.4 Giffard (1964)Leaves 2.7 0.14
Acacia albida Leaves 0.10 1.8 Radwanski and Mickens, (1969)
Acacia nllotica Grewal and Abrol (1986)Leaves 10.3 12.1 0.8

Stem 5.9 5.1 0.9
Roots 5.6 5.5 2.2

Cordla alliodora Leaves Alplzar (1986)2.79 0.24 2.28 1.72 0.82
Branches 0.91 0.19 1.18 0.46 0.26
Stem 0.40 0.05 0.54 0.170.46
Roots 0.92 0.10 0.51 1.06 0.33

Erythrina poepigiana 3.10 1.30 0.49 Alplzar (1986)Leaves 0.24 1.63
1.19Branches 0.14 1.33 1.24 0.42

Stem 0.54 0.06 0.76 0.72 0.24
Roots 1.23 0.13 1.080.99 0.26

Gmelina arborea Leaves 2.07 1.16 0.570.23 0.43 Chijioke (1980)
Branchwood 0.27 0.43 0.21 0.150.04
3c.rk 0.55 0.06 0.59 0.69 0.22

0.16Stemwood 0.02 0.37 0.17 0.03
Gmelina arborea 0.18 1.42Leaves 0.58 1.09 0.43 llwoboshi (1985)

Branches 0.29 0.11 1.08 0.47 0.16

Stembark 0.37 0.09 1.21 1.49 0.14

Sternwood 0.28 0.14 0.59 0.97 0.27

Leucaena leucocephala 2.31 0.13 1.96 1.14 0.40Leaves 0.08 Naghembe et al (1986)
0.16 1.300.95 0.35 0.14 0.10Branches

Stem 0.42 0.07 0.84 0.36 0.08 0.06
1.25Leucaena leucocephala 0.13 1.322.60 0.41Leaves Lulandala (1985)

0.53Brushwood 0.55 0.14 0.46 0.19

0.37Branchwood 0.48 0.06 0.35 0.15

0.31Sternwood 0.42 0.06 0.36 0.16

Parklnsonla aculeata 14.9 10.8Leaves 3.0 Grewal & Abrol (1986)
Stem 6.5 2.9 1.0

8.4Root 3.6 2.5
Prosopis juliflora 0.19 2.42 1.32Leaves 2.76 0.34 Maghembe et al (1983)

Brushwood 0.10 1.11 0.601.60 0.60
Brarchwood 0.67 0.05 0.65 0.81 0.03
Stemwood 0.22 0.550.40 0.03 0.02
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for Acacia al bl da are scarce.Nutrient data Only the nutrientcontent

for reported (Giffard, 1964; Radwanski and Wickens,leavescontent Is
1969). See Table The data3. In t his study may be the most
comprehensive yet presented for the species.

2.8 Effect of trees on soil properties
Soil physical properties2.8.1

Page (1968) suggested that the significant changes In physicalmost
of soil, as a result of forest planting, occur at or near theparameters

supply of organic matter from leafsurface and related thetoare
1itter. on the effect of a forest cover on theHowever, observations
soil are often conflicting (Chijioke, 1980).

and Page (1968) agreed on improved aeration and porosityRennie (1962)
soils as a result of afforestation.of forestin horizonsthe upper

reported increased bulk density and decreased organicHamilton (1965)
soils converted from Eucalyptus forest in S.radiatain Pinusmatter

(1968) reportedAustralia. Chai 1inor change in the soil physicala
of compacted pasturecharacter!sties forest soi 1to afterporous

Lundgren (1978) studying Pinus patula andplanting the site with trees.
lustanica plantations latosolic soils in the UsambaraCupressus on

indicated a trend towards an initial improvementofmountains Tanzania
soil structure (increased organic matter and porosity, decreased bulkin

over the first 4-8 years, followed by a period of deteriorationdensity)
during the subsequent 10-20 years. Finally, as the stands grow older,
soi 1 structure again improved. No such trend discernable inwas
plantations of the species andosolic soils on Mount Meru.same on
Removal of vegetative from soilthe generally results incover an
increase in bulk density, decrease in porosity and a reduction in 34
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infiltration and(Weertrate Lenselink, 1972; Wood, 1977). However,
most structural deformations in forest soils are a direct result of

compaction by heavy machinery in forest operations (Hatchell et al,

1970).

In undi sturbed saturatedforest ecosystems, under
conditions through macropores that dominate thetakes place soi 1 sin

and, therefore, surface runoff is generally(Humbel, 1975)pore space
low. of the surface horizonas alsoThe likehoneycomb structure

favours high infiltratoin rates in such soils (Lal, 1975;

Wilkinson and Ania (1976) reported high ratesWolf and Drosdoff, 1976).
entry into the soil (sandy soil, 10% clay)of infiltration and water

forest fallow in Nigeria, and the reduction of the ratesunder tropical
Similar results onafter of maize cropping.subsequent yearstwo

rates under various ecological and vegetation conditions ininfiltration
India are reported (Tejwani, 1979).

2.8.2 Soil fertility

large quantities of living biomass andForest containecosystems
large inventory of chemical elements. About 20 to 40% oftherefore, a

the total living biomass

1971; Westman and Rogers, 1977; Armson,Woodwel1,1968; andWhittaker

a constant addition of organic matter to the soil1977), and isthere
through dead and decaying roots (Nye, 1961).

input of organic matter and so of nutrients to the soil fromThe major
the (standing on it) is through litterfall (Brinson et al, 1980).trees
The bulk of the organic matter and nutrients added to the soil 1n this

water movement

of trees is in roots (Rodin and Basilevich,
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fashion in the topsoil.found Potassium, calcium and magnesium onare
concentratedthe other hand, in the biomass, except in high baseare

soils (Foelster 1976;status Chijioke, 1980). That is why
forest clearing leads to a considerable loss of nutrients. Those in the
biomass exported from the system, and those in the soil being lostare
by leaching and runoff.

have presented data to show that trees can deplete sitesfewA reports
of soil nutrients.

plantation forestry occur at or near the surface and are related towith
Changes in available1968).the supply of organic (Page,matter

brought about directly by their removal as harvestednutrients becan
timber and indirectly through changes in pH and nutrient immobilization.

evergreen forests in Trinidad replanted to Pinus caribaea,For tropical
for four years afterlostthat nitrogenfoundCornforth (1970) was

but increased to its original level afterburning the original forest
But phosphorus decreased for 7 years and never regained itsten years.

Increased levels of potassium, calcium, and magnesiumoriginal value.
reserves after burning were lost after 4 years.

et al.,

The most significant chemical changes associated
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As 747o of the original soil reserves were lost in 6 years.much as
Lundgren (1978) found that, on the latosolic soils of the West Usambara

in Tanzania, soil P and K both in available and reserve formsmountains
showed clearly declining values with increasing age of Pinus patula and

Cupressus lusitanica plantations. Trends in Ca and Mg were less clear
and the pH was generally higher under Pine than under Cypress.

by Chijioke (1980) reported aIn Swazi 1 and, cited(1978a)Evans as

comprehensive analysis of soil samples taken 9 years apart from the
patula stands and found slightundisturbedsoil Pinuspits insame

of most nutrients tested and considerablelossincreases in acidity,

The rise in pH and drop in N, Ca, and Mg wereaccumulation litter.of
significant changes in P or K.all significant but no

observed that there was a decline ofHolt and Spain (1986)Meanwhile,

soilassociated nutrients in the after theandinorganic matter

plantation of Araucarianatural forest withreplacement of aa
cunninghami i.

literature justify theevidence in the toThere sufficientis
that trees and especially tree legumes improve the fertilityconclusion

soil through additions of nitrogen added through biological nitrogenof
Estimates of such amounts of nitrogen fixed byfixation 1984).(Nair,

N content of sustained yield harvests orderived from thetrees are

in the N contents of soils that are adjacent to areasfrom differences
A few studies exist on nitrogen fixation bytree legumes.under such

there were
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under field conditions.

for nitrogen fixed by tree legumes is reported for Leucaena)

leucocephala grown in Australia (Hutton and Bonner, 1960). Hogberg and
Kvarnstrom
4-year old stand
be 110 30 Kt

leucocephala on the same site to be 197 Kg ha .L. Other reports show
by IL. leucocephala can range from 70 to 500 Kg

Other species reported to
had nitrogen (Orchard and Darb,200 Kg hafixation
1956), and Prosopis tarmarugo estimated to fix 198 Kg ha-lyr-1

Data presented by Felker (1978) on nitrogen(Pak al_., 1977).et
millet andwithfixation al bi da growi ngby Acacia

groundnuts in West Africa was 21 Kg ha'

indicate higher nutrient content in soilsevidenceThere i s also to
Kellman (1979) reported that treesand shrubs.under scattered trees

preferential enrichment of the soil below them in terms of Ca, Mg,show
highly weathered and infertile utisols of theK, and inNa, P K

Ridge Savanna of Belize. In some cases, the levels ofMountai n Pine

exceeded foundnutrients approached those the nearbyinthese or
results of increasing nutrient content of soilrai nforest. Similar

Prosopis growing in arid environments in India haveunder species of
been reported (Singh and Lal, 1969).

of J_. leucocephala at Mafiga, Morogoro (Tanzania) to 

ha~l . Meanwhile Lulandala (1985) reported the amount

in
-1

tree legumes
-1 yr

nitrogen fixation
-1

under different conditions (Vergara, 1982).

(1982) calculated the amount of nitrogen fixed annually by a

fix nitrogen include Acacia mearnsii which
-1 -1 i yr

-1The largest value (575 kg ha

association 
yr-1 .

that
-1 ha yr

of nitrogen fixed annually by 1 - year old and 2-year old stands of
-1

rate of
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Africa,West increase in nutrient content of soils under scatteredIn

al bidaAcacia have been reported.trees For total organic carbon and
total nitrogen, the following workers reported the following increases:

N-231%, C-269%,(1960),Dugai n Dancette and Poulain (1969), N-33%,
C-407o; Radwanski and Wickens (1969), N-600%, C-2007o; Charreau and Vidal

N-194%, C-1927o and Jung (1966), N-110%, C-91%.(1965), These workers
reported increased soil water holding capacity and cation exchangeal so

soils under albida,capacities in could be expected as aA. which
higher soil organic matter content.ofdirect A soilconsequence a

with a
(which arise from decaying leaf litter) are held inlike

soi 1 where they can be absorbed by theconcentration by thegreater
A soil with higher water holding capacity will(Felker,pl ant 1978).
rain available to the plant. This increase inafterhave watermore

advantage inwater holding capacity isandnutrient content an
and waternutrients becomethesebecauseagroforestry systems,

from this study do provideresultsThefoodavailable to crops.

additional information on the soil improving aspect of A. albida.

The influence of multipurpose leguminuous tree species on2.9
food crop yields

There is
in the arid zones of India (Mann and Saxena,cinerariaunder Prosopis

cineraria supports good growth of understorey pearl1980). Prosopis
and a large number of forage species, whereas grass growth undermi 11et

1980). This(Ahuja, 1980; Saxena,julifloraProsopi s poorwas

the high amount of leafcrop yields isinfluence on
adds to the soil. It is also due to the increasecineraria1itter P.

higher 
Ca++

a long tradition of growing pearl millet (Pennisetum glaucum)

cation exchange capacity is important because cations
, ++ and Mg

attributed to
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in sol 1 organic matter and nitrogen content; an increased availability
of micro nutrients Mn and Cu), and higher moisture availability(Zn,
into the surface soi 1 layer in comparison with soil under Prosopis
julif1 ora or open fields (Aggarwal, 1980; Lahiri, 1980).

On the lower slopes and highlands of the Jebel Marra massif in the
Sudan, such as bulrush millet (Pennisetum glaucum),subsi stence crops
groundnuts maize CZea mays) are planted under(Arachi s andhypogaea)

albida,stands Cordiaof multipurpose dominated by Acaci atrees
abyssinica and Ziziphus spina - christi (Miehe, 1986). The yields of

food said to be sustained due to the presence of thethese crops are
While Hararghe highlands of Eastern Ethiopia,in thetrees. a

statistically significant and sorghum yields wasincrease in mai ze
crops grown under A. albida canopies compared to those grownfound for

1986).(Poschen, This increase was higher forfrom the treesaway
Maize yields under the trees was 3.40 tonsfor sorghum.mai ze than

ha-1 ha—11.92against Thetons
ha-12.13 and 1.57figures for sorghum tons tonswere

representing a 36% increase. This increase is said to berespectively,
improvement in unit grain and an increase in the numbercaused by the
plant, under the trees. This is an indication that theof grains per
the fertility of the soi1.enhanced This improvementstatustrees
compared to the published data from Senegal, where themoderateseems

in yields under A. albida trees were 250% for milletreported increase
(Charreau and Vidal, 1965) and 100% for sorghum (Poschen, 1983).

Sahelian zone of West Africa, trees form an essential componenttheIn
farmland:of the albida,Acacia Adonsonia digitata, Borassus

aethiopium, Parkia biglobosa, Parinari macrophylla, Combretum

in the open, an increase of 76%.
ha-1
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micranthum, Balanites aegyptiaca, Acacia tortills and others are very
commonly found the farmlands (Seif-el-Din, 1981). One of the moston
comprehensive accounts of the farming practices involving such trees in

Sahelian regionthe been presented by Felker (1978) for Acaciahas
albida. After an evaluation of available literature, he concluded that

sandy soilsthe infertile ofin the
yields of to 900 +

directly under Acacia albida trees. In addition to a 50 to
100% soil organic and nitrogen content, a marked increaseincrease in

activity and waterholding capacity was alsosoi 1 microbiologicalin
compared soilobserved (1966, 1967)beneath the Jungtrees.

away from A. albida. Under Acaciaundermicrobiological changes and
dehydrogenase,clear in invertase,albida found increasehe a

Bacteria counts under and away from
the A. albida trees, there was abutthethe tree samewere

increase in fungi, and actinomycete populations, indicating thatmarked
under A. albida supported more active rhizosphere populations. Itsoi 1

documented today that higher rhizosphere activity is not onlywel 1is

al sobut enhancesfast decomposition siterates,associated with
Increased soil organic matter, cation exchange capacity,productivity.

improved soil have also beenholding capacity and structurewater
(Charreau and Vidal, 1965).soils under As aassociated with trees

these effects, A. albida is known to increase soilresult ofcombined
been widely exploited by smallphenomenon which hasproductivity, a

farmers in the Sahelian zone of Africa.

peanut basin of Senegal, crop
--- .. . -1

asparaginase and respiratory CQ?.

under

peanuts and millet increased from 500 + 200 Kg ha
200 Kg ha"1
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Recently, yield data underavailableexperimental have been
At Mafiga,intercropping of legumes with selected food crops.tree

different intercropped withMorogoro, Tanzania, tree species were
sorghum (Redheadmai ze, beans and and Maghembe, In these1982).

studies found and sorghum could be grownit that maize, beanswas
successfully with Eucalyptus tereticornis in the
close spacing of 2.5 x 2.5 m.tree

Sorghumfirst only 100 Kg ha'in the butyear
in the firstBeans yielded only lOOKg hashowed similara

In the third year there wasin the second year.andyear
shade for any of the crops.muchtoo

Thesewith Leucaena
yields were comparable with yields of the crop at University farm where

and was overmai ze grown aswas

) wereof 670average

by peasant standards.valuesti 11 averagean

maize intercropped with A. albida ranged from 950 to 1,000 Kg ha

International Institute of Tropical Agriculture (IITA) attheWork at
Nigeria, has shown that the use of J.. Leucocephala branches andIbadan,

sustained maize yields additionalwithmulchleavaes even noas
effect(Kang et al, 1981). The of nitrogeninputesnitrogen

of fresh prunnings.

Individual tree root systems-biomass and distribution2.10

within the soil profile

Knowledge of the morphology and habits of root systems is essential to
understanding of tree growth relation to water and nutrientinan

Meanwhile the yield of 
. . __ .. . -1

Maize production was 1,280 Kg ha- 
-1 in the second year.

-1

contributed by 
about 100 kg ha-^

trend.
150 Kg ha-1

double the national
. Bean crop yields (363-463 Kg ha 1

Maize yields under intercropping 

leucocephala ranged from 1,337 to 1,736 Kg ha-^

a monoculture

Kg ha-l

first year at the
1

on maize grain yield was equivalent to 
for every 10 tons ha-^
Leucaena mulch
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supply (Lyr and 1957).Hoffman, However, information on the rooting
character!sties of many forest tree species is quite limited especially
for tropical tree species (Kerfoot, 1963; Halle et al, 1978; Prasad and

1984).Mi shara, This lack of information is doubtlessly related to the
difficulty of studying underground of whichstructures, some may

to considerable depths or extend long distances from the rootpenetrate
stock (McMinn, 1963).

confinedNearly all early investigations roots totree wereon
Gradually,anatomical morphological descriptions ofand roots.

studies relating to the ecological andinvestigations shifted towards
affecting root growth and distribution. Many ofphysiological factors

pertaining to these two phases have been reviewed (Karizumithe papers
Recently, the growingLyr and Hoffman, 1967).and 1958;Tsutsumi,

productivity of forest ecosystems hasdynamics andin theinterest
of a better understanding of roots as a part ofneedpointed out the

Results of these latestsystem (Santantonio et al., 1977).the entire
summarized (Ovington, 1962; USSR Academy ofbeeninvestigations have

Sciences, 1968; UNESCO, 1971; Herman, 1977).

and extent of the root systems of individual treescharacteristicsThe
by manual excavation (Laitakari, 1929; Mensah andrevealedhave been

and Chittenden, 1981; Prasad and Mishara, 1984),1968; JacksonJenik,
consuming and often not very accurate.method is time Morebut the

examination of wallsthe ofsuch trenchesrapid techniques, as
or sampling soil blocks (Kalela, 1949; Karizumi, 1968)1955)(Yeatman,

invidualofindicate Althoughdo the extent root systems.not
reveal the extent of root systems (Lott et al.,tracers doradioactive

Staebler 1958;and Rediske, Hough et al,1950; 1965), other
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characteristics like weight androot volume not readilyroot are
Hydraulic excavation on the other hand, is the only methodapparent.

adoptable to study of all the characteristics of individual rootthe
(McMinn, 1963; Singer and Hutnik, 1965; Santantionio et al.,systems

1977). Windfallen trees have also been used for studying root systems
(Prasad and Mishara 1984).

The influence the morphology of a root systemexternal factors which

include soil type, soil mositure and planting techniques. Root systems
and deep in freely - drained soils and are usuallytypically wideare

fl at developed in surface soi 1 underlain by a more densewhen a
et al., 1937; Wilde, 1958; Savill, 1976). Large rootsubstratum (Lutz

soils with high moisture levels, very deep rootfound insystems are
droughts and very flat root systems insubjectin tosystems areas

short distance only (Wilde, 1958;rainfal1soi 1 s where penetrates a
Faulty transplanting can result in a1976).Ponder and Kenworthy,

root system (Bergmann and Haggstrom, 1976) and ploughing priordeformed
the extent of a root system (Savill, 1976).planting reduces Rootto

also be modified by competition between neighbouting treessystems may
has also been found to be partlydistribution(McMinn, 1963). Root

of nutrients, andcontrol led concentration the internaltheby
drainage-aeration conditions of the soil (Stark and Spratt, 1977).

species, the majority of roots are usually found in theFor treemany
of the soil and most of the fine roots are found within the50cmupper
(Kerfoot, 1963; McMinn, 1963; Kozlowski, 1971, Jenik,20 1978;top cm

alsoBerish, 1982; Nambiar, It has1983). been observed that
occupation of soil is nether uniform nor static (Harris etby roots

1973;al., Ford 1977; Persson, 1978), and theand Deans, result of



- 37 -
a function of parameter chosen, that is,root isamount measurements

length, surface area, volume or weight (Santantonio et al., 1977).

roots is tedius but reasonably reliable estimates ofSampling of tree
(Newbould, 1967).obtained The methods of rootbiomassroot becan

reviewed by Schuurmann and Goedenwagaenbiomass have beenestimation
Normally, roots with diameters greater than(1965) and (1968).Leith

cm may be dug, winched or hosed out and weighed.0.5 1.0cm or over
of fine roots (< 0.5 cm) can be obtained by excavation ofThe estimate

monoliths or by taking soil cores down to a depth of at least 50cmsoi 1
a sieve (Will, 1966; Ford andand finewashing out the roots over
Roots larger than 0.5 cm areVogt et al., 1980, 1985).Deans, 1977;

they will been estimated bythese samples haverejected from as
excavation.

data exists on root biomass in forest trees. Estimates of rootLimited
for tropical tree species have made by Jenik (1971); Fittakaubiomass

Klinge (1973) and Berish (1982). Fine root biomass for conifer andand
been compiled by Santantionio et al (1977).hardwood forests have
constitutes 20-40% of total tree biomass (RodinOveral1, biomassroot

1968, Whittaker and Woodwell, 1971; Young, 1971, 1973;and Basilevich,
Westman and Rogers, 1977).

agroforestry landuse systems, mixtures of widely different kinds ofIn
If such associations are to be selectedspecies grown together.are

managed optimally,and detailed knowledge ofthen the roota
anddistribution ofbiomass theseroot species is necessary (Huck,

It is important to know the distribution of roots within the1983).
profilesoi 1 because mixed croppingin form ofsystems some
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complementarity below ground desirable.is This can be achieved in

and/or alleviate competitiontime, and for andspace watercan
nutrients between the species. Meanwhile, an understanding of root

biomass is important because both live and decaying root systems supply

metabolic requirementsto the of microbial populationsmeetenergy
whose activities aid in recycling of minerals in the system. The
results of this study present information in this respect for
Acacia al bi da under intercropping with maize or beans.
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CHAPTER 3

MATERIALS AND METHODS

3.1 The study area
The experimental site 1 s at Mafiga, Morogoro.
38'E and 50'S at 520 m a.s.l. The area lies on the flood plain of
the Its geological formation has been describedNgerengere river.

earlier The landform is almost flat, the slope being(Hathout, 1983).
less 5%. A detailed description of the soils at Mafiga has beenthan

The soils are sandy loams, pH in water 6.5;given by Mpepo (1984).
0.7%; total Kjeldhal nitrogen 0.04%; Bray (1) availableOrganic Carbon

and exchangeable bases 10.5 m.e./lOO g. The areaphosphorus 8.8 ppm
been under sisal plantations for over 20 years when it was taken uphad

natural vegetation comprised small andfor forestry research. The
sized trees and shrubs with a ground cover of assorted herbs andmedium

grasses.

total annual rainfall for Mafiga varies between 500 to 1200 mm withThe
The rainfall season is between December and May, andmean of 860 mm.a

Monthly mean temperaturefrom June to October.laststhe dry season
to 34°C and minimas 19 Temperaturesmaximas

January and lowest in June (FAO, 1984). Mean monthlyinhighestare
humidity varies from 40% in October to 70% in April (Ahimana,relative

In general values rise in December and reach a maximum level in1982).
April before declining to a minimum level in October.

6°

vary betv/een 28° 0 to 25°C.

It is located at 37°
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3.2 Experimental design

Two local the studyused forprovenances
(Morogoro provenance, 52'S, 39'E, a.s.l.; and River550 m

Msembe, Great 40'E, 800 m

a.s.l.). Container grown seedlings were planted in February 1980 in a

ploughed and land fallow for several yearsharrowed that had been
(Maghembe and Redhead, 1982).

split-plot design with food cropsThe experiment arranged inwas a

weeding forming the main plots and treecleanand(mai ze beans)or
Four replications offorming the subplots. the mainspacing

The main plots consisted of threesubplots were used.andtreatments
planted with Acacia al bi da and intercropped or clean weededtreatments

as fol lows:-

Variety Ilonga composite planted (March, 1980, February,1. Mai ze
1982, 1983, 1984 and 1985) at a spacing of 75 x 30 cm1981, March,

circle of 50 cm radius around each tree.leaving a
ammoniumapplied at

triple superphosphate.sulphate and 200 kg ha
Variety Canadian Wonder planted (April, 1980, 1981, 1982,2. Beans

1984 and 1985) at a spacing of 40 x 20 cm leaving a circle of1983,

aroundradius20 cm

ammonium sulphate and 200pl anting season
triple superphosphate.kg ha

al bi da monoculture kept freeAcacia Acacia3.

from weeds by regular harrowing and hoeing around each tree.

40'S, 34°
37°6°

Ruaha National Park provenance, 7°

Fertilizer was 
every planting season at a rate of 400 kg ha-^ 

-1

Fertilizer was applied at every 
at a rate of 200 kg ha“^ ——’,,m —1 onn-1

al bi da wereof Acacia

albida monoculture

each tree.
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Four tree spacing subplots included in each mainplot. Theywere
included:-
1. Acacia albida planted at 4 x 4 m spacing,
2. Acacia albida planted at 5 x 5 in spacing,

3. Acacia albida planted at 6 x 6 m spacing,
4. And a treeless plot.

The subplots 30 x 30 m square containing 56, 36, 25, and 0 treeswere
for 6 m spacing and no tree plots respectively.the 4 The5m, m,
whole experiment covered an area of 4.32 ha.

with trees, the central core of 9 trees were clearlyeach subplotFor
height and diameter development.regularly measured formarked and

were made at the root collar (height 15Initial
diameter breast height (DBH)1982,starting in atandcm) was

It was expected that trees surrounding the measurement unitmeasured.
provide a sufficient buffer zone to overcome bias resulting fromwould

All plots clean weeded by1981).(Zavitkovski,smal 1 plots were
using a tractor and supplemented by hand hoeing. Pruning washarrowing

1984 to facilitate tractor operations.and The1983incarried out
plots were not fertilized. Yields of maize and beans weremonoculture

recorded after every harvest.

Above ground biomass estimation3.3

was estimated from thirty sample trees carefullyground biomassAbove
cover the range of diameter classes present.selected to The diameter
based Each sample tree was cut at ground level,on DBH.cl asses were

height measured and then partitioned into foliage,its brushwood
(branches < 15 mm in diameter), branch wood and stem wood.

diameter measurements
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For each sample tree, fresh weights of foliage, brushwood, branch wood

and wood were measured. Three stem discsstem (5 cm thick) were cut

from each sample tree along the bole representing the stem base, middle

and Samples of foliage (approximately 500 g)j brushwoodtop.

(approximately 1,000g) and branch wood (approximately 1,000g) were
collected, weighed the laboratory for dry weightand taken to
determination. samples were ovendried at 75°C for foliage and atThe
105°C for woody materials to constant weights.

of dry weight to green weight was determined for each sampleThe ratio

estimate the oven dry weights of corresponding componentsand used to

sample tree (Alban and Laidly 1982). See Table 4. Regressionof each

between the tree component dry weights and DBH were developedequations

for the simple linear model:

(6)Y A BX+

and the curvilinear model

(7)Y A
B 

X
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Mensurational data for the trees harvested for the studyTable 4:

Dry weihts kg/treeDBH, cm Ht, m

Roots"Foliage Brushwood Branchwood Stem

0.800.000.540.123.10 2.54

2.900.890.181.240.053.443.50

1.730.000.470.073.923.90

3.670.261.210.164.90 4.79

2.901.750.520.920.154.645.20

2.870.001.170.174.925.30

3.770.221.060.435.255.50

3.814.630.243.820.455.006.20

3.960.511.640.445.696.90

3.980.622.680.296.257.40

7.750.613.110.489.20 6.68

10.952.377.141.597.529.30

6.491.152.590.369.30 7.95

7.690.433.350.6110.20 7.98

7.217.811.863.440.168.7510.50

8.971.778.710.168.9610.60

15.239.903.795.890.848.8511.10

14.860.724.331.2012.00 8.40

23.065.2518.012.038.5313.40

18.4618.083.947.000.888.4813.90

20.296.309.401.4514.10 9.74

16.854.629.081.359.6814.10

15.9820.918.3811.378.8810.8914.60

32.074.797.871.7715.10 10.72

31.7413.0910.5010.92 3.0016.90

32.579.3511.3411.44 2.6019.60

38.5811.2919.291.4319.20 11.36

34.114.138.931.8019.90 12.67

33.038.3515.5820.00 1.6712.28

31.5340.389.7118.1722.01 2.0112.46

= Only 8 trees were sampled for roots.
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In each
and A B regression coefficients. Although there were veryare
good fits between tree

tends to zero, the dry matter tends to zero.

linear regression model used to predict tree component dry weightsThe

was, therefore, the log-log allometric model:

(8)XY A 8 LnLn +

Ln Y is the natural logarithm of tree component biomass, Ln X iswhere
logarithm of DBH and A and B are regression coefficients.the natural

equations obtained are shown in Table 5. The log-logThe regression
>2 values and reduced the standard errorsimproved the R'transformation

The model accounted for most of the variation in treeof regressions.
by the high R2 values for theindicatedweightscomponent as

of the regression equationsequations. The
The systematic errors associatedto be highly significant.showed all

model were corrected following the technique of Baskervillewith this
The correction factors so obtained were then multiplied withC1972).

computed values of biomass of the respective tree components.

model, Y is the tree component dry weight, X is the tree DBH, 
and

to large
trees. I

; sized trees as they gave negative values for small 
Negative dry weight values imply that as the tree DBH

component dry weights and DBH in the simple 
linear regression model, the equations obtained could only be used for 
medium 
sized

analysis of variance
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Diameter x H) has also been used
independent variable biomass estimation equations (Ogawa etinas an

al_., 1965; Kira and Shidei, 1967; Post, 1970; Anderson, 1971), although

the values obtained from

improvement obtained with DBH alone.thoseover
the model being reduction of the error of estimate when the independent

andvariable includes Marks, 1975).height (Whittakertree

Nevertheless, measuring for DBH of individual trees in a stand is easier
Therefore, equations using DBHand precise than measuring height.more

x H for estimation ofpracticable than thoseproves more
For these reasons, tree height was not included in thestand biomass.

model for biomass determination in this study.

of tree components for each tree wasFor biomasseach thetreatment,

relevant component regression equation. Thedetermi ned using the
dry weights were summed to obtain the tree component biomasscomponent

the 9 trees in each subplot and the values were then extrapolated tofor
a hectare basis.

Estimation of volume production3.4

for the above ground biomass determination wereusedThe sample trees
determining stem and branch volume. All main stems andalso used for

of each sample were cut into one meter lengths. The distal andbranches
of each one meter log were then recorded.proximal di ameters All woody

portions with diameters less than 15 mm were categorized as brushwood.

R2

at breast height squared x height (DBH2

this relationship do not represent much
I

The only advantage of

using DBH2
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Volume different sections of each sample treeestimated from thewas
using Smalian's formula. Volumes of sample trees wereindividual
obtained by summing estimated volumes of all the respective smallthe
logs.

The regression model to predictused and branch volume ofstem
individual 9 trees in each subplot was the log-log allometric model:

Ln V (9)A B Ln X+

where is the natural logarithm of tree component volume, Ln X isLn V
the natural logarithm of DBH, A and B are the regression coefficients.

individual and volumesFor each branchtreatment, tree stem were
separately using the relevant component regression equation.obtained

component were obtained by summation.Plot totals for each Data was
logarithmic transformationbias duecorrected for systematic to

the values were then extrapolated to a hectare(Baskerville, and1972)
basis.

Maize and bean yields3.5

crop yields compiled from past records (1980 - 1985).forData was
extrapolated to hectare basis to permit comparisons withYields were

data in the literature.
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Root distribution of individual trees and determination of root3.6
biomass

eight trees randomly chosen from those used for aboveRoot ofsystems
ground biomass determination were excavated. The trees were chosen to

DBH range present as far as possible.the Before digging outrepresent
soi 1the (size 15 depth and 10 cm inroot systems, two cores cm

di ameter) taken around the tree stump (one meter radius) to obtainwere
soi 1 and fine roots at three soil depths (0-15 cm, 15 -30 cm and 40 - 45

In all fourty-eight soil cores were collected.cm).

root system for each tree was then exposed by manual digging.The whole
5 mm in diameter) were traced as much as possible uptoCoarse roots (>

profile at 20 cm intervals, the number,soi 1Along thetheir tips.

weights of coarse roots were determined.di ameters, freshlengths and

fine roots (< 5 mm in diameter) were sorted from the soilsmal 1The or
cores and their fresh weights determined.

and coarse roots were carefully weighed and then takenSamples of fine
dry weight determination and nutrient analysis.laboratory fortheto

The ratio of dry weights to greensamples were ovendried at 105°C.Root
the dry weights of the root systemsused estimateweights towere

separately for each of the eight sample trees.

regression model used to predictThe biomass of therootcoarse
individual 9 in each subplot was the log-log allometric modeltrees
(Equation 8). For each treatment, the coarse root biomass for each tree

determined using the regression equation so developed. Correctionswas
of systematic due to logarithmic transformation and plot biomasserror
calculations followed methodsthe outlined for other treesame
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components. Fine root biomass was obtained by extrapolating the average
dry weights from the soil cores for each horizon to a hectareobtai ned
basis.

Soil sample collection3.7

(using a soil auger) from two subplots inSoil samples collectedwere
The subplots were:- the controleach mainplot for every replication.

Soil samples were collected from five sampling points(400
located in each subplot as shown in Figure 1.

samples were taken at three soil depthssoi 1sampling point,At each
Soil samples from each profile depth15-30 cm and 30-60 cm).(0-15 cm,

In all, a total of 72 soil samples wereeach plot.bulked forwere
The soil samples were kept in plastic bags and taken to thecollected.

In the laboratory, the soil samplesnutrient analysis.laboratory for
sieved to pass a 2 mm sieve.ground and Portions ofdried,airwere

soil from each sample was used for nutrient determinations.

subplot (without trees), and the subplot containg 36 trees 
trees ha-b.
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A

30 m
t

V
30 m

• Sampling points.

Figure 1 : The location of sample points in each subplot
measuring 30 x 30 in.
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Nutrient analysis3.8

Preparation of plant material for nutrient analysis involved grinding

foliage and brushwood in a Willey - Mill and sawing branch wood, stem

wood and samples repeatedly toroot obtai n sufficient sawdust for
analysi s.nutrient Sample powder were then oven dried for 24 hours at

72°C prior to use.

For analysi s of P, K, Ca, Mg and Na, 1 g of plant material was ashed at
475°C for three The ash obtained was dissolved in 6 N HC1 andhours.
the solution ml.made 100 Phosphorus determinedtowas was
calorimetrically, while potassium, calcium, magnesium and sodium were
determined by the atomic absorption procedure. For the determination of
total nitrogen, the Macro-Kjeldhal procedure was used (Bremmer, 1965).

soil chemical analysis, soil was ground and sieved to pass through aFor
Then, chemical analyses were carried out to determine total2 mm sieve.

exchangeable potassium,nitrogen, available calcium,phosphorus,
soil pH and organic carbon wereaddition,magnesium and sodium. In

Determination of organic carbon followed the wet combustiondetermined.
Walkley and Black (Allison, 1965). Soil pH was determinedprocedure of

by soil Total nitrogenpH metter in 1:2 to water paste.a a was
Macro-Kjeldahl methodestimated by (Bremmer, 1965).the After

fluoride solution, available phosphorus wasextraction with ammonium
calorimetrically determined using the Bray and Kurtz No. 1. Method

(Bray and Potassium, calcium, magnesium, and sodium wereKurtz, 1945).
determi ned by the atomic absorption procedure after initial extraction

with ammonium fluoride solution.
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3.9 Statistical analyasis of data

the split-plot design was performed on treeAnalysi s of vari ance for
tree DBH, tree component biomass, plant nutrient concentrations,height,

crop yields,volume production,soi 1 rootnutrient concentrations,
diameters to test differences between these variableslengths and root
Duncan's New Multiple Range test was used to separatetreatments.among

differing means (Alder and Roesler, 1972).
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CHAPTER 4

RESULTS
4.1 Height and diameter development
Data height development of the A. al bida trees under the studiedon

Table for period 1980 to 1986.presented intreatments 6 theare

Neither intercropping spacing did significantly influencetreenor
Mean annaul height growth for the periodheight growth of Acacia trees.

was 1.42 m.

Table 6: Height growth (m) of Acacia al bi da trees for the growth
period 1980 to 1986 at Mafiga, Morogoro, Tanzania

Year
1984 1985 19861982 19831980 1981Management Spacing

regime
7.01 9.12 9.484.12 5.682.571.30*Acacia 4 x 4 m

5.90 7.23 8.40 8.76Monoculture 3.00 4.001.585 x 5 m

4.24 5.69 7.10 8.43 8.791.50 2.646 x 6 m

7.123.19 4.08 5.78 8.50 8.861.17Acaci a 4 x 4 m

4.31 5.64 7.32 8.43 8.791.28 2.84+ maize 5 x 5 m

5.58 7.18 8.121.12 3.10 4.24 8.486 x 6 m

4.13 8.311.16 3.02 5.68 7.04 8.67Acaci a 4 x 4 m

3.01 4.08 5.75 7.19 8.231.20 8.59+ beans 5 x 5 m

2.73 4.23 5.59 7.23 8.171.33 8.536 x 6 m

= Values in the same column and within each group do not differ

significantly ( p < 0.05).
+ = Measurements taken at the time of felling sample trees (March,

1986), three months after the 1985 measurements.
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Simi 1arly, intercropping with maize and with beans did not significantly

influence diameter growth Tree spacing, however,

significantly influenced diameter growth 1982 to 1986 (Tablebetween
7). Spacings of 5 x 5 m and 6 x 6 m had significantly bigger diameters
than 4 4 m spacing. The influence of spacing on diameter growth wasx

early 1982. Earlier on from 1980 to 1981,apparent spacing didas as
significantly influencenot diameter growth of the trees. Mean annual

diameter increment for the growth period was 1.6 cm.

4.2 Volume production

The effects volumeof various management and spacing regimes on
production Total volumeTables 8 and 9.by A. al bi da shown inare

3production ranged from 9.9 m

for trees intercropped with maizespaci ng of 6 x 6 m to 24.9 ma
The stem accounted for nearly 65% of the totalat a spacing of 4 x 4 m.

volume, while the branches accounted for upto 35%.

4.2.1 Effect of intercropping on volume production

significant differences in volume production between theThere were no

grown in monocultures and the trees intercropped with either maizetrees
beans Interactions between the management regimes and(Table 8).or

not significant for both stem and branch volume (Table 9).spacing were
The results indicate that the number of trees per treatment was the most

important factor governing yield in these studies.

ha-1 for trees intercropped with maize at
3 1ha-1

of Acacia trees.
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Table 8: Volume production by six-year-old Acacia al bi da in

monocultures and when intercropped with maize or beans at

Mafiga, Morogoro, Tanzania.

ha- 1Management and spacing
regimes

TotalStem Branch

Main plot effects, Management
15.5aAcacia monoculture 9.7a- 5.8a
15.1a9.5a 5.6aAcacia + beans
17.2a10.8a 6.4aAcacia + maize

spacing
8.0a 22.7a4 x 4 m (625 trees ha 14.7a
5.5b 14.4b8.9b5 x 5 m (400 trees ha

6 x 6 m (278 trees ha ') 10.8c6.5c 4.3c

= Values in the same column and within each group with the same
subscript do not differ significantly ( p < 0.05)

Volume production, m3

Sub plot effects, 
-1) 

-1 
)
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Table 9: The effect of intercropping and spacing interactions

on volume production by six-year old Acacia albida at
Mafiga, Morogoro, Tanzania.

Volume production, n? har~lManagement and
spacing regimes

Stem Branch Total
Acacia monoculture

4 x 4 m 14.0a* 7.7a 21.7a
5 x 5 m 8.5b 5.1bc 13.6b
6 x 6 m 6.8c 4.6c 11.4c

Acacia + beans
4 x 4 m 14.0a 7.5a 21.5a

5 x 5 m 8.0b 4.9b 12.9b

6 x 6 m 6.6c 4.5b 11.1C

Acacia + maize

4 x 4 m 16.0a 8.9a 24.9a

5 x 5 m 10.1b 6.6b 16.7b

6 x 6 m 6.2c 3.7c 9.9c

= Values in the same column and within each group with the same
subscript do not differ significantly C p < 0.05).
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Effect of spacing on volume production4.2.2

spacing caused most of the observed differences between treatmentsTree
Spacings of 4x4 m, 5 x 5m and 6 x 6 m had significantly(Table 8).

Tree spacing at 4 x 4 m showed theproduction values.volumedifferent
lowest volumespacing showed thevolume, whilehighest 6 6x m

Volume production at 5 x 5 m spacing was intermediate. Theproduction.
x 6 m) were based on a few large treesvolumes under wide spacing (6

while the assortment of sizes in the lower spacing was much varied.

Biomass production4.3

of biomass in components of A. al bi da monocultures andThe di stribution
intercropping with maize or beans at different spacings areundertrees

Total tree biomass ranged from 19.6 metric tonsTable 10.in

metric
significant effects biomassIntercropping did not oncausem.

main variations emanating from tree spacing (Table 11).production, the
components of A. albida was stem,In general di stribution inbiomass

15%; branches, 12%; and foliage, 6%. The32%; 35%; brushwood,roots,
considerably underestimated because sampling wasfoliage biomass was

done a few weeks after trees had started leafing.

for trees intercropped with beans at a spacing of 6 x 6 m to 43.1 
tons ha~l for trees intercropped with maize at a spacing of 4 x 4

presented 
ha’1
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4.3.1 Effect of intercropping with maize and beans on biomass

production by A al bi da

intercropping with maize or beans on biomass productionThe ofimpact
compared to production by cleannegligible (whenby A. albida was

There were also noTable 11.weeded monocultures). Seeal bi daA.
management regimes (clean weeding orsignificant interactions between

intercropping) and tree spacing (Table 10).

Effect of tree spacing on biomass production4.3.2

effect of tree spacing on biomass production was highly significantThe
Biomass production differed significantly between all the(Table 11).

at 4 x 4 m produced the highestSpacing thethree spacings. trees

In all cases, biomasslowest.spacing theandbiomass 6 6x m
production at the 5 x 5 m spacing was intermediate.

root biomass, there were significant differences betweenandFor stem
For branches, bushwood and foliageall spacing treatments.the three

however, there were no significant differences between the 4 xbiomass,
and 5 x 5 m on the one hand and between 5 x 5m and 6 x 6 m spacing4 m

In all cases, biomass production at the 4 x 4 m spacingother.theon
significantly exceeded that at 6 x 6 m spacing.

Nutrient concentration and uptake4.4

percent concentrations of N, P, K, Ca, Mg and Na in the componentsThe
al bi da are shown in Table 12.of A. The nutrient concentration values

studythis valuesin for all the trees analysed forare average
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biomass. Therefore, nutrient concentration values cannot be presented

for each treatment. The average concentrations of the nutrients in the
foliaage, brushwood and branches decreased in the order of N > K >

Ca Na Mg> P, while for the stem, the order was N >> K > Na >>

Ca P. For roots the order was>

N > K Ca Mg > Na > P.> >

Table 12: Nutarient concentrations for tree components of six-year old
Acaci a al bi da grown at Mafiga, Morogoro, Tanzania

Tree Nutrient element concentrations, %
component

NaCa MgN P K

Foli age 0.490.300.691.003.50 0.22
Brushwood 0.26 0.340.590.791.08 0.17
Branches 0.23 0.240.460.530.89 0.16
Stem 0.19 0.240.190.480.55 0.13
Roots 0.090.200.260.600.090.94

Generally, the foliage andhighest inconcentrationsnutrient were
brushwood, least in the stem, with concentrations in the roots andand

branches individual elements;For andbeing intermediate. N K
concentrations in the tree components decreased in the order of
foli age branches stem.roots But Pbrushwood and Na>>> >

order of foliagethedecreased in brushwoodconcentrations > >

branches Magnesium and Ca on the other hand decreasedroots > stem.>

brushwood > branches > roots > stem.in the order of foliage >

Mg >
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and spacing regimes on the accumulation ofThe effects of management

elements in the components of A. albida are shown in Tables 13nutrient
The impact of intercropping with maize or beansand 14, respectively.

trees was negligible whenthe A. albidaaccumulation innutrienton

albidacleanweededaccumulation by A.compared nutrientto

Spacing on the other hand, did significantly influencemonocultures.
As expected, the(Table 15).nutrient accumulation thein trees

accumulations were recorded under the 4 x 4 m spacinghighest nutrient
and the lowest in the 6 x 6 mhighest biomass),with the(treatment

Accumulations in the 5 x 5 m spacing were intermediate.spacing.

nutrients,variousthethatobservedTable is15 itFrom among
is highest followed by K, Ca, Na, Mg and lowest foraccumulation of N

N, the nutrient accumulations wereexcept forphosphorus. However,
the stem, brushwood and roots, with the least amounts foundhighest in

in the foliage and branches (Tables 13 and 14).

accumulation in theelements;individual N tree componentsFor
of foliageorder roots stemdecreased in the > >

brushwood > roots >orderwhile for theP, stembranches, was >

Potassium and Mg acccumulations decreased in thefoliage.branches >

brushwood > branch > foliage. Calcium wasof rootsorder stem >>

in the order brushwood branch foliage, whileaccumulated stem roots

the order of stem > brushwoodinitfor Na was

roots.

brushwood and constitute 67.5%, 58.7%, 59.0%,Foliage, roots about
53.5% and 48.6% of61.6%, the total N, P, K, Ca, Mg and Na

respectively, accumulated by A. albida. These proportions are the
of elementsthese that are likely to be left on the sitequantities

> foliage > branch >

> brushwood >
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after fuel wood and pole harvest. However, if foliage is harvested as
fodder, the figures drop to 42.07o, 37.2%, 47.0% 47.2%, 43.4%, andthen
33.5% of N, P, K, Ca, Mg and Na respectively.

Yields of maize and beans grown pure and intercropped with4.5
Acacia albida trees

Tables 16 and 17 show the yields of beans and maize respectively, grown
monoculture and when intercropped with Acacia albidain trees for the

fromgrowing 1980 1985. stati sticaltoseasons no
in the mean yields of maize or beans between the treatmentsdifferences

indicates that neither the yields of maize nor that ofstudied. This

beans were influenced by the trees under the study.

significant differences in the yields of maize and beans overHowever,

Much of the variation in the yields of maizewere observed.the years
found to be closely related to the amount oftimebeans over wasor

growing season (Table 18).rainfal1 received during thetotal The
amount of rainfall received in the growing season (March to June)total

the variation in the yields of maize and beansofaccounted for most
by the high R2 values of theindicatedobserved asover

regressions.

the years

There were
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The effects of management regimes on the accumulation of nutrientTable 13:
elements in components of six-year old Acacia albioa at
Mafiga, Morogoro, Tanzania.

Management regime

Ca Mg NaP KN

Acacia monoculture
19.2c 13.2c 5.8e 9.4cFoliage 67.lax 4.2d

25.5a 11.2c 14.7bBrushwood 7.3b 34.1b46.7b
17.0b19.6c 8.5d 8.9cBranches 32.9c 5.9c

12.5a 18.2b 18.2aStem 52.7b 46.0a 23.0a
6.1c 41.0a 17.8b 13.7b 6.IdRoots 64.2a

Acacia + beans
12.4c 5.4eFoliage 63.1a 4.0d 18.0c 8.8c

10.7c7.0b 32.4b 24.2a 13.9bBrushwood 44.3b
30.9c 5.6c 18.4c 16.0b 8.0d 8.3cBranches

11.7a 17.1b 17.1a49.6b 43.3a 21.7aStem
16.7b 12.9b60.5a 5.8c 38.6a 5.8dRoots

Acacia + maize
Foliage 67.9a 4.3d 19.4c 13.4c 5.8e 9.5c
Brushwood 48.2b 7.6b 35.3b 26.3a 11.6c 15.2b
Branches 33.2c 5.9c 17.2b19.7c 8.6d 9.0c
Stem 53.3b 12.6a 46.5a 18.4b 18.4a 23.3a
Roots 64.9a 6.2c 41.5a 18.0b 13.8b 6.2d

= Values in the same column and within each group with the same subscript do not
differ significantly ( p < 0.05)

Element, Kg ha~
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Table 14: The effects of spacing on the accumulation of nutrient elements in
components of six-year old Acacia albida at Hafiga, Morogoro, Tanzania.

Element, Kg ha -1Spacing
Ca Mg NaII P K

4 x 4 m
12.4cFoliage 17.5c 7.6d5.6d 25.3c88.6a*

14.8c 19.3bBrushwood 61.3b 9.6b 44.9b 33.5a
11.2c 11.7c25.8c 22.4bBranches 43.4c 7.8c

24.0b 24.0a 30.4aStem 69.6b 16.4a 60.7a
18.1b 8.Id8.1b 23.5bRoots 85.0a 54.3a

5 x 5 ni
18.3c 12.6c 5.5d 8.9cFoliage 63.9a 4.0d

10.9b 14.3b7.1b 33.2b 24.8aBrushwood 45.3b
18.6c 16.2b 8.1c31.3c 5.6c 8.4cBranches

17.3b 17.3a 21.2a11.9a 43.8aStem 50.2b
5.8d39.0b 16.9b 13.0b61.1a 5.8cRoots

6 x 6 m
13.0c 9.0c 3.9d 6.4cFoliage 2.9d45.6a
23.8b 17.7a 7.8b 10.2b5.1bBrushwood 32.5b
13.3c 11.6b4.0c 5.8c 6.0cBranches 22.4c
31.3a 12.4b 12.4a 15.6a35.8b 8.5aStem
27.8b 12.0b 9.3b4.2c 4.2dRoots 43.5a

= Values in the same column and within each with group with the sameM

subscript do not differ significantly (p < 0.05).
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allIn cases,

rainfallgrowi ng (total and highest in 1984 growingseason
Bean yields(total rainfal1 430.6 mm). See Tables 16 and 17.season

from 143.2 to 409.7 kg ha-1 and maize yields from 303.6 to 956.0

Influence of Acacia al bi da trees on soil fertility4.6
and 21 show the concentration of soil elements in areasTables 19, 20

without A. albida trees in the different main plots.planted with and
except Mg and Na, the concentration of the elementsall elementsFor

The soil pH also decreased down thesoil profile.decreased down the
soil profile.

1(0-15 cm), significant differences did exist in thesoi 1 hori zonFor
between areas that had been clean weeded (Acacia monocultures)soi 1 pH
where intercropping with maize or beans had been done (Tableand areas

Intercropping with food crops tended to lower the soil pH. For19).
were no significant differences betweenall thereelements, however,

the treatments.

horizon 2 (15-30cm), there were significant differences in thesoi 1In
soil pH between areas planted with and without trees, and also between

monoculturealbidaA.
Intercropping lowered the soil pH, while areas planted(Table 20).

ranged
-1 kg ha

and A. albida intercropped with maize or beans

305 mm)

the yields of maize or beans were lowest in the 1982
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with trees tended to have a higher soil pH. Areas planted with

trees had significantly higher amounts of organic carbon andal bi daA.

calcium For all the otherwhen compared withoutto trees.areas
elements no significant differences existed between the treatments.

soil horizon 3 (30-60 cm), there were significant differences in theIn
soi 1 pH between areas planted with and without trees, and also between

al bi da monocultures and A. albida intercropped with maize or beansA.
(Table Intercropping significantly lowered the soil pH, while21).

planted with had higher soi 1 Soils in A. albidapH.treesareas
significantly lower total nitrogen compared to areasmonocultures had

intercropping had been done. Concentrations of total nitrogen inwhere

or beans did not differ significantly.intercropped with mai zeareas

albida had significantly higherplanted with amounts ofA.Areas
calcium than those without A. albida.
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Generally, the show significantdid not influencestrees theon
concentrations of the studied soil nutrients.

Tables 22 and 23 show the relationship between biomass production by A.
al bi da and soil nutrients in the stand. A direct and significantthe
relationship and biomass production and thebetween rootstem

the soil was found (Table 22).of Increasing theconcentration K in
ofconcentration K

respectively.production by 1.16 tons ha

Simple regression equations relating soil nutrient elementsTable 22:
to biomass production of six-year old Acacia al bi da at
Mafiga, Morogoro, Tanzania.

R2 FEquation

0.42 7.2*Stem biomass = 4.03 + 11.60 K
0.42 7.2*Root biomass = 3.00 + 8.04 K

= Significant at p < 0.05.K

Multiple regressions showed the soil concentrations of P, Ca, N and Mg
closely related stem, branch, root, total above ground andbeto to

total production (Table 23).biomasstree
significant relationships between andP Ca concentrations and stem,
branch, totalroot, above ground and tree biomass. Increasing the

by 0.1
. -1

m.e./lOOg increased stem and root biomass 
-1 and 0.80 tons ha

There were direct and



- 77 -

for stem, branch, root, total above0.05, 0.10,
tree biomass respectively.ground and total Likewise, increasing the

ofconcentration Ca
for stem, branch, root, total0.12, 0.22,0.32,

above ground and total tree biomass respectively.

by 0.1 m.e./lOO g increased biomass production by 
—I 0.66 and 0.98 tons ha

concentration of P by 1 ppm, increased biomass production by 0.14, 
0.28 and 0.38 tons ha 1
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Table 23: Multiple regression equations relating soil nutrient elements to biomass production

of six-year old Acacia albida at Mafiga, Morogoro, Tanzania.

R2Equation t values
Stem biomass = 13.29 + 0.14 P + 3.15 Ca - 181.27N - 8.23 Mg 0.75 P = 3.772““*

Ca = 2.320*
N = 2.609**

2.516**Mg
3.742***Branch biomass = 5.09 + 0.05 P + 1.20 Ca - 67.97 N - 3.21 Mg 0.75 P
2.231*Ca

N = 2.522**
Mg = 2.450**

Root biomass = 9.37 + 0.10 P + 2.18 Ca - 124.90 fl - 5.70 Mg 0.75 P = 3.776**“

Ca = 2.318*

fl = 2.599*“

Mg = 2.522*“

Total aboveground biomass =28.19 + 0.28P + 6.63Ca - 373.04N - 18.07Mg 0.75 P = 3.705***

Ca = 1.929*

N = -2.326*“

Mg = 2.476**

Total biomass = 37.504 + 0.38 P + 9.75 Ca - 535.36 N - 25.26 Mg 0.76 P = 3.889*“*

Ca = 2.145*

N 2.524““

Mg = 2.617““

= Significant at P < 0.1m

Significant at P < 0.05MM

= Significant at P < 0.01MMM
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On and significant relationship existedthe other hand, inversean
between branch, root, total - above ground and total tree biomass,stem,
and soil. Increasing thethe and Mgof N in theconcentrations
concentration of N

of stem, branch, root, total above0.68, 1.25, 3,73 and 5.35 tons ha
While increasing thebiomass respectively.ground and total tree

of Mgconcentration
for stem, branch, root, total0.32, 0.57, 1.80 and 2.53 tons ha0.82,

above ground and total tree biomass respectively.

foliage biomass, brushwoodfoundclear relationship betweenNo was
biomass, tree volume, and the soil nutrient concentrations.

Growth of roots of individual trees within the soil profile4.7
The distribution of fine roots ( < 5 mm)4.7.1

of the fine root biomass to a depth of 45 cmdistributionThe pattern
It is evident that most of the fine roots areshown in Figure 2.i s

the top 30 cm of the soil profile.found The fine root biomasswithin
with increasing soil depth. This is true for all the spacingdecreases

treatments studied.

The distribution of coarse roots ( > 5 mm)4.7.2

and lengths of the lateral roots of six-year old A.diametersMean
are shown in Table 24. The distribution of the roots within theal bi da

profile is shown in Figure 3. An additional illustration (Figuresoi 1
4) presents the distribution of coarse root biomass in individual
A. al bi da trees down the soil profile.

by 1 g/100 g decreased biomass production by 1.81, 
-1

by 0.1 m.e./lOO g decreased biomass production by 
-1
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The mean diameters of the lateral roots varied from 1.45 to 2.36 cm and
The mean length of thelenghts varied from 1.64 2.32tomean m.

No significant variations in mean diameters andtaproot 2.8was m.
lengths of lateral found the various soilthe betweenroots were
hori zons. significant variations in the mean diameters andHowever,
lengths of lateral roots between individual trees occured (Table 25).

confined mostly to the top 200 cm of the soilThe 1ateral roots were
root biomass decreased with increasing soilprofile. Generally, the

roots accounted for about 67% of thedepth (Figure 4). The coarse
60%, lateral roots 40%), while the finetotal biomass (taproot,root

roots accounted for about 33%.

root system consists of a well developed taproot with fairlyal bi daA.

Few lateral rootsgrowing downwards (Figure 5).large lateral roots
with a majority of them occupying the deepersurface,theoccur near

Most of the lateral roots extend more or lesssoi 1 1ayers (Figure 6).
equidistantly around the tree and they branch though not frequently.
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Table 24: Mean diameters and lengths of lateral roots (+ standard

deviation) at various soil depths for individual trees of
six-year old Acacia al bi da at Mafiga, Morogoro, Tanzania.

Soil depth, Lateral root diameters, Lateral root lengths,
cm*cm m

2.32 + 0.710 - 2.36 + 1.0720
2.01 + 0.5320 - 40 1.68+1.22
2.08 + 0.4740 - 1.69 + 1.5960
1.88 + 0.9560 - 80 1.73 + 2.26
1.80 + 0.5480 - 100 2.08 + 1.21
1.64 + 0.64100 - 120 1.64 + 1.18
1.74 + 0.44120 - 140 1.92 + 0.91
1.66 + 0.52140 - 160 2.08 + 0.87
2.12 + 0.21160 - 180 1.45 + 0.80

* = Diameters measured at the junction with the taproot.



- 84 -
Table 25: ANOVA for the mean diameters and lengths of lateral roots

at various soil depths for individual six-year old
Acacia albida trees at Mafiga, Morogoro, Tanzania.

i) Mean diameters of lateral roots

Sources of

variation SS MS FDF

Trees 2.25*21.227 3.0327

Soil horizons 0.651 0.05 n.s.5.2058
Error 75.331 1.34556
Total 101.76371
ii) Mean lengths of lateral roots

Sources of

MSSS Fvariation DF

2.996* *0.8545.977Trees 7

0.429 1.50 n.s.Soil horizons 3.4348
0.285Error 15.94556

25.356Total 71

= Significant at p < 0.05

= Significatn at p < 0.01

Not significantn.s =
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MB* S

of Individual Acacia albida tree, exposed by manual digging.Figure 6: Root system
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CHAPTER 5

DISCUSSION

5.1 Height and diameter growth of Acacia albida <it

Mafiga, Morogoro
5.1.1. Height growth

albida at the end of six years ranged from 8.1 mHeight growth of A.
for trees Intercropped with maize at a spacing of 6 x 6 m, to 9.1 m for

at a spacing of 4 x 4 m (Table 6).cleanweededhadtrees which been
significantly Influencespacing didNeither intercropping treenor

Mean annual heightin the study.height albidagrowth of A. trees

period ranged from 1.4 to 1.5 m. The growth rate atforgrowth the
that reported for the species inMafiga generally higher thanwas

range reported for A.within thebutNamibia 1969),(Wickens, was
albida 1966).in Senegal (Anon,

m, while that in Senegal averaged 0.6 m (range 0.5 toNamibi a 1.0was
1.6 m).

site at Mafiga, Morogoro, a comparable meanexperimentalIn the same
1.4 m) was reported for five-year old Leucaenaheight of 7.1 (MAIm

(Maghembe et al., 1986).leucocephala But a three year-old Eucalyptus

tereticornis growi ng in the same area attained an average plot height
ranging from 8.96.4 m (MAI 2.1 to 3.0 m) (Ahimana and Maghembe,to

values are much higher than those of A. albida reported1987). These
this study. These differencesin be ascribed to the inherentcan

differences between the species grown at Mafiga. Both L^. leucocephala
and E. tereticornis are relatively shorter-lived trees

The mean annual height growth in
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which and mature fast. At the relatively early age of 1-2 yearsgrow
they were already and clearlyseed For A.at a mature stage.on
al bi da, sti 11 at a juvenile stage at the time of thethe trees were
study.

tropical climates, height growth data reported forIn semi-dryother
tree species are comparable to those of Acacia al bi da reported inother

Annual height growth for Acacia nilotica at Uttar Pradeshstudy.this
India was 1.1 m (Singh, 1982), while for fast-growingand Rajastan in

in Africa, the annual height growthdry sitesEucalyptus species in

Dalbergia sisoo at the age of 7to 1.8m (FAO, 1974).ranged from 1.5

Compared to1.8 m in Pakistan (Sheikh, 1986).ofattained MAIyears

height growth of A. al bi da at Morogorotherefore,results, thethese
site, it grew as well as L_. leucocephalathissati sfactory. Atwas

growth rate was inferior to that of IE. tereticornis. Italthough its
also apparent that height growth of A. albida under cleanweeding andis

comparable with growth of the same andisintercropping at Morogoro
under similar conditions in semi-arid tropical climates.other species

Since there was no significant difference in height growth between
monocultures and A. albida trees intercropped with maize oralbidaA.

apparent that the trees were not suppressed by the fooditbeans, is
This implies that a good yield of fuelwood can be obtained fromcrops.

albida fact that trees are grown togetherdespite theA. wood lots
food The absence of the influence of spacing on heightwith crops.

growth is agreement with findings that height growth isin general
influenced spacing (Smith, 1962),than byconditionsby sitemore
except at very high stocking (Van den Beldt, 1982).
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5.1.2 Diameter growth
At the age of six-years, the average diameter of A. albida at Morogoro

ranged from 9.0 cm for trees intercropped with beans at a tree spacing
of 44 11.9 cm for trees intercropped with beans at a treetox m,
spacing of 6 x 6 m (Table 7). Intercropping with maize and with beans
did significantly influence diameter growth of A. albida trees innot
the study. Tree spacing, however, significantly influenced diameter

Wider spacings had significantly bigger diameters than closergrowth.
The mean annual increment for the growth period was 1.6 cm.spacings.

In other semi-arid climates in Africa, diameter growth rates of
albida are reported to range from 0.61 to 2.90 cm annually (Mariaux,A.

1966), wel 1 as 1.0 to 2.2 cm annually (Wickens, 1969) and from 0.3as
annually 1966). The mean diameter increment in A.2.2to (Anon,cm

at Mafiga, therefore falls within the ranges reported elsewhere.albida
of the reason for the large ranges reported by these workers is inPart

site variability (Mariaux, 1966), but a major partattributedpart to
attributable to genetic differences (Felker,of variability,thi s is

1978).

comparable diameter growth of 1.5 (MAI) obtained for aA cm was

five-year old leucocephala growing in the same area (Maghembe etL.
al., 1986). A three - year old £. tereticornis also grown in the same

had better diameter growth with MAI of 2.8 cm (Ahimana andarea a
Maghembe, 1987).

When compared with other species growing in semi-arid environments,
diameter growth of A. albida at Morogoro was superior to that of
Acacia nilotica in India with MAI of 1.3 cm (Singh, 1982). But it was
lower than that for E_. citriodora and _D. sisoo, with MAI of 2.5 and 2.9 

cm respective]y reported in Pakistan (Sheikh, 1986).
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diameter growth of A. albida at Morogoro wasAs with height growth,
quite satisfactory. It

that of E. tereticornisits growthsite but

underalbidaDi ametersite.thegrowing at same

carnaldulensisand 1987) and E.Maghembe,tereticornis (Ahimana

Redhead, 1982) whose diameter growth was hampered by the(Maghembe and
food crops, diameter growth in A. albida was not similarlyofpresence

advantage in agroforestry systems, since theaffected. This is an

trees will not be affected. Therefore, maize andultimate yield from

albida woodlots (at current spacing)includedbeans be in A.can
Since wider spacings favourin fuelwood yields.without risking much

would appear that wideit1986),diameter growth (Guevara
albida foradopted when estabishing A.should bespacings uses

large diameters as in the case of timber production or makingrequiring
As yield is increasedhectareother domestic structures. per

number of trees per hectare, the closest spacingsignificantly by the
case 4 x 4 m) would be appropriate for maximizing on fuel wood(in this

yields.

Biomass and volume production in relation to fuel wood5.2
consumption in rural areas

5.2.1 Volume

present study ranged from 9.9Total volume production thein
for intercropped with maizetrees
for intercropped with maize at 4 x 4 m spacing (Table 9).trees The
number of per hectare in the study ranged from 278 to 625.trees The

3 m
3 at 6 x 6 m spacing to 24.9 m

ha -1 
ha"l

growth of A.
clean-weeding and intercropping at Morogoro is comparable with growth 
of the species under similar conditions elsewhere in Africa. Unlike E.

et al,

rate was inferior to
grew as well as L.. leucocephala at the same
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for nearly 657O of the total volume, while the branchesaccountedstems

357o. were no significant differences in volumeaccounted for There
and underproduction between monoculture thosetrees grown as

Tree spacing causedmaize or with beans (Table 9).intercropping with

observed differences between treatments (Table 8). Wi derof themost
while closer spacings showed thelowest volume,showed thespacings

highest volume production.

for A. al bi da exist in the literature tovolume production valuesNo
However, in the samethe present study.datawith the incompare

comparable volume productionat Mafiga,experimental site Morogoro,

Volume production dataspecies have been reported.values for other
leucocephala (Maghembe et al., 1986) intercroppedoldfor L.5-year

beansand withwith mai ze or

. The study involved 625 to 122532.821.8 to

trees

and the study1985),

old E.for 3-yearData1,111involved trees400 to a

1,600 trees ha_l in the same area was 24.8 towithtereticornis
For a spacing of 4 x 4 m(Ahimana and Maghembe, 1987).37.8

al bi da Mafiga, Morogoro, isproduction by A. attherefore, volume

comparable to those by L_. leucocephala and _E. tereticornis.

Intercropping with mai ze

volume production by A. albida. This is in strong contrast to reports

and Maghembe, 1987) and _L. leucocephalafor E. tereticornis (Ahimana
Intercropping with maize and with sorghum(Maghembe et al, 1986).

significantly reduced volume production for both species. In the later
studies, by as much as 10-307<> whenreduced

compared to trees. The effects of the food

. In another experiment with Leucaena at Mafiga (Lulandala,
-1

m3

m3
in comparable monoculture at Mafiga, 
ha’1

the volume yield recorded was 25.1 to 52.1 m3 ha 
ha'1

ranged from
ha"1

stand 
ha"1

and with beans did not significantly affect

volume production was
cleanweeded monoculture
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crops on the trees have been ascribed to competition, adversely

first year of treedi ameter increment theheight and inaffecting

thought to centre mainly on light andcompetition isSuchgrowth.
These competitiveRedhead, 1982).(Maghembe andmineral nutrition

are

rai ny foodwhen growing. The trees resume activeseason crops are
towardsgrowth rainy season when the food crops arethe

bei ng harvested. mai ze and beans can therefore be successullyBoth
i ncluded in A. al bi da woodlots for village forestry without significant
losses in fuelwood and other wood product yields.

Volume production by A. albida at the present study was significantly
Individual tree volume increased withi nfluenced by tree spacing.

volume production per hectare increased underincreasing spacing, but
Similar results fora higher tree density.close ofspacing because

been reported (Guevara, 1976;species haveother multipurpose tree
1978; Lulandala, 1985; Maghembe et al., 1986).Guevara et al,

that higher fuel wood yields from A. albida canresults indicateThese

close spacing when establishing villageobtained by plantingbe at
woodlots. shortages of fuel wood in the semi-aridGiven the present

and indeed the rest of sub-saharan Africa, villageof Tanzaniaareas
involving multipurpose treeswoodlots like A. albida are one of the

solutions this problem. Assuming a fuelwood consumption level ofto
1-2 and given an average family size of 6personper per annum
people,
and ), would produce enough
fuelwood for annual needs of 2-4 households. The benefit alone would

effects 
are

less pronounced in the case of A. albida because the trees 
physiologically iess active (as exemplified by leaffall) during the

3 m

one hectare of a six-year old A. albida at a spacing of 4 x 4 m 
under intercropping with maize (24.9 n? ha-1

end of the



- 93 -

500 mandays per annum used for the procurement of thisthansave more
The abovein addition to fodder and other benefits.This isresource.

are based on the fact that the trees are clearfelledmentioned figures
albida is normally obtainedthi s fuel woodat stage. But

Yields obtained fromthrough lopping of 1986).branches (Poschen,

accounted for by branchloppi ngs
biomass.

allows the other benefits of A. albida to be fully utilized.and
biological nitrogen fixation by large trees,include efficientmore

theand maturationfoliage for fodder atproduction
production of pods for fodder.

5.2.2 Biomass production

components of A. albida was stem, 32%;distribution inBiomass tree
6%.12% and foliage, This15%, branches,35%; brushwood,roots,

aboveground biomass of A. albida is quite similardistribution of the

(Lulandala, 1985;reported for other multipurpose treesthatto
Jung (1969) reported biomassMaghembe et al., 1986).Nwoboshi, 1985;

single A. Albida tree to be 59% for the abovegrounddistribution of a
No indication was made as to how much41% for root biomass.andparts

the aboveground biomass is constituted by stem, branches or foliage.of
to make any comparisons with data obtained in thedifficultSo it is

The proportion of root biomass reported in the presentpresent study.

study

datahi s

addition, foliage biomass was considerablypresent study. Inthe
the present study because sampling was done a fewunderestimated in

weeks after leaf setting following a deciduous period.

(35 _+ 5%) is comparable to that reported by Jung (1969), although 
were based on a single tree as opposed to eight trees used in

This approach provides for long term utilization of the trees 
i

These

will obviously be less than the 8.7 m3

from A.

of younger
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biomass values in the present study varied from 12.9
tons for trees intercropped with beans at 6 x 6 m spacing to 28.3

for trees intercropped with maize at 4 x 4 m spacing (Tabletons
10). Intercropping with maize
affect biomass production in A. albida. The main variations in biomass
production resulted from tree spacing (Taable 11). Biomass production
estimates of albida the literature. Jung (1969)A. inscarceare

reported old A. albida tree tosix-yearone
. As he was working with a single tree, he140represent tons

assumed hectare to be 43. Given that thethe number per
in the present study ranged from 278 tonumber of hectaretrees per

(1969) is clearly too high.625, obtained by Jung Otherval uethe
reservations on his data have been expressed by Felker (1978).

same experimental site at Mafiga, Comparable biomass productionIn the
The biomass productionfigures other tree species.reported forare

L. leucocephala ranged from 13.5 to 31.1 tonsoldfor five-year

for plots with 625 to 1,225 trees/ha (Maghembe et al., 1986). In
old the sitefour-year Leucaenaanother experiment with at same

(Luiandala, 1985),
21.8 44.3 tonsto

inData for a 3-year old tereticornis stand with 1,600 trees ha 
the same area was 21.0 to 31.0 tons ha-1 .

biomass production by 
ha-1

the biomass production figures recorded ranged from 
ha~l for plots representing 400 to 1111 trees ha1

data
ha"1

The aboveground
ha
ha"1

or with beans did not significantly

of trees
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Table 1 gives of biomass production values for young treea summary
pl antations climatescovering diverse and densities. Whentree

compared to Table 1, it is evident that biomass productionvalues in
values for albida in the present study are considerably lower thanA.
those reported for Cupressus lusitanica and Pinus patula at Olmotonyi,

Arusha, Tanzania (Lundgren, 1978), Gmelina arborea in Brazil and in
Nigeri a (Chijioke, 1980), Prosopis juliflora Mombasa, Kenyaat

Tectona grandis in Nigeria (Nwoboshi, 1980)1983),
and Gmelina Nigeria (Nwoboshi, 1985). These studies gavearborea in
consistently higher values than A. albida at Mafiga, Morogoro because

only higher densities were involved but also they represent yieldsnot
in the humid tropics.

similar to Morogoro, and in sub-tropical climates,semi-aridIn zones
biomass production by other tree species was comparable to that of

A typical example is biomass production by Eucalyptusalbida.A.

See Table 1.hybrid in India (George, 1974).

results of this study indicate that biomass production by A. albidaThe
Morogoro is comparable tocleanweeding and intercroppingunder at

species in semi-arid and in sub-tropicalbiomass production by other
cl imates. The results further indicate that intercropping with either

beans does not affect biomass production. These findings aremai ze or
to those reported for E. tereticornis (Ahimana andin strong contrast

1987) leucocephalaMaghembe, and (Maghembe et al,L. 1986).
Intercropping with maize and with sorghum significantly reduced biomas
production for both E. and _L. leucocephala.tereticornis Like for
volume, biomass production values were reduced by a factor of 10-307o

when compared the cleanweeded treatments.to The effect of maize and

(Maghembe et al.,
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sorghum the has been ascribedtrees to competition, adverselyon
affecting height and diameter increment first year of treein the
growth (Maghembe and Redhead, 1982). Maize intercropping seems also to

reduce of multiplethe production leaders ofthe L.in case

leucocephala in turn may have effect on stem and branch biomass.which
In other studies, the growth of young Gmelina arborea trees in Nigeria

adversely affected by intercropping with cassava and yams (Ojeniyiwas
and These competitive effects are less pronounced inAgbede, 1980).

case of A. albida because the trees are physiologically less activethe
during the rainy season when food cropsexamplified by leaffall)(as

resume active growth towards the end of thegrowi ng. The treesare
rainy season when the food crops are being harvested.

positive correlations between biomassdemonstratedRegression models

available phosphorus and exchangeableofproduction and the amounts

Total nitrogen and exchangeablesoil.theand calciumpotassium in

negatively correlated (Tables 22 and 23). Amagnesium, however, were
that the elements occur at sub-optimalindicatespositive correlation

that marginal increase in the level will positively affectlevels, and
on the other hand indicates that atnegative correlationgrowth. A

element may affect growth negatively throughhigh levels, the
by inhibiting the uptake of other nutrients (Jones,phytotoxicity or

Considerable inputs of N were made through1970; Thornley, 1978).
plots intercropped with maize and with beans.ferti1i zation of the

resulted in high accumulations of N in the soil.This have Sincemay
mainly ammonium sulphate,usedthe fertilizer considerablewas

by the compound mayacidification also hadhave a bearing on the
observed correlation. The negative relationship between magnesiumN
and difficultbiomass to explain, especially in view of theis more
addition of triple superphosphate during crop fertilization.
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In this study, relatively high values of biomass were found to be
associated with maize intercropping (Table 10). It is tempting to

fact plots receivedattribute thatthis theto more
But the analysis of soils in both thethe bean plots.ferti1i zer than

bulk of elements applied as fertilizer was taken up by the maizethe
another possible explanation for relativeTherefore, thiscrop.

growth in these plots might be due to the mulching effectincrease in
maize residues left in the plots after the harvest of the crops. Itof

possible that soil moisture is conserved by the mulch and that thisis
for a considerably longerutilized by themoi sture lateris trees

period during the dry season. This effect might not be felt ingrowth
complete removal of the bean residues duringplots duethe bean to

Nevertheless, the results of this study clearly show thatharvesting.
beans can be successfully included in A. al bi da woodlots formai ze or

village forestry without significant losses in fuelwood yields.

this study was affected by treeal bi da inproduction by A.Biomass
Individual tree biomass increased with increasing(Table II).spacing

increased under closeproduction per hectarespacing, but biomass
Similar results for other treetree density.of higherspacing a

been reported (Guevara, 1976; Wang, 1977; Guevara et al.,species have
Lu and Hu, 1981; Van den Beldt, 1982; Lulandala,Escalda, 1980;1978;

results indicate that higher1985; Yantasath 1985). These
fuel wood yields from A. albida can be obtained by planting seedlings at
closer spacing (4 x 4 m ) when establishing village woodlots.

mai ze 
concentrations

and bean plots showed no significant differences in soil nutrient 
(Tables 18, 20, and 21). It therefore, appears that the

the maize

et al,
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5.3 Nutrient concentration and content of A- albl'da tree components

Nutrient concentrations in tissuestree have foundbeen to vary
according to crown class (Madgwick, 1964), position in the crown (Verry

and Timmons, 1976), age of tissue (Krueger, 1967), time of the year at
harvesting the leaves (Alban, 1985) and external factors like soil
nutrient 1963),(MGee, (Brix, 1972) andmoisturestatus stress

(Mi Iler, For diagnostic sampling in forestry1966).temperature
foliage (Bevege and Richards, 1972), roots and sap (Smith,research,

1962) The number of trees to be sampledof trees haave been proposed.

reliable data will depend in part on the objective of the study andfor

In the literature, studies have included samplesavailable resources.
from 3 to 60 trees (Van den Driessche, 1974). In this study, thetaken

studies for each tissue were based on 30 samplenutrient concentration
was considered that 30Itfor aboveground tree components.trees

each tissue studied (i.e. foliage, brushwood, branches andsamples for
have provided sufficiently reliable data for A. al bi da at Mafiga.stem)

root samples basedinconcentrations on eightMean nutrient were
lateral roots and a similar number for taproot. These datasamples of

useful guidance to the amount of nutrients held in thealso provide a
underground biomass.

levels differentin al bi daconcentrationThe nutrient A. tree
illustrated in Table 12. As in other nutrient studiescomponents are

(Lundgren, Grubb and Edwards, 1982) and temperatefor tropical 1978;
1973;(Leaf, andFrancis Baker, 1982),ecosystems the highest

for all nutrients studied were in the foliage.concentrations In terms
of nutrients in the aerial tree components, the following decreasing

order prevailed: foliagae brushwood > branches > stem. Similar>
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trends for other species have been reported (Woodwell et al.,tree
1977; Madgwick et al, 1977; Maghembe et al., 1983; Nwoboshi, 1985).

With regard individual nutrient concentrations in all aerial treeto
components, the following was the order in a decreasing manner:

In the root tissues, individual nutrientN K Ca > Na > Mg > P.> >

concentrations decreased as follows: N > K > Ca > Mg > P = Na.

and Na concentration showed little variation between theMagnesi urn, Ca

while N, P and K concentrations showed high variationtree components,
This could be attributed to the fact that after uptake, N,(Table 12).

K are normally redistributed to a considerable extent within theandP
Mg and Na are redistributed only to a verywhileplant tissues, Ca,

Variation in theGrub and Edwards, 1982).(Hill,smal 1 1980;extent

also depends on thetree componentsconcentration betweennutrient

the tree components (Grubb andinof livingratio to
That is why nutrient concentrations of most elementsEdwards, 1982).

the leaves (with a lot of living cells) but low in theinhighestare
wood portions that contain little living tissue.

is possible that the foliar concentrations of N, P and K reported inIt
on the high side, while for the perennial tissuestudy could bethis

side. This is so because the sampling oflowthethey could be on

few weeksdoneti ssues awas

At this time, these elements are translocated out ofdeciduous period.
to the leaves (McColl, 1980; Alban, 1985).the perennial tissues The
Mg and Na for both foliar and perennial tissuesof Ca,concentrations

reliable because these elementscould easilybe notmore are
translocated within the plant.

dead tissues

after the leaf setting following a
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deciduous species like A. albida, 1t is recommended that foliarFor a

should be done several weeks prior to leaf fall (McColl, 1980;sampling

For N, P and K, this is a time of relative stability inAlban, 1985).

of the perennial tissues, the convenient timeconcentration. Incase

for sampling is during the leafless period (Alban, 1985). During this

time, nutrient concentrations remain relatively constant and short term

fl uctuations due translocation environmental conditionsto or are
minimized.

Generally, 1ittle work has been done on the nutrient concentrations in
albida, and we are unaware of information other than data on foliageA.

Even then, the only concentratlions reported are fornutrient content.
The N and P concentrations obtained for foliage in thisandN, P Ca.

higher than those reported by Giffard (1964), and Radwanskistudy are

But the Ca concentrations obtained in this studyand Wickens (1969).
the values reported in those studies (Table 3).lower Thesethanare

differences attributed in part to sampling of the tissues atbecan

different times of the year.

other tree legumes (MaghembeWhen compared to

Alpizar et al.,Lulandala, 1986) and other multipurpose trees1985;

(Chijioke, 1980, Nwoboshi, 1985), the nutrient concentrations of

albida reported the range of values reported inA. here
studies (Tablethose These values are also comparable to those3).

reported for tropical forest trees (Ovington and Olson, 1970; Stark,
Golley et al.,1971; 1975; Lundgren, 1978). See also Table 2. The

only exception is possibly the high N concentration in the foliage

reported in this study.

et al.., 1983; 1986;

are within
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di stributionThe
in Tables 13 and 14. The quantities of nutrients associated withshown

albidaA. at

39.4, 156.7,262.9,

Na respectively.
8.1, 54.3, 23.5, It is apparent that85.0,
contain substantial amounts of mineral elements, especially N, K,roots

The results alsowhen compared to the other components.and Mg,Ca
aboveground biomassof elementsthat the in theshow most are

brushwood, lower amounts in theand withaccumulated in the stems

is expecteddistributionand foliage. Thisbranches
contents in biomass is directly related to boththe nutrientbecause

In caseconcentration and weight of the component parts.the nutrient
albida, much of the aboveground biomass (about 70%) is accountedof A.

for by the stem and brushwood.

nutrient pools influencednotpresent study, treeIn the were
It has been widelyassociated crops (Table 13).significantly by the

many forest species especially trees are deep rooted andbelieved that
not compete with crops if they were put under intercropping in anwould

But evidence isBerendse, 1979).1977;(NAS,agroforestry set up
this is not true and that the fine feedingshow thatbuilding toup

trees and crops are closely interacting in the top soilof bothroots
1987).Lulandala, 1985; Jonsson It is(Russel 1, 1977;

will compete strongly with food cropssuspected thattherefore trees
That competition is not apparent here isfor nutrients

soil in sufficient supply.thepossibly because It
due the fact that A. albida trees are less activeal so be tocould

food crops are growing, becoming only activephysiologically when the
during the dry season when crops have been harvested.

The corresponding values for belowground biomass are
8.1 kg ha~L

et al.,

of mineral contents according to tree components are

aboveground biomass at the closest spacing (4 x 4 m) are
97.4, 57.6 and 73.8 kg ha“^of N, P, K, Ca, Mg and

and water.

18.1m and

nutrients were

of elements



102 -

concentrations, accumulation and distribution of nutrientsoveral1The
various components of A. albida biomass observed in the presentin the

(Tables 12, 13 and 14) are comparable to those reported for otherstudy
(Chijioke, 1980; Maghembe et al., 1983; 1986;multipurpose trees

Alpizar et al., 1986) and for tropical forest treesLuiandala, 1985;
and(Ovington

1978).

Nutrient budget and soil nutrient reserves in the stands of5.4
A. albida

site degradation resulting frompossible nutrientConcern over

under short rotations anddepletion through frequent crop harvests
been registered (Switzer and Nelson, 1973;coppice regenerations have

1982). Applications of commercial1977; HookKimmins, Van
replenish depleted nutrients and maintaininorganic fertilizers to

productivity of affected sites has been suggested (Francis and Baker,
1982).

nutrient depletion through harvesting depends on what treeHowever,
is removed or left on the site. Two harvesting possibilitiescomponent

could be adopted for A. albida:-
Complete aboveground utilization involvingbiomass removal of
stems, branches and fuelwood,brushwood for and foliage for
fodder;
partial aboveground utilization involving lopping ofbiomass
branches and brushwood for fuel wood; and foliage for fodder.

The frequency of harvesting for both options will depend on the
coppicing ability of A. albida.

Olson, 1970; Stark, 1971; Golley et al., 1975; Lundgren,

et al.,
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Table 26 shows the amount of available bases, phosphorus and total
nitrogen the study site to a soil depth of 180 cm (zone occupied byat
tree The content for N may be considered a total soil pool ofroots).

whileN, the of P,contents K, Ca, and MgNa are exchangeable
quantities. A comparison of the quantities of elements that could be

removed in fuelwood and fodder harvest versus the quantities of thea
elements found in the soil (i.e. removal versus supply) is alsosame

shown Tablein All calculations are based on a spacing of 4 x 426.
For option one, element removals represent 2.3, 7.3, 4.9, 0.7, 2.3m.

5.47,and of the N, P, K, Ca, Mg and Na soil quantities respectively.
Corresponding values for option are 1.7, 4.3, 3.0, 0.5, 1.3 andtwo
3.2%. Obviously, option one is more intensive and is likely to result
in removal of more nutrients from the site. Overall, however, thethe

removedof smal 1quantities nutrients that they beare so can

It also appears that the combined harvestingconsidered insignificant.
food from the site does not result inandof componentstree crops

ofsubstantial soi 1 nutrients. Using nutrient concentrationlosses
food crop (maize and beans) reported by Ahimana (1982), thevalues for

harvesting ofcombi ned tree components (option one) and maize removes
10.9, 1.0, 2.6 and 5.5% of the N, P, K, Ca, Mg and Na8.5,about 2.5,

quantities respectively. Corresponding values obtained when beanssoi 1
an intercrop are 2.4, 8.8, 5.4, 0.8, 2.3 and 5.47O.used Theseasare

based factcalculations the that residues are alsoonare crop
removed during harvest. If this is the case, then thenotcrop

nutrients exported from the site will be less than thoseofquantities
quoted above.
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Generally, of nutrients from the site due to harvesting of treeexport
and foodcomponents be negligible. In case of A.tocrops appears

al bi da these loses because the species addsare
nutrients the site through substantial amounts of litterfall and byto
its ability to fix nitrogen.

of nutrients from the site can also be minimized by making sureLosses
are left on site after harvest.residues However, nutrientthat crop

rate and frequency ofnot only dependimprover!shment will theon
al so nutrient capital andof butnutrientsharvest export on

artificial means (Alban, 1982; Francisnatural andadditions through
It will also depend on1986).Lockaby and Adams,and 1982;Baker,

losses through leaching (Likens et al., 1977). Estimates fromnutrient
927o of nitrogen will still be in theaboutstudy indicate thatthi s
tree component and crop harvest; andduelossessoi 1 pool after to

The above calculations also took into account the amounts ofleaching.
fertilizer added to the stand from time to time.

The infl uence of Acacia al bi da trees on the yields of maize5.5
and beans

-1 for beansThe crop
343 It is(Table and from16) to

in some of the years, the yields of both maize and beansthatapparent
This has been correlated to the low rainfall recordedlow.were very

(Table 18). In some years, however, the maize andduring these years

yields in this study varied from 143 to 409 Kg ha
956 Kg ha“lfor maize (Table 17).

bean yields were comparable to mean peasant harvests which are at most 
800 Kg ha-lfor maize (Maghembe and Redhead, 1982.)

further minimized
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The food crop yields reported here are much lower compared to reports
elsewhere (Poschen, 1986).

in the range of 1,920 to 3,400 Kg ha .were
(1978) production ofreports 700a
Miehe (1986) harvested 650 to 900 Kg ha

be attributed part to site differences.i n Mean annual rainfallcan
figures reported by Poschen (1986) ranged from 600 - 1,000 mm, while

those reported by Miehe (1986) ranged from 600 - 900 mm. Mafiga is
considered cultivation zone due to a generally lowoutside
and unreli able usually 500 - 1,200 mm, with a mean of 860 mmrainfal1

evapotranspiration in excess of 1,450 mm.and estimated potentialan
low crop yields recorded in thisThi s for themi ght be the reason

study.

with A. albida shows nobeansintercropping maizeSix of oryears
crop yields attributable to the trees (Tables 16 and 17),reduction in

at the closest tree spacing of 4 x 4 m. There are various reasonseven
of its exceptional phenology, the competition forfor this. Because

by A. al bi da trees may be negligible during the rainy season whenwater
tree utilizes waterthe sametime, thefood Atgrown.crops are

from deeper soil horizons by means of its deep taproot (Miehe,reserves
The other factor is the absence of shading of the food crops by1986).

virtually leafless of A. albida during theThethe trees. crowns
that the crops enjoy full sunshine and the shadegrowing season means

is negligible. It has been found that a light shadeon the cropscast

of radiation reaching the soil.increases the amount This reduces

light andforcompetition nutrients, and gives better light

distribution and a lower humidity (Stigter, 1984).

In other studies, Felker 
ha-1 of millet and

Maize yields reported by Poschen (1986) 
 -1

to 1,100 Kg

Differences in crop yields

the maize
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These findings in strong contrast to those reported for many treeare
usedspecies in intercropping with food crops. Leucaena leucocephala

cl ose been significantly reduce yields ofat spacing has

1977, Escalda, 1980),(Benge, maize 1981;cassava

Lulandala, (Kang et al., 1981) and beans (Lulandala,1985), cowpea
1985). and Okali (1985) observed poor performance of maizeVerinumbe

Similarly, King (1968)among coppiced (Tectona grandis) regrowth.
responsible forindent!fied be a

conclusions reached by these workers seem to indicate that the foodThe
were more affected by shading and competition for space more thancrops

and nutrients.growth factors chiefly waterfor othercompetition
(1985) concluded that competition for light was aOkal iVeri numbe and

these intercroppingcompetition incritical factor than rootmore
and the other trials did not include detailedalthough thismixtures,

from nutrientcompetition emanatinginterspecificstudies on

competition.

results of this study is thetheaboutstriking featureThe other
of increased food crop yields usually associated with A. al bi daabsence

have reported increased yields of food cropsSeveral workerstrees.
the tress (Robertson, 1954; Felker, 1978; Poschen, 1983;beneathgrown

reported a 76%In Ethiopia, Poschen (1986)1986).1986; Miehe,
a 367o increase in the yield ofandi ncrease in

Higher increases are reported from Senegal where Charreau andsorghum.
Vidal (1965) reported on an increase of 250% in the yield of millet and
Poschen (1983) reported 100% increase in the yield of sorghum.

(Kang et al.,

the yield of maize

teak (Tectona grandis) canopy to 

reduction in yield of interplanted maize.

found to
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There possible for these differences. The trees in theare reasons
present study comparatively younger than those in other studies.were
Therefore, the associated rhizosphere benefits usually associated with

large A. al bi da not fully developed.had Whereas the trees intrees
thi s study only six years of age, those of other studies were atwere
least (1986) stressed the fact that A. albidaPoschentwenty years.

need 35-40 years to grow to a size which can significantly improvetrees
The food crops in the present study wereyields of underplanted crops.

rows of the trees as opposed to growing them directlyin betweengrown
other studies. The otherreported inbeneath tree canopiesthe as

studies weretrees used in otherpossibly be that thecouldreason
It is possible thatscattered throughout the farmlands.isolated trees

some of these cases, domestic animals concentrate around Acacia treesin
out and consume pods (Wickens, 1969).seekduring the dry toseason

animals contribute to soil fertility around the treesConsequently, the
with dung and urine.

leucocephala whereunlike Leucaenacould that,beAnother reason

ha —1 is attained at Morogoro (Hogberg andN-fixation of 110-180 Kg
relatively lower levels of N are1985),Lulandala,1982;Kvarnstrom,

at Morogoro (Kiriinya, 1983). However, results offi xed by albidaA.
andstudy indicate that the food mai ze beans,the can becrops,

intercropped with albida without significant losses inAcacia trees

yield.
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5.6 The influence of Acacia al bi da trees on soil fertility

within the stand

the of six years, A. al bi da trees had not shown any significantAt age
i nfluences on the concentrations of the studied elements in the top soil

But at the deeper soil layers (15-60 cm)(0-15 Table 19.Seecm).
al bi da trees had significantly higher amounts of organicwith A.areas

calcium when compared with areas withoutcarbon, total nitrogen and

These observations support earlier reports(Tables and 21).20trees
al bi da trees tend to have more organic carbon andthat soi 1 s under A.

Vidal, 1965; Jung, 1967;andtotal 1960; Charreau(Dugain,nitrogen

and Wickens, 1969); and higherDancette Poulain, 1969; Radwanskiand
calcium concentrations (Anonymous, 1974; Felker, 1978).

significant differences existedelements,for allBut the other no
However, in most of the cases,between withareas

of the elements in areas with trees were higher thanthe concentrations

differencesalthough thesethose were noti n without trees,areas
The absence of a statistically significantstati stically significant.

these elements could be attributed toofdifference in concentrations
influences of the soil (Thornley, 1978; Hagin, 1982). Itthe buffering

properties prelude rapid changes insoilpossible thatis certain
chemical properties. Other factors which can account for this are:-

young age of the trees (six years) as compared to those reportedthe
in other studies;
soi 1 samples the other studies were taken directly from beneathin
the tree canopies which was not the case in this study;
and it is also possible that if the soil samples had been taken from
plots with 4 x 4 m spacing instead of 5 x 5 m, a different picture
might have emerged.

and without trees.
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Nevertheless, it is apparent that the present values may be a trend
which will undoubtedly show as the stand grows older.
5.7 Root distribution of individual Acacia albida trees in

the soil profile

of A. albida trees were found to be concentrated in theThe fi ne roots
This distribution pattern of finesoil (Figure 2).of30 thetop cm

similar to those reported for other tree species notably Pinusi sroots
radiata1978); Pinuslusitanica (Lundgren,patula and Cupressus
Similarleucocephala (Lulandala, 1985).(Nambiar, and1983) Leucaena

reported by Jonson et al (1987) for four tree speciesresults al soare
They compared the vertical distributionand at Mafiga, Morogoro.mai ze

roots (< 2 mm in diameter) of four tree species (Cassia siamea,of fine

leucocephala and Prosopis chilensis)Eucalyptus tereticornis, Leucaena
trees were found to have a rooting patternTheofwith that mai ze.

is, a slow decline in fine root biomasssi mi 1 ar that of maize, thatto
On average, the fine root biomass of thedepth.increasing soilwith

species were roughly twice that of maize. From thisoldtwo-year tree
the tree species are likely to competeapparent thatstudies, it was

and other crops with a similar rooting pattern for nutrientswith mai ze
in the present study, therefore, do notand observationsThewater.

the contention that trees have few roots, especially fine roots,support
Root competion between A. albida trees and the cropssoi 1.thein top

be expectedtherefore,can,

closely interacting in the top soil.
since the fine feeding roots of both are
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Acacia al bi da root system consists of a well developed taproot with

large lateral roots growing downwards. Few lateral roots occur near the

sol 1 surface, with a majority of them occupying the deeper soil layers

(Figure Most of the lateral roots extend more or less equidistantly6).
around the Certainly, ofthe retention the taproottree. seems
des1rable for like A. albida planted on poor sites. A deepspeciesa

root system enhances utilization of dry sites because the lowervertical
of soil moisture available only tosol 1 profile represents a reserve

The uniform distributionplants with a deep root system (McMinn, 1963).
root system of A. albida through the soil profile and the higherof the

depths greater than 20 cm maybiomassof total atproportion root

nutrients from deeper layers of the soildrawreflect the ability to
over a long period of time (Shukla and Ramakrishnan, 1984).

of A. Albida trees to foodbenefitsthethatIt, therefore, appears

could be attributed to the fact that thethemintercropped withcrops
time when the crops arephysiologically less active attrees aare

growth in the dry season long after theactivegrowing. They resume

There is, therefore, limited directharvested.food beenhavecrops

the crops for nutrients and water.andthebetweencompetition trees
trees to crops could also be attributed to other typesThe ofbenefits

like exchange of metabolites in the soilof plant: interactionspl ant

fixation and enhancednitrogen viasoilenhancedvia mycorrhizae,

rhizophere activities.
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CHAPTER 6

CONCLUSTIONS AND RECOMMENDATIONS
6.1 Conclusions

The principal results and conclusions of the study are as follows:-

the age of six years, Acacia al bi da had attained a mean height of1. At
8.41 m and a mean diameter at breast height of 10.7 cm.

the growth of Acacia al bi da trees nor the growth of the food2. Neither
crops (maize and beans) were affected by intercropping.

albidaproduction of Acacia were nottreesvolumeand3. Biomass
by intercropping with food crops, but were affected by treeaffected

highest values for bothspacing theclosestspacing. The gave
parameters.

yield of maize or beans were not affected by the presence of the4. The

seemed to relate more to climatic factors and especiallybuttrees,

rainfal1.

K, Ca, Mg and Na in the biomass was asof N, P,di stribution5. The
15%, brushwood, 22%; branches, 14%; stem, 29%; andleaves,fo11ows;

roots, 20%.
foliage for fodder, and brushwood, branches and stem forofRemoval6.

80% of immobilized in thethe nutrientsaboutfuelwood removes

But removal of brushwood, branches and stemwood for fuelwoodtree.
alone removes about 65%.

branch and stem volume of one hectare of a six-yearclearfelled,If7.
4 x 4 m spacing and under intercropping withalbidaold Acacia at

stands which is sufficient for annual fuelwood24.9mai ze at
needs of 2-4 households.

-3 m
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8. At the of six-years, Acacia albida did showtrees notage

significant influences the fertility of the soil in the stand.on
It considered1 s that at this age, the trees are too young to have
had significant impacts on the soil.

9. albida root system consists of a well developed taproot withAcaci a

root system was uniformlylateral growing downwards. Theroots
distributed soil profile at Mafiga, but with a higherthewithin

The finelateral roots at depths greater than 20 cm.proportion of
roots, however, are concentrated in top 30 cm of the soil.

6.2 Recommendations
The following recommendations are applicable:-

with major staple foodalbidaplots growing Acacia1. Demonstration

similarcountry and elsewhereselectedin areascrops

These trials should beMafiga can be established.climatically to
geared towards:-
assessing the growth and yield of both the tree and the food crops,

implications for siteflow and long-termnutrientassessing the
with varying soilbudgets and productivity innutrient areas

nutrient reserves,
quantifying drains of nutrients due to Acacia albida growing inand

conditions so that patterns of variation in thisdifferent climatic
be identified and predicted on both regional andcharacter!Stic can

local scales.
albida growth and production for moremonitoring of Acacia2. Extend

reliable projection of long-term growth and theenableto ayears

influence of the trees on soil conditions.

of the
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8. didal bi daAcacia showAt the of trees notsix-years,age

fertility of the soil in the stand.significant theinfluences on
that at this age, the trees are too young to haveIt consideredis

had significant impacts on the soil.

root system consists of a well developed taproot with9. albidaAcaci a

root system was uniformlygrowing downwards. The1ateral roots

profile at Mafiga, but with a highersoildi stributed thewithin
The finelateral roots at depths greater than 20 cm.proportion of

roots, however, are concentrated in top 30 cm of the soil.

6.2 Recommendations
The following recommendations are applicable:-

with major staple foodalbidaplots growing Acacia1. Demonstration

elsewhere simi1 arandof the countryselectedin areascrops

These trials should beMafiga can be established.climatically to
geared towards:-
assessing the growth and yield of both the tree and the food crops,

implications for siteflow and long-termnutrientassessing the
varying soilproductivity in withbudgets andnutrient areas

nutrient reserves,
quantifying drains of nutrients due to Acacia albida growing inand

conditions so that patterns of variation in thisclimaticdifferent
be identified and predicted on both regional andcharacteristic can

local scales.
Extend monitoring albida growth and production for moreof2. Acacia

enable reliable projection of long-term growth and thetoyears a

influence of the trees on soil conditions.
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