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Foreword

Among the many transformatrons .that mankind has wrought on thls i
earth, none is-so vivid and bewildering as those made inf the fandseape.- e i |
To meet their daily requirements for food, our ancestors hunted the ani-: "~

.’mals of the wild, slashed and burned parts of their surroundﬂm ago. bare © . v
the ground for cultrvatron and cut down ther forests for fuel and™s elter_ ,
necessary for survival. | RN
+ Qur ancestors may have beheved %‘hat the land had t'é power to regener- ol
aferespecially if the intervals between thea pel'lOdIC depredations were. long B
enough for the ndtural ecosystem to reestablish itself. But during the last K

. century,’ there “héve been rapid and extensive mroads into hithertor un- - .
touched and unspoiled forests in the name of econormc development and inn
som@ instarnces, for pleasure. / N

In the less-affluent nations of the world, the last half—century has seena. =
steady increase in human population. Thrs has affected the. avarlablhty.
of food, shelter, and fuel. Small- and large-scale farming; as'well as excessive ‘ s
exploitation of forests, is- already . affecting the supply of fuelwood upon $ U i
which many of the less fortunate depend for their source of energy. . i

More than one-third of the world’s population depends on wood for - S
cooking and heating. Eighty-six percent of all the wood consumed annually .. .- -
in the developing countries is used for fuel, and of this total at least half:is s
used for cooking. Thessituation is growing so desperate that-wood is poaehed L
from forest reserves; hedges planted around homes are stolen at’ nlghf and
even scaffolding is stolen from building sites to meet shortages n f1rewood o
supplies. , e - ‘ ’

In the face of global concern over the- dwmdhng supply of. fuelwood the:-r*i :
rate of forest decimation to providé basic human necessities ‘in developmg U

~ countries is alarming. We must look upon woody plants ds, renewable Te~ i
sources that, if effectively managed, could alleviate the problem riot only for,“‘*“‘*
~ the present, but for posterity. : T i

We hope this report will prove useful to developing countnes by sugges\t«h~

ing .potentially- s1gn1frcant fuelwood candidates for introduction to surtable' o
~environments.—This report—should—stimutate~initiatives for- Jrestormg—ourf;.,.
renewable resources and increasing the world’s supply of fuelwood. TR

On behalf of the members of the panel I would like to thank the Natronal o
Academy of Sciences for recognizing this subject as one of the most 1mpor—
_ tant problems facing mankind taday and for giving the: panel the opportun-'
g ity to help bring this 1nformat10n to the attentlon of those who need“'t mo

EDWARD S. AYENSU, Chairman
Panel on Firewood Crops




-and foresters askmg their suggestions for species that m1ght become 1mpor-

ing them as a guide, the panel selected the species included in this book.

Preface - = .-

RN

No less than one and a half b#tlion people in developmg countries’ denve at
least 90 percent of their energy requirements from wood and charcoal. An-[
other billion people meet at least 50 percent of their energy needs this » way
Indeed, it has been estimated that at least half the timber cut in the world
still serves its original role for mankind: as fuel for cooking and heating*" *,* e

This essential resource, however 1w seriously threatened The developmg
world is facing a critical firewood shortage as serious as the petroleum crisis.
The growth in human population is far outpacing the growth of new trees— .
not surprising when the average user burns as much as a ton of firewood a
year. The results are sdaring prices for wood, a growing drain on mcomes and <
physical energy expended to satisfy basic fuel needs, the wasteful burmng of -
animal manures to cook food rather than produce it, and an ecologlcally
disastrous and potentially irreversible spread of treeless landscapes: . i

If the pace of tree planting around the world isnot greatly accelerated‘ a
recent paper from the World Bank says, “By the turn of the century,at least
a further 250 million people will be without wood fuel for their minimum
cooking and heating needs and will be forced to burn dried ammal dung and
agricultural crop residues, thereby further decreasing food crop yields.”t il

This report does not suggest a solution to_ the whole-firewood crisis. It ex-. . - :
amines but one part of the solution: the selection of species suitable for de- o
liberate cultivation as firewood crops in developing countries. : '

The panel that produced the report met at Airlie, V1rg1n1a in July 1977
Prior to the meeting, an inquiry was sent to several hundred plant: scientists:

tant sources of firewood in the developing world. About 150 responses were =
received, containing nominations for over 1,200 species. Of these about’ 700;  e
were given top tanking (see Appendix 4), 51gn1fy1ng that they are potent1allyf.
valuable firewood crops that deserve increased recognition and research Us-

anaﬁy emphams here is on species suitable for growing firewood for v
individual family needs. However species su1ted to plantatlon cultlvatlon for

*Eckholm, Erik. 1975 The Other Energy Crisis: Firewood. Worldwatch Paperl Wprldwatch Instrtute
Washington, D.C. : -

TSpears 3. 8. 1978. Wood as an Energy Soiircé: Thé\Sttuanon in the Develop‘mg'World’ Presen't‘ed't‘
the 103rd Annual Meeting of the American Forestry" Assocmtlon Hot Sprmgs, Arkansas October 8
1978. St 5
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fueling small industrial tactones electrrc generators and Crop. dners are also
considered. Most of the plants are lrttle known in- trad}‘uonal forest produc-~ '
tion. Some are woody shrubs rather than forest trees, but even these many--
branched, crooked, sometimes short-lived species may meet many requlre-, b
‘ments for small-scale village use. ‘ o
The pa[nel particularly looked for: .
5 | o
e Multiple-purpose plants that have uses in addition to providing fuel;
e Planfts thaf adapt well to different sites, that eitabhsh easily, and that
require lrltle care, , -
o Plants for problem énvironments such as steep h1llslopes low-nutnent
,O7 toxic soils, arid zones, and tropical h1ghlands and T

 Plants’not consumed by goats and wrldhfe

\
R
.

Special‘; consideration was given to'such cllaractEIistics as:

e Nitrogen-fixing ability; ’ e e _ .
. ¢ Rapid growth? , ;o o S

e Ability to coppice; .-- .

Ability to produce wood of high CalOI‘lfIC value that burns w1thout S
sparks or toxic smoke; and , : - ‘*“"

. Ablhty to grow successfully in a wide range of envnonments 1nclud1ng |
different altitudes; soil types, ramfall regimes, amounts -of sunhght and
terrain. ,
. ‘ I : -

ln producm0 this report the panel had in ngind those sites now. causmg
the greatest concern: where fuelwood has vntually dlsappeared The report .
therefore concentrates on new” plantings. There "are, however, large areds’ ',_-
where tree resources still exist that, with careful husbandry, c¢ould be main-
tained as fuel resources. Moreover, there is scope for harvestmg flrewood as
a by ‘product of industrial logging and of conventional plantatlon forestry
The potential for producing fuel from these cconditions is also i 1mp rtant for
readers to consider. : ‘ SN

An alternative and complementary approach \to the flrewood CI‘lSlS 1s the
substitution of well-designed stoves, kilns, or boilers for the generally mefﬁ- S
cient devices now widely used. Some promrsmg fuel-efficient devices are de-w -
scribed in Appendix 1. : : L :

This is one in a series of réports that 1dent1f1es unconventlonal SCle]ltlfIC
research with promise for developing countries. In each study, ‘the expenence
" “and knowledge of distinguished scientists is- incorporated in’ a book that
provides new ideas for decrs1on makers. Publications that contaln 1nform :
tion on some exceptionally promlsmg frrewood species and related techn olo
gies* are: ‘ 0

B 25

*For information on how to order these and other reports see page 234

viii






natronal Development Research Centre, Canad:

o th1s velume will alsobe-welconte. Comments shopld be sent to the Staff Ofﬁ-_‘

- krjown b\lt apparently promrsrng trOprcal tree crops and another stddy on‘f’ S f

shrubs and trees that will describe species not covered in this report o

I The pre§ent report was prepared under a contract with the, (Dfﬁc ‘ k
e ce and Technology, Development Support Bureau, Agency for‘\ ter
national Development. Travel funds for John Bene were paid by /the Interw"“'v"’ )

The final text was edited and prepared for pubhcatlon by F Ruskrn
The cover art was prepared by Debble Hanson and Wendy D. Whrte edrted'
the brbhography

Most of the plants. descrrbed in thrs report are SO llttle known that 1nfor-‘
matlon about their requirements and performance in fuelwoo plantatlons
1s sparse The panel would ‘greatly apprec1ate ‘hearing from Teaders havmg )
useﬂul additional detgfls for inclusion in subsequent editiens bf this r report ,
Suggestrons and infprmation from readers -about specres rlot coVered\rn

cer, Dr. Noel Vietmeyer, National Academy of 801ences 2101 Constrtuthn_;
Avbnue Washmgton D.C. 2041‘8 U%A | . / S
{in WARNING»_fE’ [ R T

/If misunderstood, this book is potentrally dangerous. Because of the |
severity of the firewood crisis, the panel has selected trees and shrubs that : ,
are aggressive and qurck-growmg These seem apprpprrate for cultlvatron in »
areas of extreme fuel shortage, particularly whfre climates "and soil COI‘ldl— i :
t:tons are harsh. But in more equable environments and where no fuelwood
s/hortages exist, such potentially invasive plants should be mtroduced only ‘
-with great care. The threat of their weediness is too /great In any trla]s
fuelwood plantations local specres should always be gl}Z n first prlorlty |

*This report, now 1n preparation, examines the use of charcoalf and wood fueled producer gas umts"’;
for powering vehicles. 1. R :
tAlso in preparation, ‘this report descnbes the experiences, notably i Canada the Umted States,k,j
Australia, and New Zealand, with estabhshmg forests by broad7ast1ng seed from an'craft S
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- Introduction

ERIK ECKHOLM

—

For more than a third of the world’s populatxon the real energy Crisis is a
daily scramble to find wood to.cook meals. Drplomats economists, and the
media have given little attention te the scarcity of firewood, but the problem
is enormous, if less dramatic than the scarcities of food or oil. As one Indian =
official has expressed the problem, which gets worse each year, “Even if we
somehow grow enough food for our people in the year 2000, how in the
world will they cook it?” . . . t¥

Most people in the industrialized nations have no idea how important fire-
wood is to the less-developed countries. In most poor countries today, 90 -
percent of the people depend on firewood _.as their chref source of fuel, and
each year the average user burns anywhere from a fifth of a ton (in extremely

~ poor, wood-short areas such as India) to well over a ton (in parts of Africa
and Southeast Asig). An Kmerlcan may use far more than that in .an open
fireplace, but a ton per user is'a huge amount when multiplied by hundreds
of millions. The firewood “‘crisis} is thg total of thousands of 1ocal and re-
gional scarcities that are becommg steadﬂy moreé serious.

Firewood scarcity is probably most acute today in the countries of the i v :

"Indian subcontinent and in the semiarid stretches of Africa below the - e
Sahara, altliough it affects mahy other ar as as well. In Latin America the ’ :
scarcity of wood and charcoal is a proble - throughout most of the Andean
region, Central America, and the Caribbean. One of the obvious results of @0
this scarcity is .that as firewood prices rise, so does the economic burden on
the poor. In some cities the price of firewood has risen by more than 300
percent in 2 years. Government agencies have collected few statistics on this "
trend, but flrewood prices seem to be rising beyond the reach of many crty ~
dwellers, o

In.some cases, the rise in the price of fuelwood has been prompted by the
rising cost of imported kerosene, the prrrrclpal alternative energy $ource for
the poor. But firewood prices have often risen faster than kerosene prices, a« e
fact that reflects the growing difficulty with which wood'is procured. Gather- - -
ing firewood is now an entire day’s-task in somegnountam villages of Nepal
a generation ago the same expedition would have taken an hour Or two.-— 4 ..

Erik Eckholm is a member of the NAS Firewood Panel. This mtroductlon is derived from somé’ of hlS
recent magazme amcles . i

it
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Coaxing a cooking fire to life on a desert in
North Africa, a Tuareg mother makes use of
every twig; A nomadic people, the Tuareg
must carry water and firewood with them as
they travel. In many parts of the Sahara
_region, the average family spends a fourth
of_its income on the wood and charcoal re-
quired far fuel. (V. Englebert)




Sahara, Tuareg girl, collecting camel dung. In the absence of wood in many. developmg' ;
countries, manure is used for fuel and the land is robbed of sorely needed nutnents
- (V. Englebert) ‘

-

Throughout most of Asia, Afﬁca, and Latin Amer,icé, those who can 50531—“
" bly pay the price for wood and charcoal do so, spending much of their in-
come for fuel, and thereby foregoing consumption of other essential goods.
Wood is simply accepted as one of the major expenses of living. In Niamey,
Niger, the average manual laborer’s family now spends one-fourth of its in-.
come on firewood and charcoal, which merchants bring into town by donkey
cart and truck. Those who cannot pay may serid their children (or hike into
the surrounding countryside themselves) to forage fuel—if there are enough
trees within a reasonable walking distance. Otherwise, they may scrounge
about the town for twigs, garbage, or anything else that burns, includihg, in
some towhs, bark from the ornamental and shade trees that line the streets.

In the past, most firewood was burned in villages. But as wood prices in',‘q
the towns go up, ‘landowners naturally find an advantage in carting their. avail- -
able timber to the nearesf town to sell instead of giving it to rural laborers. .
This commercialization of firewood raises the hope that entl(epreneurs w111.‘1kf
start to plant trees to develop a profitable, labor-intensive business,.but.so--
far the usual result has been depletion of woodlands. In elther case the rural '

4
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" agricultural system. Much deforestation is intentional, carried out to clear

poor, with httle or no cash to spare, are in deep trouble
Scarcity of firewood creates further problems. Once the farmland trees '
and the scrubby woodlands of unfarmed areas begin to drsappear both ‘the
needy and the entrepreneurs tend to poach for fuelwood in legally protected
national forest preserves. These preserves are essentral to the economy afid
the ecology of a country, and in India special nrobrle>guard squads and even.
‘mobile courts have been formed to stop poachers. Such measures have been -
largely ineffectual; the problem is too wrdespread and. deep rooted A R
Perhaps one reason that the firewood scarcity has not provoked erch
world attention is that the shortage appears esse-ntrally local and seems limited
in its torisequences to the actual users of the wood. But the problem is >
spreading into larger areas, increasing in severity, and exacerbatrng other :
problems. In that sense it is like the oil crisis. If dwindling 01l Teserves threaten
the product1v1ty of our industrial system, the deforestation that results in
part from gathering firewood threatens a significant portion of the world S

~more land for agriculture. Some clearing and a great deal of, woodland deple-,
“tion, however, occur because wood is needed for fuel, and the frequent result ..
is reduced productivity of the land;jbecause of accelerated soil erosron in-
creasingly severe flooding, and creeping deserts. I
Throughofit the sub-Saharan fringe of Africa, from Senegal to Ethropra
people living in towns like Niamey are inadvertently contrrbutmg to the cre-
ation of desert-like conditions in a wide band below the desert’s edge when-
ever they buy frrewood Unlike oil, wood is not slupped thousands of mrles

mall “stoversrzed” ones because villagers lack the saws wedges ‘and other tool"

A to hand’re them easily. (F. Mattioli, WFP photo)
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but in some areas it is used to make charcoal, whroh is often transported
hundreds of miles. Virtually all trees accessible for road transport within 40
kilometers of Ouagadougou, Upper Volta, have been consumed as fuel by
the city’s inhabitants, and the circle of land that has been “strrp mined” for“
firewood without being reclaimed is still expandrng
In the absence of suitable alternative energy sources and all-out efforts to S :
disseminate more-efficient cooking stoves, future firewood needs in develop- g
ing countries will be determined largely by population growth. The popula- :
tions in many of the countries facing the most severe wood shortages‘mayf V
double over the next 25 years; putting unbearable pressuses on their remain-- ' o
ing woodlands. It should be -obvious that the risein energy demands, includ-
B ing demands for firewodd, could be partially curbed by family planning. +
The scarcity of firewood has damaged some countries in-another way be- -t
sides through deforestation. Throughout much of India, Pakistan, and Bang- .~
ladesh, one often sees pyramids of hand-molded dung pattiés drying in the = . -
sun. In many areas these dung cakes have been the only source of fuel for
generatrons but as populatron increases and supplies of firewood decrease
farmers who once returned all or part of the available dung to the- so1l have
been forced to use it for cooking. Between 300 and 400 million tons.of wet
dung—which shrink to 60-80 millions tons when dried—is annually bumed.
as fuekin India, robbing farmland of nutrients and organic ‘matter. deiidng -
only at this direct economic cost, it is easy to see why the country s National - ..
Commission on Agriculture recently declared that “the use of COW dung as a-
source of noncommercial fuel is virtually a crime.” ' : ~ s
. Fortunately, trees, when properly managed, are a renewable Tesource. The i
immediate logical response to the ﬁrewood shortage, one that will. havek'_
many incidental ecological benefits, is to plant more trees in plantatlons on :
farms, along roads, in shelterbelts, and on unused land throughout the rural +
areas of poor countries. For many regions, fast-growing varieties of trees are =
avarlable that can be culled for firewood in less than 10 years ~and some QR
specres Sprmg back without replantrng : . e
\ The concept is simple; its 1mplementatron is not. The governments of
' nearly all the wood-short cduntries have had’ tree-plantmg programs--in'some . ; .
~cases for decades But problems have plagued these programs from the begin- L
*nmg One is the sheer magnitude of the need for wood and the. growth in. 0
demand The 1ncrease\1n population has srmply swallowed most moderate ef- e

L

stacle to natlonal leaders ‘the increasing scarcity of frrewood does not seemf :'
to be urgent W1th Electrons to w1n wars to. ﬁght dams to buﬂd and hungry

‘ on the problem Some ecologlsts in-poor. cauntrles have been warnmg
vk - governments for years about the dangers of deforestatlon and fuel shor
but tree- plantlng campaigns.dp: not.win- electrons
T /s Even when the political will is there and the funds are allocated; ref
v _ tion campaigns are unexpectedly difficult and complex. Plantmg mﬂhons of
trees and successfully nurtuging them to- maturrty is: qu1te drfferent‘from
- such well- bounded techmcal fasks as burldmg factones and the pr'
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Gathering firewood.

top left; Obokeo, Cam-
eroon. (M. Benaissa, FAO
photo)

top center:*Southern China.
(M.B. Bullock) L

lower center: . Collecting
water and Acacia mearn-
sii branches for fuel,
rural South Africa. (R,
Poynton) : :

top right: Mountains, of -
Afghanistan.  (FAO-
photo) - B

lower right: Near Arequipa,

.. Peru. (L. Mcintyre)

bottom left:  Fuelwood
from a Cassia siamea
‘plantation for the city .of
Ouagadougou, - Upper. ..
Volta. (H.]. von Maydell) -
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too many cattle, csheep, and goats, and where rang%s\are badly over- SE
graz_ed, livestock may eat the leaves off saplings. To be successful, reforesta- ' )
tion efforts require a formidable administrative effort to protect the young ek
trees for years until they are grown—and once they are grOwn there is the i
problem of monitoring’ tlmber harvests and of systematlc replanting as the =~ T
trees reach maturity. : S : E
Reforestation also requires massive popular support. In country after coun—

“try, the lesson is plam Tree-planting programs are most successful when local
communities are most involved and when the people perceive clearly that -
success is in their self-interest. Central or state governments can proyld_e .
plans, money, and advice, but unless community members understand v(fﬁ’y‘ e
-lands to which they have tradrtronally had free access for grazing and wood =~ v

‘ zatherm0 are being demarcated into a plantation, they are apt to view the | PR
project with suspicion. — i :

“There is no single magic solution to the ﬁrewood scar01ty, but some blend

of fuel conservation, tree planting, and new technologies could certainly re- .~ =

Clax its stranglehold on any country. The failure of many affected countries L Pt '
to meet the firewoqd challenge does not, in the final analysis, reflect an ab-, o
sence of suitable technologies, but rather a falluge of political systems of so-- '

cial organization. Should ﬁrewood shortages continue to worsen; no dramatlc

event like an Arab oil embargo will flash crisis signals to the\world For the

world’s poor, the-energy “emergehcy” i$ a constant reality, one submerged

in the daily struggle to get by. A deepening firewood crisis, and the env1ron-r

mental degradation it entails, means a steady deterioration in- thexr prospects
for a better life: o S

B
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As underground fuels become more scarce and expensive; the importance .
of wood is increasing dramatically. This has catapulted treeégerWing‘ into the ,
arena of world energy productlon Trees, if better managed and utrhzed could ' i J
rapidly increase the energy -available to developing countries. And thiscould =~
be doné farrly inexpensively, without masses of foreign exchange o1 technol-
ogy, and in many cases by using unskilled workers who arcfalready available
and underemployed in countries with severe energy shortages. The additiqnal
Benefits in improved envrronment are hard to quantify but are hkely to,be
substantial. : j o o
The major concern of most governments at present is to 1ncrease and con-
serye energy supplies. Since energy for rural development has become one of L
the more crucial issues, firewood is beglnnmg to enter, the mamstream ofna-,
. tional and international priorities and pohcles Now there is new regard for .
N foresters and appreciation of the importance of their skills to a nation’s pres-
. ent and to its future. Many government ministries other than forestry have
e suddenly become interested in fundmg tree-growmg—for example mlmstnes it
of energy, agriculture, rural development conservatron natural resources G
and community services. : e e
Development-assistance agencies have also shown. a new awareness of the; .
importance of trees. They realize, for example, that it is pomtless to worryfkf
- about producing more food if there is no-fuel to cook it with, and foohsh to
invest in expensive engrneerrng projects if continual deforestation by f1rewood], o
gatherers will silt up the dams and irrigation canals and-make mountain roadsV{" o
‘ impassable because of “soil slippage. “Forestry supports- agrrculture ?said
| . Mao Tse Tung, and agncultural screntrsts and planners attest to the wrsdom‘
l ' of his words. v o Sl
All over the world foresters and even national pohtrcal leaders are begm—‘ G
\‘. ning to recognize the need to 1n¢egrate forestry 1nto rural development in
| new ways. The U.S. Congress has’ 'directedthe Agency for Internatlonal De! SN
velopment/ (AID) to focus on forestry and firewood plantatlons m its. rurall '
| development programs. The World Bdnk, the world’s largest lendmgmstrtu
. - tion, in a recent forestry sector policy’ paper_h_a_g@_n@ncedatsmienhd“f
) : multlply its support for such activities as village woodlots, farm forestry, ]
l envrronmental rehab111tat1on And in Nairobi, the Intematron‘ ncil |
i Research in Agroforestry hd been set up, armed at coordmatlng an strn‘tu
( flatrng efficient land u e throt gh combmrng wood and food prod' Ct )
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of energy, and demand will increase eltormously in the commg decades An-

deed, wood products are likely to continue as the most 1mportant unlversal

fuel for rural areas of developmg countries. /
J ohn Spears of the World Bank calcqlates that even w1th optlmrstlc assump-e '

used where ava_llable an add1t10na1 2Q =25 m1111on hectares of trees must be
planted by the year 2000. At the present rate of reforestation that is 10
times more than will be achieved.* - :

Regional shortfalls of course, may be more serious. Accordmg to the Club IR
du Sahel, tree planting i in the Sahelian zone of Africa must increase fiftyfold , g
if the firewood demands for the year 2000 are to be met.} : S

Wood can be grown where no fuel was produced before It is renewable

-and its productlon can be sustained. The Indian neem tree (page 114), ihtro-

duced to the, Accra Plains of Ghana early this century, has been providing

firewood to towns such as Kumasi (and to_villages in many West African -

countries) ever since, and the supply seems to be keepmg up with d@mand as -

the vigorous and resilient neem is reseeded by bats that eat its fruit. ‘

~ Another example of sustained firtwood production is the Paliparan area | .
in the Philippines. In the early 1920s when Leucaena leucocephala was,", ‘ S -

planted there, it was-a green~desert of Imperata grass (a scourge of the L
tropics,  known commonly as blady grass, cogon, or alang—alang) Since then g - ,
the ared.has been a productive energy forest, yielding 20 m® or more of fire- ’ s
wood per hectare per year. Even today it is the main firewood supply' for the
city of Laguna and surrounding districts. :

Wood can be a “self-reliant” fuel that requires little forergn exchange and.
is independent of the vagaries of international commerce. It does not demand ‘
a sophlst1cated distribution network ; indeed, it is the most access1b1e form of :
- energy for most rural populations in developing countries. It isa fam1har fuel e

whose use requlres few extension services, One of the cheapest.sources of . .
“energy available, it can, if necessary, ‘be used without expensive metal appli-
ances. It is one of the few fuels that an individual can produce for himself, e
Near Mendi in Papua New Guinea, thhland tribesmen plant Casuarzna oli- ©
godon (page 41) for firewood around cqmrnunlty “longhouses and 1n]4‘5v S
abandoned’ farmland. Although contact with this remote valley was made el
only in the last 20 years, today it is commaon to see tribésmen 31tt1ng besrde F

. the road surrounded by cords of firewood for sale. R - 2

Fuelwood can also provide export income. Kenya exports charcoal o
Arabian Gulf nations and Surmame regul; rly ships charco’ I'-to northem,_.‘
, Europe This can, hov«g‘? ver, be a mixed blessing. Eastern Kenya #or mstance
" has been severely denfided by .the demands! for. exports added to those fo

wood.to fuel the aréa’s cooking fires. B SIea e

Fuelwood is not limited to household use. Large energy plant tlons ar

to fuel machines such as: , L S
‘ N

SIS, Spears. 1978. ’ * ' '

TClub du Sahel. 1978. Energy in the Development Strafegy of the Sahel (Pa.ns, OCtober 1978)




Traditional cooking practices:

top lefr: [ eucaena leucocephala as firewood in tradi-
tional Filipino stove, Los Banos, Phillipines. (N.D.
Vietmever)

rop center: Nepal. (D Mason, AI'P/EYAQ photo)

top right: Mud brick rural stove, Sirs-cl-Layyan,
Manoutie. Lgvpt. (FAO photo)

hottom right: The traditional three-rock fireplace,
Upper Volta (1), Botts, FAQ)

botton cenger right. Pigeon pea stalks in use as fire-
wood, Hyderabad, tndiu. (D, Sharma)

hotrom: Jeft Makeshift stoves in {upper) Alrica and
(lower)y Latin Amerjea, (VITA)

chove: Uliong-do Island, South Korca, squid f
erman’s wite cooks) breaktust over a driftwood fire
N 4 pot titted into b cast-iron stove. (J.A. Bannjgan)

1







Marketing firewood.

top left: Yemen Arab Republic. Youthful woodcutters
in the stark mountain area between Hodeida and
Sana with branches for sale for cooking and heating
fuel. (1. Mattioli, FAO photo)

center: Limbe, Haiti. Fuel is so scarce in areas like this
that even tiny piles fetch highsprices. (M.D. Benge)

top right. Kenya town firewood and charcoal. «(N.
McKee)

center right: Scalfolding removed from construction
sitc and sold for firewood in Takoradi, southwestern

Ghana. (E.S. Ayensu)

bottom right: Syria. In many cases nomads harvest for
fuel shrubs that are palatable to livestock,*thus
causing serious pasture’ deterioration. (FAO photo)

above: Hyderabad, India.”Pigeon pea stalks gathered
for firewood. (D. Sharma)

bottom left: Papua New Ghinea. Southern High{
villagers with . cords of Casuarma oligodon woo?i.
(sce page 41) wait beside the’road for passing t‘meks
from nearby Mundl (N.D. Vletmeyer)







o FElectric generators; 7 . ' ?
o Railroad locomotives; : |
Dr1ers for fish, tobacco, lumber, grain, copra and . other agncultural

produ\ets {
 Factories milling sugar, timber, or other new materials;
e Pottery’, brick, charcoal, and limestone kilns; and .

Metal smelters. T
The lumber and paper industries have long used bark and waste to gene-
| rate steam and electricity. Indeed, 8 percent of Sweden’s energy and 15 per-
cent of Finland’s energy is generated from wood; in the United States n
1974 more energy was generated from wood than from nuclear power. An
electric generator designed to consume at)otlt bS 000 dry tons of wood fuel
.each month has recently been, installed wat . the'Jari Project in the Brazilian
Amazon to power a pulp mill,” a ‘saw mill, and a township of over 10 ,000
people. ! :
The government of the Philippines plans to support rural electr1f1cat10n
with several wood- -fueled power plants. Early in 1978 it planted an energy .
~ forest of Ledcaena leucocephala (page 50), which will be used to fuel a
75-megawatt jsteam power plant. A study that considers hauling .distance,
plantation arfjd cooling-water requirements, and availgble government re-
forestatior ateas has identified 25 potential energy plantation sites w1th a
total area of;approx1mately 320,000 hectares: If fully planted these could
“support 19 wood-fired pow&r plants with an overall generating capacity of
1,425 -megawatts.  According to the official teport, a wood-fired “electrical
generating plant could not only compete economically with an oil-fired plant
but could also generate an estimated net foreign exchange savings of approx1- ‘
y mately $146 million in the first 10 years of operation.*

Firewood production can be good for economic development in rural
‘areas. Growing trees for firewood can be successfully combined with the: pro-
lductlon of posts, poles, and timber. The production and sale of wood to
nearby urban centers can provide many jobs and much rural cash income. It
) has been estlmated that some 6,000 families are involved in supplylng wood
{-and charcoal to the city of Maputo in Mozambique, for example. Few other
~energy jsources ‘can provide and rhaintain such high employment.

| ) . »
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, o  FIREWOOD PLANTATIONS

-~ \A loglcal first response to the firewood 51tuat10n‘*13‘to plant more trees. In
'theory probably all countries have the phys1ca sources to meet their most
urgent rural firewood needs. It has been estimatg 1 that at least 75 percent of

&

Utilization of Man-Made Forests for Generating Electricity. Forest Products Research and Industries
Development Commission, National Science Development Board, College, Laguna Plnhppmes

16 - , .
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tropical land is inherently unsuited to sustained '?‘o‘nventional agriculture, but
- 85 percent of the population of the tropics_lvliy*@:éﬁon tlgis land. About half of - -
' : - A

*J, A. Semana, P. V, Bawagan,:F R. Siriban, and V. B. Mendoza. 1977. A Feaszbtllt)zStLLdy af );hef‘
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it will not support vegetation of any kind. The best use -of the remainder is
tree cultivation (or the simultaneous or sequential cultivation of trees
with annual crops or with the pastur_ing of animals). Virtually everywhere,
villages have unused or misused areas on which woodlots can be.planted.

But there is little modern experience with growing trees explicitly for fire-
wood, even by most foresters. Fuel productlon has long been considered the
lowest use of wood, and-foresters have traditionally cultivated trees pnmanly""’”“
for other purposes, such as for timber and pulpwood. For these products, the
species they choose to grow are not those that would be grown purely for
fuel. Moreover, the yield measurements reported, the management tech-
niques devised, and the varieties (provenances) selected almost never reﬂect

~potentials for firewood production. / H s

Firewood plantings can use species with short boles, crooked trunks, or = . -
wood that warps or splits as it dries. These features are not as detrimental to
fuelwood use as to timber product10n Nor 1s stem size. In simple cook-
stoves, for example, branches s small as one or.two centimeters in diameter
may be ideal. Thus a shrub may, prove satisfaotéry for village fuelwood silvi-
culture if it grows fast and produces a dense wood that burns with intense
heat. In practice, fuelwood may come both as a primary crop from fuelwood '
forests and as a secondary cfop from timber forests. .

~In 1936, horticulturists transported seed of Calliandra calothyrsus, * a - T o
small Central American shrub, from Guatemala" to Indonesia. They were .- ¥ —
interested in it as a shade tree and ornamental, for like Some other Calliandra
species, it has flowers that are showy crimson powderpuffs But Indonesians -
-took up Calliandra calo ﬂzyrsus as a-firewood-crop- ~mste1'1d——lndeed*fer—2=5k—r
years steadily expanding fuelwood plantations of Calliandra have been estab:
lished, until they now cover more than 30,000 hectares in Java (page 36). ; e

" The wood, too small for lumber is dense burns well, and is ideally sized :
for domestic coeking. It is also useful for fueling brick, tile,'and lime kilns
and for copra and tobacco driers. Indonesian villagers now cultivate it W1de1y
on théu own land, often intercropping with food crops. The plant’s value is .

‘[‘dra atlcally exemplified by the:village of Toyomarto in East Java. ‘There, - - % ~»
.land that was once grossly denuded and erosmn-pocked is now covered w1th - ;
‘_}a Calliandra *‘forest” and is fertile once more. Today the villagers make a
eod living selhng the firewood, \actually earning more from it than from
 their food Crops. \ s

Another example of shrubs grown successfully for firewood is found n
South Korea. Known as “miracle plants,” the leguminous bushes Lespedeza’
bicolor and L. thunbergii rapidly cover bare ground, and their long, shallow

Fots bind and hold dgw}l-—goilfProlific root nodules provide nitrogen, and : o
their-protein-rich foliage is fed tollivestock. Foresters plant Zespedeza Spe- - =~ = = . "~
cies around pine seedlings to profect the soil, to provide plant nutrients, and . Ced
to produce forage and firewood until the forest is established. The dense

s> wood:of the small stems is eagerly.sought for cooking fuel, and it is a well-
- established Korean practice to plant Lespea’eza species alOng ridges .as a

" *They identified it, probably correctly, as Calltandra calothyrsus; the prevmus NAS’ report Troptcal
Legumes Resources for the Future misspelled the spemﬁc epithet as callothyrsus

-
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In addition to domestic use, firewood
' is imporstant to local industries; e.g.,
tobacco, brickmaking, bakeries, black-
smiths. Shortages can be the limiting-
factor to the continuation and
expansion of these industries.
top left: Baking bread, Herat Af-
ghanistan. (R.A. Bannlgan)
top center:Drying tobacco, Philip-
pines. (M,D. Benge) .
top right: Blacksmith forging sickles. -
Kirkuk, Irag. (H.A. Hopfen, FAO
photo) ‘ s
bottom rzght Brickmaking, Setwane .
Botswana. (J. Murphy, WFP phﬁ T
bortom left: Brewing tea, Kabul,
Afghanistan. (R.A. Banmgan)
center left: Distilling mint oil, Chiang
Mai, Thailand. (Narong Chom-
+ chalow)



A
IS O
1
i




i . - S T g - e e . T T e “

| e

firewood crop. It is narvesrea a year after planting, yielding 2.9t (dry weight)
of firewood per hectare and 6.1 t after 2 years. The flowers are a source of
honey that has become a specialty throughout the country.

In addition to fuel, woodlots in and around villages and cities ¢an provi -
. stable and pleasant surroundings. They provide shade, shelter, beautlfication,r SR

and habitats for wildlife, which in many areas are a valued food source. The

. plantations also reduce wind erosion, beneficially influence local temperature ,
- and . humidity, 'and in many cases replenish- and redlstnbute essentral soil-—
i nutrients, i e ' : ‘
1 A covering of plants slows rainfall runotf ‘which generally - allows for .

greater grouridwater recharge and so helps maintain year-rounu stream flow.

Thus it decreases the likelihood of floods and the buildup of silt in reservoirs,
thereby increasing the capacity and life ot lrydroelectric and irrigation facili- ‘
i .ties. Although most efforts to combat ﬂqodmg and siltation (as well as snow-
- - ....slides and landslides) have entailed engineering measures—dams, embank- -
ments, and dredging, for example—these address. symptoms, not causes~~~-j—‘~
Reforesting denuded areas is a preventive measure that decreases thel severﬁy
_of flooding and decreases the load of sediment entering waterways For |
8 decades ﬂoods,rdrought and famine were recurring calamities of Fukren .
Province in China, but in-the 5 years since forests were reestablished in the ,
~hills and watersheds, the inhabitants have lived free from all three. Growmg o
trees or shrubs within watersheds also improves the water quality of rivers -
and lakes and the growth of fish and other aquatic foods. .
Indiscriminate firewood collection is currently one of the pnnc1pal de-
stroyers of native forests. Intensively cultlvated woodlots on, accessible
sites can help relieve this pressure on natural forests by supplylng a large
'share of the needed firewood more conveniently. ,
Woody plants can provide more than fuel calories. They can also be sources
of: : ' S '

| * Vegetable oil and fruits and nuts for food; 8
o Edible leaves and shoots for sauces, curries, salads and beverages
" e Honey;

| * Forage for livestock and silkworms;
| * Green manure for fertilizing soil;

i e Tanbark for the tannin used in leather makmg, o
Mpdicmes and pharmaceiiticals; o
Extractives-such as resins, rubber, gums and dyes 5 ’ B
Timber, lumber, posts, poles, and pulp for paper cardboard and con-\ T
" si ruction boards; and .
’ o Shade+for pastures or plantation crops such an'coff,ee and cacao.

«
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Some of these uses are inimical to fuel product1on but they g1ve the tree', o

owner more flexibility; he has the option of usmg some _specimens perhaps,‘ o
for forage, while keepmg others for fuel. In tlmes of hardshlp, he may sacrl—f{; :
fice some tree growth to feed his family or animals with the foliage. In: some
cases, dense forests' can produce a great deal of burnable waste matenalfi :
w1thout a. living .tree being felled. In others, the owner maywsell the~best-‘-..ﬂ




. _formed trees for timber or pulp and use the remainder as fuel. Having such
options is important to a rural farmer, and in this report we note the main
alternative uses for the species selected, even if théy conflict with firewood
use.

FUELWOOD"MANAGEMENT

Today, international aid agencies and foresters in the Third ‘World are.

ﬂeceptive to new notions about the purposes and practices of forestry. In es-
sence, they recognize the modern necessity of taking forestry outside the

forests—of involving people throughout the countryside in growing trees
to meet their own requirements as well as to protect the land off which they R

and their livestock live. .

Firewood production is.particularly appropriate to this phllosophy It is

less dependent on silvicultural expertise than sawtimber 1Sxand therefore

can be done by nonprofessionals who learn the basic technlques for their '

own use. Firewood can best be produced like a farm crop without govern-

- ment intervention. Thousands of Brazilian farmers in the state of Sao Paulo,
Minas Gerais, and Parand already grow eucalyptus woodlots partly for frre—

wood, on land generally unsuitable for agrrculture

However, although the cultrvatlon of flre.wood specres does not demand -

continuous ‘professional superv1sron a forest service may be needed to pro-

" *vide seed or planting stock and advice for getting the, trees established. ,
Further, silvicultural practices (such as weeding and pest control) can greatly o
- increase yields. What is sorely needed is the greater involvement of trained

forestry experts in firewood production at all levels: from the Vlllage woodlot
to the national forest. : S :

r

Trees for firewood can be planted in ‘,‘nonforest” areas: along 'road's’id‘es,*“l

in shelterbelts, on farms, on unused land, and in schoolyards, cemeteries,

churchyards, market squares, parks, and home gardens. Fuelwood trees can.

. . . . P ¥ .
be cultivated in small woodlots, even as individual specimens ~around a house

or village. In some areas, such as Java and the People’s Repuhlic of China,
home gardens already supply a good share of family firewood needs. Correct .~

spacing of planted trees 1s 1mportant to production, but it Is unnecessary to

\\\\\\

pass. between them. ¢ « » .
Rural areas gan probably supply their own ,juehmed T small, local

plantings, but urban areas can supphed from concentrated large

la ions; ically located and possibly government administered.

“Firewood plantations, if carefully managed and protected from fire, anj- -

3

mals, and ‘“‘poachers,’
rotations of about 10 years (much less in some moist tropical regions). The

timing varies with the quality of the soil, species used, temperature, moisture
available, and 1ntensrty of cultrvatron Rotations of less than 5 years seem : .
feasible in manwis especrally for those species that regenerate by sprouts

( Qopp1ce)

~can be self-renewing. They are usually managed on - -

©
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Wood fuel for transportation.
top left: In 1949 the Royal Siam railway used
700,000 m? of fuelwood. (FAQ photo)

top right: Wood-fueled steam -tractor; used to haul

logs in Maine, USA, early this century. (Maine
State Museum) : )
botrom right: Car powered by wood gas that in 1979
traveled coast to coast across the United States on
about 1,400 kg of wood. (A report on this technology,

\Vldely used durmg World War II -but forgot en

since, is ip preparation, ‘For ordering mformatlon :

see page 234). (B. Russell) /
botiom™ ceriter: Wood-powered- American nverbpats

about 1855. (Detail ‘of prmt courtesy National
Gallery of Canada)

bottom left: Locometive-taking on’ fuelwood Chlang .

Mai Division, Thzulzmd (FAO photo)




FUELWOOD SPECIES

Trees most likely to prove usefu]l for fuelwood plantations are those
termed ‘‘pioneers,”

legumes that fix atmospheric nitrogen. The very nature of a pioneer species

endows it with adaptability, aggressiveness, and hardiness on hostile terrain. , "

The most promising species are often the last natives to.survive repeated
grazing, cutting, fire, and soil degradation. These are usually well knowrd,
“available nearby, obviously adapted, and tough. Some of these species
may not require nursery production and laborious transplanting. Some
pioneer species can be seeded directly on site; large stands of Leucuena
leucocephala and Sesbania grandiflora have even been established in South-
east Asia merely by scattering seed from the air. (In addition, almost half a
million hectares of pine forests have been established this way in the United
States and Canada, and in Australia, plantations of eucalyptus are routmely
established from the air. *) .

At the same time, the vigor and adaptability of some of these species
makes them potential weeds.

The ability to coppice or grow rapidly from root suckers is exceptionally
important in a firewood species. The stumps of coppicing plants do not die;
instead, dormant or adventitious buds regenerate new-shoots. This allows
repeated harvest without the cost and effost of replanting seedlings each
time. Moreover, the living roots continue to bind the soil, and a canopy of
new foliage quickly develops to shield the soil surface from rain and wind
and helps suppress weeds. Coppice sprouts usually grow vigorously because
they are served by roots big enough to feed the former tree. The continual
cropping of coppice regrowth was an established techmque in Europe in
Roman times, and “‘coppice farms” were widespread in medieval England.
Today eucalyptus pulpwood plantations in Brazil and elsewhere, ate based
on coppice fegrowth. The first crop (grown from seedlings) is usually har-
vested aftér 7 or 8 years: subsequent harvests (the result of coppice growth)

are on 5- to G-year rotations. In Europe and the United States, large tracts

of redwood, aspen, maple, beech, and ‘a's(h are grown on goppice rotations.
“Most woods burn, but there are properties that differentiate their relative
value for fuel. Density is the most general gauge of a wood’s burning quality.
The heavier the wood (when dry), the greater its calorific value. The heat
given off is enhanced (by about 20 percent) by the resins found in conifer

woods and by the oils and gums sometimes found in Jardwoods. Green

wood "has a Jower heatmg value than dry wood because’ energy is used in

evaporating the moisturé. The loss may reach 20 percent, which represents /

the wastage of 1 grow#g year in every 5. Air drying the wood yields more
calories per unit of time than does tree growth in the forest AlI' drying is,
thus a critical firewood conservation measure.

Some woods burn well eveh when green, a particularly important advantage

Y

*See forthcoming companion report: Sowing Forests from the Air. To ordersee page 234,

which in nature coloflize deforested areas. These with- -
stand degraded soils, exposure to wind, and drought. Many are rapid-growing,
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Coppice farming, England. Left: Hornbeam (Carpinus betulus) flank-
ing an old Roman road in Hertfordshire. The trees on the left are grow-
ing in pasture land and are cyt (pollarded) above the reach of browsing
animals. In the background is a regular coppice woodland.

Bottum left. Freshly coppiced ash. This tree has been cut and
allowed to resprout on a regular rotation probably ;orwat lea\!st‘ 500
years. Bradfield Woods, Suffolk (W. H. Palmer) Va '

Right. Woodland that has been conﬁnuously cz{nioed at least singg-"

the thirteenth century. The trees, mainly ash (Frdxinus excelszor) and
hazel (Corylus avellana), are used for fuel and- rural handicrafts. The
ones left standing (**standards™) are mainly oak (Quercus robur) grown
for carpentry and joinery timber. Bradfield Woods, Suffolk (W. H.

Palmer) k o

At least 1,000 years ago, Europeans learned to run their woods as a
self-renewing resource. By coppice farming natural woodlands “wood-
men” produced poles, small wood for fences and light construction,
and firewood without destroying the trees..On the other hand, “for-
esters” managed plantations of large trees to produce planks and
beams. Traditionally the woodman’s profession was the more important
of the two, but in Great Britain it declined around 1850. Since the
late 1960s, however, the production of firewaod by the old woodmen’s
coppicing techniques has increased steadily.’ This remarkably trouble-
free coppice farming, practiced since the Stone Age im northwestern
Europe is so gantle to the land that medieval earthworks and even Ice
Age glaciation can sometimes be detected among the trees. It is also

“gentle” on the-trees: some have been coppiced every 10or 11 years
for centuries. !

@
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That wood fuels can be produced in large plantations to 7-year cycles. Below: The wood is Qharcoaled for
is evidenced by the eucalypt plantations (Eucalyptus use as a carbon source in blast i.,fumace's producing
grandis and other species).of the Companhia Siderurgica carbon steel wire rod. (CompanHia Agricola e Flor-

Belgo-Mineira-in Brazil. Above: Part of the 200,000 ha estal ‘Santa Bdrbara, Belo Horizonte, Minas Gerais,
of planjations near Monlevade that are harvested on 5- Brazil)
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New Zealand’s largest dairy compuny has reportedly cut its fuel bill 80-

percent by replacing its oil-fired process burners with a facility that
burns sawdust and waste-wood chips. The plant raises steam for the
various processes in a dairy, for making milk powder, butter, and

buttermilk.

The Hikurangi Cooperative Dairy Company chose a West German-
designed boiler with a heat output of 50 GJ that would run on waste
from a local sawmill. The dairy has “also ensured future fuel supplies
by planting 80 ha of Pinus radiata pine woods. It expects that the
facility will repay the original investment within 4 years by burning
an annual 14,000 t of sawdust, chips, and bark, instead of 3,000 t of
fuel oil. (Hikurangi Cooperative Dairy Company)

g
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where fuel is so urgently needed that the users are unlikely to take the time
to dry their firewood. - ¢ :

Rotted wood gives less heat than sound wood so that a species’s natural
durability and resistance to fungal decay may: be important. (In,ﬂany location
where fuelwood is in high demand, however the wood is not likely to be left
long enough to decay.)

Some woods are poor fuels foruse in unsophrstlcated stoves because -they
spark excessively or because their smoke:is odorous, toxic, or irritating. The -
species catalogued in this report generally do not have these characteristics. -

For the foreseeable future in developing countries, fuelwood will be hand .
harvested Therefore, when choosing a species for firewood plantations, ong
consideration should be the ease with which it can be transported. Crooked
and thorny species are difficult or bulky to transport, though for local village
use this may be unimportant. | '

&

FUEL-EFFICIENT STOVES
i3

In 1740, the threat of a fuelwood sholtage around Phlladelphla moved
Benjamin Franklin to design his “Pennsylvania Fire-place,” a cast-iron heat-
ing and cooking stove that greatly reduced heat lost up the chlmney In
Frankhn s words: “By the help of this savmg invention out wood i may grow
as fast as we consume it, and our posterity may warm themselves at a moder-

ate rate, without being obliged to fetch their fuel over the Atlantic.”

Today, Franklin’s approach is even more relevant. The open fire typically
used to cook food in many developing countries wastes 90 percent of the
fuel’s heat. Even simple stoves with adjustable air intake to control the bumn-

.. ing rate can double the efficiency of cooking with wood. Further gains can
be made by designing the firebox to extract the most heat from the exhaust
gases. These stoves need not be cast iron or expensive. Appendix 1 depicts
some innovative approaches to the design of efficient stoves and kilns. -

An open fire may extract only 10 percent of the energy potential of wood;

\(\1; improved stove can use 20 percent or more.* If such stoves were univer- |

ly adopted in areas where opéen- kitchen fires are used, the demand for
fuelwood would drop significantly. !

Efficiency can also be increased by designing better cookmg pots by im-
proving insulation and house-heating systems, and by flndrng better tech-.
niques for air drying fuelwood. '

The issues to be con51dered when advocatmg use of more- efflcrent stoves
are much broader* than simply energy efficiency or even fuel costs. The,
kitchen, in effect is a miniature food-processing plant where the time and ..
effort involved in preparing the food and fire and in the cookmg and clean-
up afe all important factors in the efficiency calculations: joreover the o
ease, and the prestige, of using a gas stove should not be und timatedt ——

-4

*S. Draper. 1977.
tInformation supplied by D. Donovan.
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Tradition remains the most senous barrier to the use of new stoves Con-

siderable extension work and demonstration may be needed to convert people

to the use of new stoves. In some cases unexpected problems may arise. For-

example, some Nepalese villagers recently abandoned highly successful and.

widely adopted stoves when their roof thatch, no longer infiltrated by smoke,

'became infested with term1tes

" CHARCOAL

Nearly everywhere, reliance on charcoal as a source of fuel i is mcreasmg In
Tanzania, for example, the charcoal share of the wood fuel burned, Wthh
was 3 percent in 1970, is expected to rise to 25 percent by the year 2000. In
principle this is discouraging; because in preparing the charcoal more than
half the wood’s energy is wastefully burned away. But charcoal makes wood

energy easier and cheaper to transport, and the growing reliance on it- iare-

sult of the increasing distance ffom harvest site to the user. Also, charcgil is

" preferred because of its steady and concentrated heat, its smokeless burning;

and because it can easily be extinguished when the fire is no longer needed.
" Charcoal also can substitute for fossil fuels, which in some places is an urgent
need. Regardless of overall inefficiency, it seems clear that more meals will
be cooked over charcoal in the future.* :

|
'

/
IMPLEMENTATION

Planting fuelWood on a large scale demands social and. political commit-

ment. Decision makers in many countries, including Nepal, South Korea, the -

Philippines, and the Sahelian countries are already funding national tree-

growing programs, but elsewhere the pending crisis is generally not attracting -

the necessdry financial commitment. This neglect is likely to disruptenergy

supplies and lead to severe hardship in rural areas. As the pressures’ for fuel
increase, it may lead to civil unrest and the devastation of new plantat1on§
Research on appropriate species and management methods should start be-
fore thescrisis is reached. The forest services have a crucial role to play in this

race agamst time. |

- What is needed is a change in priorities in the use of tramed foresters and
agronomists. Forests for fuel can be treated as just one more farm crpp. This
makes firewood production more suitable for developing countries with few
foresters. It seems possible that agronomists, rather than foresters,‘ will be
responsible’ for mhch of the small-scale firewood production in the' future.

The existing forestskare too important and too vulnerable to be-abandoned
by foresters in favor of. Vlllage woodlots in the farm lands In addition to

making fuelwood produc’uon an ,agricultural- respon31b111ty, the suggestion

has been madet that what’ 1S needed are “barefoot foresters” to persuade

*QOne hope for the future is t%ﬂer charcoal kllns (see Appendlx 1) will permit recovery of liquids
of economic value; some of th %Nnds may even prove to be useful petroleum substltutes

+E. Eckholm. 1979.
‘ -3
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small farmers (whose economic horizens usually extend, only to the next

- harvest) to plant trees for the future, to teach how'to do it, and to introduce
. cook stoves that conserve flrewood Such extension: services are pdrticularly -

1mportant in the’ case of individual and village- -level fuelwood projects. Even
with finances.available, poor management and inadequate extension wdrk

are often critical bottlenecks. The accomphshments m South Korea (see -

Appendix 3) have demonstrated the. importance of havmg such tramed
people working at the village level. S .
To be successful fuelwood programs should fit into the social, cultural
economic, religious, ohtrcal and legal framework of the logal area whe;;LL

‘plantations are to be’ estabhshed PI'OJGC'[S are often doomed from the oufset

" by religious-or ﬂtural taboos, resistance 0 change, attitudes” toward prop-

erty~6wnership, or -government intervention. Without the commitment of.
local residents to the orderly management and- protechon of the fuelwood

_plantings, they are likely to fail. Pu,cts that demand-basic changes in life-

style are moré hkely to fa/1Uhan those that adapt to ex1st1ng hfestyles and -
outlooks. « % o

Fu her, gs-4 practical matter, fuelwood plantings are more hkely to suc- -
cee hey are cqnsidered in the context of local land-use pldnning and local
development objeactives. The integration of fuelwood product1on with' other
agricultural act1v1tres can help ensure and sustain local interest; it can also

cut costs and balance the development of local communltres by prov1d1ng -

~them with an energy supply. l | .
¢ Local communities must.-be motivated to assume respons1b111t:y for the

of tree seedlings for distribution to villages at subsidized prices, or-everf il )
of charge, hoping to encourage 1n_drv1duals and communities. to plant more ~
trees. They have met with majpr success only in Ethiopia, where an esti- -

‘management of all vegetation, 1nclud1ng trees, in their-area. Foresfry depait- .
ments in some African countries, for example, have been producing millions r

- Prctaome -

‘mated 50,000-100,000 hectaresjof eucalyptus have been established—almost /-

all of it before Ethiopia-had a prafessional forestry service—and all planted’ by
illiterate but self-motivated peasdnts (see Appendix 2).

RECOll/IMENDATIONS S | '.

To allev1ate the growing shortage of wood fuel is one of rifankind’s major
challenges. To this end, firewood research is vrtal requiring the combmed

" efforts of government, 1ndustry, landowners “villagers, researchers pthan- .

thropic institutions, and development -assistance agencies. ﬁme act1v1—

ties to be undertaken (sequentially ‘or concurrently) 1nclude T

A

-/
1. Searching out and reducing the wasteful use of available fuel. For example
e Ensuring that existing wood resources are harvested and/ used w1thout

waste; : 2

e, Testing and developmg fuel-efﬁc1ent stoVes pa&rncularly ,onesjtha't* ‘
villagers can make themselves and . R ’\ { S S
30 .
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« Instituting policies and programs that encorﬁe the use of alternative
energy sources such as biogas and solar heat: '
2. Conserving existing.fuelwood sources. For\exj&mple
o Controlling harvesting mtensrty to preserve forest product1v1ty
3. Identifying available productlon areas such as those in existing forests,
wastelands, and farmlands. | :
4. Inventorying the tree species found -locally, noting especially the species
traditionally preferred for fuel. ‘
5. Testing tree growth in all’ the available production areas. Tests should
include: . . A %
» Optimizing growth of volunteer trges of acceptable fuelwood spemes
o Test planting the best native fuelwoods and |
] o Test plantmg selected exotlc spec1es

,’ in all tnals of exotic species, local species must be included for cornparison.
. Characteristics of the trees that should be assessed include growth rates by
volume and dry weight (of stem and branch wood), wood and chemical prop-
erties, and resistance to pests. The importance of selecting and using the best
seed source within a species cannot be overemphasized. o

For species that show promise, adaptability trials should bé set up to de- -
termine the responses of various species to different soils, growing conditions,
altitudes, Tatitudes. temperatures, moisture conditions, and pests. This will

~indicate the relative advantages and limitations of each and will provide the -~
technical backup for pilot-sized fuelwood plantations that can serve as dem-
onstration plots. It will also enable researchers and officials to become famil- -
iar with the species tested. These trlals might also provide the germplasm to
start local woodlots and firewood plantations.

Companson of experiences from such pilot plantations will provrde the .
foundation for decisions estabhshm0 and utilizing firewood plantat1ons and
allow predlctlens of economic success. i

Most of the species selected are likely to be, grown mamly m woodlots and

> backyards or planted to double as living fences, orshade trees in pastures, or
in plantations of coffee, cacao, or other crops. Testmo should therefore be
; done over a range of sueh Condltlons : -

]
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I Fuelwood Specnes for
Humld Trop1cs

While firewood shortages may not have reached crisis point in the lowland
tropics, trees are being destroyed there on a massive scale. .

For example, it is anticipated that the lowland forests of the Philippines,
the Malay Peninsula, much of Indonesia, western Africa, Madagascar, Central
America, and the West Indies will be converted to other’ uses within
the next 10 years. ‘Firewood harvests will contribute to this loss. Energy
plantations could help slow deforestation caused by firewood harvgsting.

It is thought that perhaps one billion people live in the humid tropics,
with about 200 million of them living within ‘or on the fringes of forests

Each is thought to burn an average of 0.5-1.3 m3 of f1rewood per year

Moreover, they ship substantial amounts of fuelwood and’ charcoal to dis--
tant. urban markets. The wood taken out of trop1ca1 moist, forests and
used for-fuel-each year has been estimated at some 150 million m3 .*
" Insufficient information is available to judge whether the troplcal moist
forests can sustain an annual harvest of this size, but as human populatjons
expand and petroleum prices rise, it is inevitable that f1rewood collection
will contribute increasingly to deforestation. ,
“In some tropical countries the deliberate cultivation of trees for fire-
wood is already fmemcnally profitable. The rising costs’ of other fuels is
likely to make this increasingly attractive. Trees grow ‘well in the humid ..
tropics. The heat and humidity ensure high rates of photosynthesis and
short harvest cycles, thereby making these areas suitable for shpplymg
apprecrable amounts of woed energy on a sustained basis..
This sectlon describes species worth  testing as fuelwood crops in the._k,!
humid troplcs Others worth cons1dermg include:

Ailanthus altlss;ma page 74 Eucalyptusci"tribdora page 128
Albizia lebbek | - page 110 . Eucalyptus globulus ©  page 82
Alnus 'acumz’nat&‘z page 76 Eucalyptus grandis . page 84
Cajanus cajan page 118 Grevillearobusta - page 86
Cassia siamea - page 120 - Inga spp. IR page 88
Eucalyptus camaldulensis page 126 Pz'thecoellobium dulce" o pa,ge‘:“144 ;

*Myers, N. 1980. Conversion of Tropzcal Moist Forests, Nat10na1 Academy of Smences Washmgton :
D. C. 205 pp. , " :
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Botanic Name Acacia auriculiformis A. Cunn.
ex Benth, The specific epithet is also spelled
aurzculaefonnls i

i
Family Legummosae (Mimosoideae)

Main Attmbutes \ Acacia awriculiformis merits
large-scale; testing as a fuelwood species. It has
the capacity to produce good fuelwood on poor
soils, even in areas with extended dry seasons.

Description It is a resilient, vigorously grow-
ing, small itree with a generally crooked trunk
up to 60 cm in diameter. It can reach a height
of 30 m.

Distribution The species is mnative to the sa--
vannas of Papua New Guinea, the islands of the -

Torres Strait, and the northern areas of Aus-
tralia. Because of its ability to grow:>on very
poor soils,:it has been introduced into countries

such as Indonesia,'Malaysia, India, Tanzania, _

and Nigeria - -

N

Use as Fuewood The tree is already established
~ on large- scale private fuelwood plantations and
in national forests in Indonesia. It is also grawn
in Bihar zmd West Bengal in India. The wood is
well suited for fuelwood, with a high specific
gravity (0.6-0.75) and a caldrific value of
'4,800-4,900 kcal per kg. The wood also yields
excellent charcoal that glows well and burns
without smoke or sparks The| trees coppice
poorly, although in Indonesmn experiments
coppicing was found to, be possible if stems
‘were cut at least 50 cm dbove ground. When the
“trees are felled, hOvaer a crop of seedlings
shoots up so rapidly that cutover stands regen-
“erate readily. ‘

Yield The tree’s growth rate under optimal
conditions jis unknown/bﬁr it grows very fast,
even on marginal land/ In Papua New Guinea,
on a site abandoned by farmers ad too infertile,
trees grew to 6 m in 2 years, with a diameter
of 5 ¢m and had reached 17 m in 8 years. In In-
donesia and Malaysia, dnnual wood production
of 17-20 m*® per ha, with rotations of 10-12
years is achieved. Even on poor soils, the pro-
duction reaches 10 m* per ha per year in moist
conditions. However, in semiarid West Bengal
on shallow soils, yields were only 5 m® per ha
per year at the 15th year..

3
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Acacia auriculiformis

’

Other Uses , ,
e Pulp. Acacia auriculiformis shows prom-

" ise as a source of wood, pulp. Recent tests con-

ducted in Australia have shown that 10-year-old
trees grown in a Papua New Guinea plantation
can be pulped readily by the sulfate process to

give high yield of pulp with very good strength =

properties. High-quality pulps” wére also pro-

duced by the neutral sulfite semichemical

(NSSC) process. It is being used regularly for

" making pulp by papermills in West Bengal.

¢ Ornamental and shade tree.  With its
dense.foliage—which remains through the hot

season—Acacia auriculiformis makes a useful ‘

shade tree and soil-cover crop. An attractive

ornamental that withstands city heat better

than most broad-leaved trees, it requires little
attention. It is widely planted to shade and

~ beautify streets in Indonesia and Malaysia.

e Tannin. The bark contains around 13 per-
cent water-soluble tannin that proddces a good-
quality leather but is inclined to redden on ex-
posure to s»t‘mlig‘ht_ﬁ. :

Environmental Requirements-

e Temperature. This species can grow under

humid, tropical conditions and thrives where
mean annual temperatures range from 26° to

" over 30°.C. However, it is also able to survive in
‘dry savanna conditions, as its thick, leathery -

“leaf” (actually a flattened and expanded leaf

. stalk) withstands heat and desiccation.

* Altitude. It is suitable for a forest-planta-
tion crop at altitudes up. to about 600 m.

e Rainfall. Although well* adapted to
drought, A cacia- aitriculiformis grows most

quickly in humid climates. Its natural habitat .

has an average annual rainfall varying from 1,500
to 1,800 mm and a dry season of 6 ‘months.

e Soil. Acacia auriculiformis. wﬂlrgrow in a
wide range of deep or shallow soilé including.

sand dunes, mica schist, clay, limestone, pod-
sols, laterite, and lateritic soils. These problem
soﬂs are often poor in nutrients, but the plant

produces profuse bundles of nodules and can
often survive on land very low in mtrogen and

organic matter where" eucalypts and other spe-

cies fail,

At Rum Jungle in northern Austraha the

tree grows on alkaline sand dunes (pH 9. 0)as
~ well as on acid spoil”(pH 3.0) from uranium
‘ mmmg It is the only native woody pla‘n,t‘adapt-

£
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Adacia auriculiformis, 10-year-old plantation at Kunjingini, East Sepik District, Papua New Guinea. (AF.J. Logan)

able enough 1o colonize these uranium spoil
heaps, and even on 20-year-old heaps it is the
only tree to be tound. In Malaysia, Acacia auri-
_culiformis has grown well on the spoil heaps
left after tin mining>J¥n-Indonesia, it has been
successfully planted /On steep,.unstable slopes
for erosion control and is recommended for
planting on the poorest soils in the national
forest estates, Recent trials in India have shown
that this species grows quite well in papermill
sludge, which is highly alkaline (pH about 9.5).

B .
Establishment This species can be easily estab-
lished by direct seeding or from nursery-raised
seedlings. It flowers early and profusely, and
seeds are usually plentiful. The plant has a tap-
root and can withstand root competition from
nearby trees. It adapts well to plantation culti-
vation. The seedlings are hardy; plantations re-
quire no extensive site preparation other than
clearing vegeration and trash and weed control
during the early years.

» Seed treatment. Seeds should be pre-
treated before sowing by*immersing them in

boiling water and leaving them to cool and soak
for 24 hours. e

e Ability to compete with weeds. Young -
seedlings can be easily smothered by weeds, as
the tree is shade intolerant. But Acacia auriculi-
formis is inherently a colonizing ‘species and,
once seedlings’ are well established, they out-
strip any competition. Because of the suscepti-
bility of the seedhngs to weed competition, 1t is
advisable to raise them in the nursery.”

Pests and Diseases -In Indonesia, where the
plant is used widely, no pests or diseases have
been recorded. In Zanzibar, seedlings have been
attacked by insects and nematodes.

Limitations Acacia auriculiformis can grow
very large lateral branches, which often begin
low on the trunk. It is, however, easily pruned.

Branches break easily in storm winds. It s less
fire resistant than most eucalypts. Although
drought resistant, Acacia auriculiformis cannot
withstand drought conditions as severe as hy-,
brid -gucalypts can, probably because its roots
are clager to the soil surface.
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Ca]]zandra ca]othyrsus

Botanic Name

Synonym Calliandra confusa Sprague Riley

Common name Calligndra

Family Leguminosae (Mimosoideae)

Main Attributes This small bush is unusually
promising as a firewood source because of its ex-
cellent coppicing ability and very quick,ggowth.
In Indonesia it has been cut for fuel after only a
year’s growth and harvested annually for the
next 15-20 years. Even when harvested on such
short rotations, it produces a sizable yield of
branch wood that makes good household fuel.

Description Calliandra calorhyrsus is a legumi-
nous shrub that rarely reaches more than 10 m
tall, with a maximum diameter of 20 cm.

Distribution The plant is native to Central
America, but seeds were introduced from Guate-
mala to Indonesia in 1936. Calliandra proved so
successful as a plantatlon crop that in 1950 the
Indonesian State Forest Enterprise (Perum Per-
hutani) began planting it on alarge scale, so that
by early 1979 abgut 30,000 ha in Central, East,
and West Java were under cultivation.

Use as Firewood ' In many parts of Java, Calli-
andra calothyrsus has become a favorite fuel-
wood. (In one.instance, an experimental plan-
tation of 0.5 ha was established in 1963; by
1975, over 250 ha of fitfewood plantations had

been independently established on nearby pri-

vately owned farms and home lots.) The wood
has a specific gravity of 0.51-0.78, its calorific
value is 4,500-4,750 kcal per kg, and its ash
content is 1.8 percent. It is used for cooking as
well as in small industries; for example, those
making lime, tiles, or bricks. ,

Yield Trial plots in Indonesia showed initial
growth of 2.5-3.5min only 6-9 months. After
1 year’s growth, calliandra can be'cut at about

50 cm above the ground, reportedly yielding

*A recent study by Wiersum and Breteler has shown
the type specimens of C. confusq (the name most com-
monly used in Central America) and' C. calothyrsus
(the oldest name) are identical. In the NAS report

Tropical Legumes: Resources for the Future, the name , |

was misspelled C, callothyrsus.

a
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Calliandra calo thyrsus Mexssn.* ;
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about 5- 20 m? “per ha. Afterw ds, yearly cut-
tings are possible, ~producing between 35 and

65 m> of small-sized fuelwood per ha\

- . .
A
N .

Other Uses ey “\'\

s ' Erosion control. The species_grows very "\

quickly, its dense foliage provides ground cover,
.and its extensive and deep root system binds
soil, thereby making Calliandra calothyrsus pas-

ticularly suitable for erosion control on slopes.

and for rejuvenating degraded soils. Extensive
use is planned for stream-bank protectionin Java.

e Soil improvement. By its nitrogen fixa-

tion and litter production, calliandra improves

soil quality and productivity. "Because of this,

farmers in East Java sometimes rotate agncul-
tural crops with calliandra plantations. - .

e Fodder. Livestock relish the [léa es and
the plant is a good fodder crop. In Ix{

annual yields of 7-10 t of 'dry fodder (22‘p r-

cent crude protein) per ha have been record d,
It has been grown together with elephant grass

for foddex in large areas prev1ously unable to

support any crop.
¢ Omamental. The bush isan exc1t1ng orna-

mental, producing beautiful red * powderpuff”\-\_

flowers. It forms attractive hedges.

e Firebreaks. It is planted in strips ## Indo-

nesian state forest lands to protect the forest -

against fire (as well as illegal woodcutting).

¢ Bee forage. Honey produced by bees that
forage on calliandra flowers has b1ttersweet
flavor. -

Environmental Requirements
e “Temperature. Unknown.

\\‘ i

o

o Altitude. On Java, the plant grows at alti-- ¢ ‘

tudes between 150 and 1 , 500 m.-

e Rainfall. The plant grows where ralnfall is

over 1,000 mm per year, thoughit can w1thstand
drought periods lasting several months.

~_e_Soil. It can grow on many different soils, v' :
1mclud1ng mfertﬂe ones,-and even grows on

*heavily compacted clay -type soﬂs with” poor.‘

"~ deration.

Establishment Planta’uons are easily - estab- o

lished by direct seeding or by- seedhngs Seeds

-—-or seedlings are usually planted at the beginning

of the wetseason. Seedlings are transplanted_fv

from the nurseries -at about 4-6 months at

spacmgsonmx2morlmxlm




Some Indonesian villagers now cultivaté Calliandra
calothyrsus widely on their own land, often inter-
cropping it with food crops. The plant’s value is dra-
matically exemplitied by the village. of Toyomarto in
East Java. Therc land that was once grossly denuded

* Seed treatment. Seeds are treated w1th"

hot water and then soaked in cold water for 24

nre
Huury.

o

, 2 .
» Ability to compete with weeds. Because
it grows so rapidly and densely, calliandra sup-
presses competing plants very quickly.
: . P - . o

[

and erosion-pocked is 1fow covered with Calliandra ,

forest and is fertile once more. Today. the villagers
make a_good living selling the firewood, actually earn-.
ing morc trom it than from thcu food crops. (Perum

Perhutani) - .

Pests and Diseases

Limitations

plant is so hardy and reproduces so easily that
it may become a weed of sorts and may be
* difficult to keep in check. - s

PR

There is little information on per-
formance of this species on different sites. The

JUnreported. ST S
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Botamc Name

Casuaring equisetifolia L. —

N

Synonym Casuarina littoralis Salish... . LT

Common Names ,'Ca§uarina, she’-oak, horsetail
oak, Australian beefwood, Australian pine, iron-
wood, whistling pine, agoho (Philippines), ru
(Malaysia), filao, nokanoko (Fijian)

Te——

Family Casuarinaceae Tl

Almost all of the ‘approxi- -

Main Attributes
mately 35 Casuarina species produce top-quality
firewood. There are rapid- gr.oynn , carefree spe-
cies for sites and climates as varied as coastal
sand dunes, high mountain slopes, the hot hu-
mid tropics, and serniarid regions. They tend to
be salt tolerant, wind resistant, and adaptable
10 moderately poor soils. Although they, are not
legumes, they do have the ability to form root
nodules and fix atmospheric nitrogen.
Casuarina equisetifolia is, perhaps, the most

widely used so far, but other Casuarina species

deserve more attention and testing.

Description_ Viewed from a distance, casua-
rinas look like somber pine trees with lorig,
drooping,
They are-medium to lofty evergreens with open,
feathery crowns that appear to be leafless. The

leaves are actually reduced to small sheatfis on

.the needle-like branchlets. By dispensing with -
leaves, the plants have reduced the surface ex-
posed to the elements and this makes them
adaptable to dry sites and salt spray.

Casuarina equisetifolia Can attain heights of
up to 50 m, with diameters of up to 1 m. How-
ever, it is generally only 15-25 m tall '

Dlstnbutnon Casuarina species are native to
the Southern Hemisphere from tropical India
to Polynesia. Most are native to Australia where
they occur in subtropical and tropical coastal
regions as well as in the arid central areas.

Casuarina equisetifolia is indigenous to north
and northeast Australia, some Pacific islands,
and frorm Indonesia and Malaysia to India and
Sri Lanka. It has beén introduced for firewood,
beautification,
Pakistan; East, Central, and West Africa; and
the West Indies, as well as to Florida and the,
Gulf of Mexico area in the United States. -

Use as Firewood The wood of Casuarina equi-
setifolia burns with great heat and has been
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gray-green needles and small cones. -

and other purposes to India; =

jarina eqwsetn‘bha

&

called the best firewood in the world. It is used
for both domestic and industrial fuel. In India,
it fuels some railroad locomotives and in the
State of Karnataka it is the major species planted -
for firewood. It-burns readily, even when green,
and the ashes retain heat for a long time. It
makes exceptionally fine charcoal. It has a spe-

cific gravity of 0.8-1.Z and calonﬁc value of

about 4,950 keal per kg,

Yleld On good sites in Malaysm and the Phil- ..
ippines the tree commonly grows 2-3 m a year.

In general, the yield per ha varies-from 75-200t,
on a rotation of 7-10.years, with a spacing be-
tween plants of about 2. m. In. the Phlhppmes

even hlgher yields have been noted-

Other Uses

e Wood. Timber is generally dark colored,
fissile, strong, heavy, and very tough. It is used
for house posts, rafters, electric poles, mine
props, ~oefing shingles, tool handles, oars,
yokes, and wagon wheels. ‘

» Erosion control. Because it is salt tolerant

« and can grow and reproduce in sand, Casuarina

equisetifolia is used to control erpsion along
coastlines, estuaries, riverbanks, and waterways.
» Windbreak. An abundance of switchy
twigs absorb wind energy amazingly well. A wind
strong enough to blow hats off can be stripped
of its force by a belt of casuarinas two or three
deep, leaving the leeward air heavy and still.
_“» Dye, tanning. The bark contains 6~18 per--_
cent tannin and has been used extensively in
Madagascar for tanning putposes. It penetrates
the hide quickly and furnishes a fairly plump,
pliant, apd soft leather of pale reddish- brown
color. -
e Pulp. The wood has been found to make
a useful pulp by use of the neutral sulfite semi-
chemical process. ‘ :

—_

Environmental Requirements

e Temperature. This is a species for warm
to hot subtropical and tropical ‘climates. The
montth mean maximum temperature in its
native areas is 10°-33°C, but it is adapted to
a wide range of temperatures. It is not frost
hardy, although some othe‘r Casuarina 'species
are,

. be planted from sea level up.to 1 500 i1
e Rainfall. In its natural habitat, annual ’

e

e Altitude. T}us is a lowland tree that canp ‘,:




Casuarina equisetifolia, planted for fuelwood and sand-dune stabilization at
Wu Yang People’s Commune, Guangdong Province, China: With 44 km of
beach front along the South China Sea, this commune formerly suffered
greatly from sand dunes Thvading agricultural land. Some 1,500 ha of Casua-
rina shelterbelt has now been planted along the beach front. Small branches

and leaf litter are collected for fuel as often as once every 2 weeks (see rake-

marks). These 13-year-old trees average over 13 cm diameter and 17 m height.
They are harvested for fuel and wood, but only in small clear-cut patches so
as to retain shelter and sand stablhzatlon (TM. Catterson FAQ Forestry
Department)

‘

1Y
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rainfall is from 700 'to 2,000 mm, often with a
dry season of 6-8 months. However, it has been
planted successfully in areas with annual rain-
fall as littde as 200-300 mm or as much as
5,000 mm,

» Soil. Casuarina equz’se[iﬁ)/ia trees have
root nodules containing nitrogen-fixing actino-
mycete microorganisms. They are therefore not
dependent on soil nitrogen for good growth.
The species tolerates calcareous and slightly
saline soils, but it grows poorly on heavy soils
such as clays. It can withstand partial water-
logging for a time.

Establishment The trees produce seed plenti-
fully. Normally, seedlings are raised in a nursery
for transplanting to the field. Transplanting is
carried out at the onset of the rainy season, 4-
18 months after sowing. In dry sites, irrigation
may be needed immediately after transplantmo
and as long as the first 3 years.

o Seed treatment. When seeds-are planted
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Rangsit, Thailand. Casu-
arina junghuniana growing
on acid soil poorly suited
to most other tree crops.
- Grown from cuttings, the
* trees are cut for pilings,
posts, and firewood after
5 years. (Narong . .
.Chomchalow)

.

outside their natural range, the soil may need

inoculating with crushed nodules from natural
stands. The seeds should also be treated to repel
ants.

», Ability to compete with weeds. Imtlally
‘poor,-cspecially in dense grass cover.

Pests and Diseases Seedlings are vulnerable
to. attack by ants, crickets, and other insect

~ pests. They are also susceptible to root rot. .

Limitations Casuarina equisetifolia can ex-
haust the moisture in the soil, lower the water
table of the site, and restrict growth of a
healthy understory, leaving the soil exposed.
The tree is fire sensitive and can be browsed .
only lightly without being damaged Although
other Casuarina species COpplce “readily, C
equisetifolia does not. -

In some cases casuarinas tend to be aggres-

sive plants. C. equisetifolia has invaded South
e



Casuarina oligedon near |
Mendi, Papua New Guinea.
This Casuaring species
grows well at this altitude
of 2,100 m. Villagers

plant for fuel in fencelines
and in abandoned cropland
(see also picture page 14).
(N.D‘. Vietmeyer)

Florida, displacm'g'muéhwfla‘tive vegetation, and
proving nearly impossible to control.

Related Species Other Casuaring = species -

worth testing as firewood crops include:

Australian Species

® (Cgsuarina cristata
(C. lepidophloia)

C. cunninghamiana

o (. decaisneana
C. glauca

C. leuhmannii
C. Hrtoralis

C. stricta

pil

" Adaptation -

Arid and semiarid zones;
prefers moderately heavy
soils; tolerates alkalinity
Coastal tablelands and
higher elevations

Arid sandy soils

Saline and swampy
ground; tidal flats; heavy
soils; warm temperate
and tropical coasts

Arid and semiarid zones;
saline, clay soils’

Infertile, tropical, and,-
temperate acid soils '
Warm temperate zones;

poor coastal sands and
N 4 ‘

_ Philippine Species
. Casuarinlz\

. rhumphiana
a

e (. torulasa

Papua New Guinea Species

* Casuarina oligodon

¢ (. papuana

Indond&sian Species .

. C&suarina junghu-
' njana :
(C. montana)

* C sumatrgna

Fijian Species
»  Casuarina nodiflora

k]

clays; ca.lcéiiequs and -sa-
line soils : !

~Tropical -and subtropical

coastal tableland and
high-altitude regions

High elevations, including -
ultrabasic rogks ‘

High elevations
Lowland podsols -

Wetter a:éas (2,000~
3,000 mm) . 2

A high-elevation species

~-grown at 200-1,000. m

dltitude o o
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Botanic Name

Dems 1nd1ca

Derris indica Bennet
L 3

Synonyms

Common Names Pongam; ponga, oil tree,
kona, kanji, pari-pari, karanda, karanja, Indian
beech

Family Leguminosae (Papilionoideae)

Main Attributes Derris indica provides two

sources of energy: in nearly every country where .

it grows, its wood is burred for cooking fuel,
and in India the thick oil from its seeds is burned
in lamps. The tree adapts well to extremes of
temperature, soil, ant moisture. It can be grown
in the shade of other trees, and its spreading .
roots make it valuable for checking erosion-and
for binding shifting sand dunes.

Descnptlon A medium-sized, deciduous, thorn-
less tree with spreading or' drooping branches,
the pongam reaches a height of about 8 m.
When its leaves first develop, it tums-a-vivid
lime green that later deepens to dark green. The
pale-pink flowers bloom in great-numbers just

Pongamia glabra Vent., P. pinnata
‘Mérr., P. pinnata (L.) Pierre :

after the leaves have formed. Its pods, each usu- °

ally containing a single, oblong seed are pro-

duced in huge numbers.

Distribution Native to the Indian subconti-
nent, the pongam is now widely distributed
throughout the world’s humid lowland tropigs.
It can be found in the Philippines, Malaysia,
Australia, Oceania, the Seychelles, Florida,ﬁaqd

Hawaii, usually in coastal forests near the sei™

and alongside tidal streams and rivers. It is being
planted for afforestation in, the-drier parts of
the Indian peninsula. A handsome tree, it is
planted for shade and ornament, espec1ally
along roadsides.

Use as Firewood Pongam wood is yellowish-
white and fairly hard. It burns well and is com-
monly employed for fuel in India. The calorlﬂc
value'is 4,600 kcal per kg.

Yield Classed as a fast-growing species, the
trees often reach adult height in 4 or 5 years.
They coppice well.

Other Uses

& Wood. The wood is coarse textured. While -

it is somewhat difficult to work, it is beautifully

“ ]
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grained and often employed for cabinetwork. It
is also used for making cart wheels and posts.

~— o Fiber. The bark fiber is made into string

and rgpe.

e Fodder. The leaves are a valuable fodder
for livestock, especially in arid regions. Since
_ pasture grasses grow well in its shiade, it could

" be a valualle tree fodder. Its foliage is probably

rich in protd§n.

seeds contain a yellowlér red-
brown oil (30 M0 percent). It is not.edible, but
it can be used as¥ lubrigant or—because it burns

well—as a fuel in kerosene lamps. It is also used = - -
as a leather dressing by the Indian tanning indus- -

try and in the manufacture of soap, varnish,

and paints. It is reputed to have some antiseptic
value in treating human and animal skin diseases. °

, Pest control. When dried, pongam leaves

“are uséd to protect stored grains because their

odor- repels insects. They are often ploughed

into the soil as a green manure and are thought

to reduce nematode. infestations. The presscake
left after oil has been extracted from the seeds
also has insecticidal and pesticidal properties and
_is sought after by Indian farmers. Researchers
in India have shown recently that the presscake
makes a useful poulfry feed.

Environmental Requirements \\Y

e Temperature. Mature trees withstand
temperatures from slightly below 0° to 50°C.

. Altltude Thrives up to 1,200 m above sea,
level. - ~
* Rainfall. Requires from 500 Ty 2,500 mm
per year : T\/

» Soil. The tree grows wild on sandy and
" rocky soils (mcludmg oolitic limestone). It will
grow in most soil types; it is so highly tolerant
of salinity that it can survive even with its roots '
in salt,water.

Establishment The pongam is easily raised
from seed and cuttings; even branches stuck
into moist ground develop roots readily. It tol-
erates shade well and can be close-planted. . -

e Seed treatment. None required. Seeds re-

main viable a long time. Direct sowing is usially .

|

successful; nursery production is therefore
often not needed, although seedhngs transplant
easily.

Tau sl




, 4
Derris Indica, ;hdi.um-size‘d specimen, Nadia, West Bengal, India. (L. Mandal)

) ®

s Ability to compete with weeds. Unre-

Y \\L{LZported._

-~

a

Pests and Diseases The tree hosts a large num-
ber of insects and some fungi., .

o

-

»
<) ~

* Limitations The pongam has a vx;ide-spreadirig,

aggressive surface root system. It sheds,leaves,
flowers, and pods heavily and is ﬁrefcre'
classed as a “trashy” tree. Moreover, because of
its spontaneous seedlings 'and root suckers it
may run wild and create serious weed problems.
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Botanic Name  Gliricidia sepium (Jacq.) Steud.
Synonym Gliricidia maculata (H.B.K.) Steud.

Common Names Madre de cacao, mother of

coeoa, mata-raton, kakauati (Philippines), Mexi-

can lilac, madera negra

© Family Leguminosae (Papilionoideae)

Main Attributes This fast-growing tree is good
for cultivation in populated areas; for example,
in villages, farms, backyards, and along fence
lines, paddy bunds, and the edges of roads and
paths. It produces good fuelwoaod. It fixes nitro-
gen efficiently and grows well in, and enriches,
poor soils. During dry (or cold) seasons it drops

its heavy mantle of leaves and so conserves pre-

cious groundwater.

Description  Gliricidia sepium is a small, thorn-
less tree that grows up to 10 m high. It has an
open crown and an often contorted trunk thai
is 30 e¢m or less in diameter. It is one of the
most common and best-known trees of Mexico!
Central America, and northern South America. ,

Distribution  Gliricidia sepium has been intro-
duced to the West Indies, where it is becoming
naturalized. It'has also been/introduced to Africa
and Asia and. has become naturalized in the
Philippines. It has been planted in southern
Florida and in South America-as far south as
Brazil.

Use as Firewood Wherever Gliricidia sepium’

grows, its hard, heavy wood is used for fuel. Al-
though not tall, the tree produces much branch
wood and coppices easily. Its calorific value is
4,900 kcal per kg. ! '

Yield Unreported.

Other Uses

o Timber. The wood ﬁmshes smoothly dnd
is suitable for furniture, small articles, agricul-
tural implements, and tool handles. Highly re-
sistant to termiites and decay, it is also used for
posts and heavy construction.

e Living fence. Gliricidia sepium is easily
propagated by cuttings, provided there is ample
soil moisture. Even large branches will sprout
roots and grow when they_a\‘re stuck in the
ground. A row of these makes a very effective
living fence or windbreak that will last for

' e D PMPTPS T TLLLL L
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many, years without maintenance. Trimming
these “fences” every month or 2 during the
rainy‘season assures large amounts of fohage for
green manure or ruminant feed.

. Omamental The tree produces dense
masses of attractive white or pink flowers.
e Shade and green manure. The tree’s long,
leafy branches make it ideal as a shade tree. It is

‘w1de1y used to shade cacao, coffee, yanilla, and" - :

tea. The ‘fohage is rich in nitrogen and the fall-
ing leave‘s enrich the soil beneath the trees. The
foliage can also be cutand used to fertilize near-
by crops.

U Fodder “The leaves contain over 20 per-
cent crude protein. and are nutritious for cattle.
(They are, however, |toxic to most other ani-
mals, including horses.)

* Honey. The flowers are a good source of

- forage for bees.

Environmental Requirements

e Temperature. 22°-30°C.

¢ -Altitude. It is found growing on the plains
and foothills of Central America extending up
to about 1,600 m elevation, mainly below
500 m.

‘e Rainfall.
more. .

s Soil. It does well in moist or dry soil,

even with heavy concentrations of limestone.

1,500-2,300 mm per year and

3 . 3
Establishment The plant is propagated easﬂy
by seed; however, the natural regeneration of
large cuttings (often nearly 2 m long) is a sim-
ple method of getting large specimens quickly.
e Seed treatment. Soak in hot water, cool *

> off during the night, sow the next morning.

» Ability - to compete with weeds Unre-
ported.

Pests and Diseases The tree is losing popular-
ity in Puerto Rico because the foliage is often
attacked by aphids that secrete a sweet honey*
dew that attracts ants and causes the leaves to
fall. ’ Lo

Limitations The roots; "bark, and seeds are
poisonous. The leaves may also be toxic to hu-
mans, although they are eaten in some parts of -
the tropics.
toxin.

Perhaps cooking -inactivates the .



Above: David, Panama. A living fence of
Gliricidia sepium, which provides fuel and
forage. (G. Budowski)

Right: East Java, Indonesia. This fast-
growing species out-competes the weedy
scourge [Imperata cylindrica and is
widely ‘grown for fuel in Indonesia. It
is often grown in fire belts around
the borders of forests and farm fields
because the living trees are ““fireproof.”
(Perum Perhutani)

-




Gmelina arborea .

Botanic Name Gmelina arborea Roxb. -

Common Names Gmelina, yemane (Burmese

name, also used internationally),. gumhar (In- -

dia), gamar (Bangladesh)

L
Family Verbenaceae

Main Attributes Gmelina (pronounced mel-
eye-na) is especially promising as a fuelwood
crop for plantations in humid lowlands because
it can be established easily and more cheaply
than otHer species and regenerates well from
both sprouts and seed. Its silviculture is rela-

- tively well known, it is already found in many.

countries, its seeds are readily availablé because
the frees produce tlowers and fruit copiously, it
is easy to handle and propagate, it adapts to a
wide range of soils and climates, and it can be
extremely fast growing.

Description
ciduous tree. In well-thinned plantations under
optimum conditions it may réach heights of
about 30 m and stem diameter over 60 ¢cm, but
it is more usually about 20 m with a cledr bole
of 6-9 m. In the open, however, it develops low,
heavy branches, a wide crown, and a strongly
tapered stem. Clusters of brown and yellow
flowers appear when the trees are more or less
leafless, but some trees can be found in flower
and fruit in most locations throughout the year.

Distribution Gmelina is native to moist forests
of India, Bangladesh, Sri Lanka, Burma, and
much of Southeast Asia and southern China.
It occurs in some comparatively dry areas in
central India. It is now on trial in many tropi-
~cal countries and commercial plantations are
~ found principally in Brazil, Gambia, Sierra
Leone, Ivory Coast, Nigeria, Malaw1 Malaysm
and the Philippines.

Use as Firewood Gmelina is already being
planted for fuel in Malawi (especially for to-
bacco curing), Sierra Leone, and Nigeria (espe-
«cially Lyo and Kano states). The wood is
relatively l#ght (specific gravity, 0.42-0.64);
calorific value of sapwood is about 4;800 kcal
per kg. It burns quickly. Charcoal from gmelina
wood burns well and without. smoke, but it
leaves a lot of ash.

Yield On the best sites very high annuai incre-
ments, probably exceeding 30 m> per ha, are
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Gmelina is a medium to large de-

possible.¥ Some trees have reached 3 m a year
after planting and 20 m after 4.5 years. Annual
averagerdiameter increases of 5 ¢m have been
recorded. Rotations of 5-8 years seem most

commonly used and may_produce 20-35 m?

per ha per year or more. Coppice rotatlons are
usually at S-year intervals for fuel.

The trees coppice well and COpplCe growth
is also rapid.
Other Uses

¢ Wood. Straw-colored gmelma wood is
one of the best utility timbers of the tropics—
useful for particle board, plywood core stock,
pit props, matches, and sawtimber for light
construction, general carpentry, packmg, and

Sfurniture.

¢ Pulp. Gmelina wood gives average ylelds
of paper with properties superior to -those
obtainable- from most hardwood pulgs. In the
Amazonian Rio Jari region, millions of gmehna.
have been planted to feed a large (750 t per. .

day) kraft pulp mill. —

s Honey. The ﬂowers produce abundant
nectar from which high-quality honey is pro-
duced. The forestry department of Gambia
produces large quantities of gmelina honey in a
pﬂot beekeeping project.

Environmental Requirements -
¢ Temperature. Withstands up to 52 C but
can be severely injured by frost.

« Altitude. Up to 1,000 m, ' :
e Rainfall.- "It grows satisfactorily on sites '
that receive from 750 mim to 4,500 mm annu-
ally. At least some provenances have drought

# tolerance: in East Africa, gmelina is grown where

the dry season is 7 months long. Also,’ gmefina
is one of the plantation species that can be |

grown in the northern Pthppmes with its 6-

month dry season.

* Soil. Gmelina is fairly adaptable and sur-
vives well on a wide range of soil - types: acid
soils, calcareous loams, and lateritic soils. It j
cannot withstand waterlogging and it gets badly -
stunted on very thin soils, nnperme%ble soil

layers, highly leached acid soils, or dry sand. It -

produces best in moxst base-rich, well- dramed ;
alluvium.

*Lamb. 1968. LA e




Gmelina arborea, 7 years old, Kuala Langsar, Malaysia. (Forest Research Institute, Malaysia)

Establishment Gmelina is easy to handle and
simple to establish. Its silviculture is somewhat
similar to that of teak. It can be propagated by
seed, cuttings, or by budding or grafting. Tubed
-seedlings are widely used, but in several coun-
tries direct seeding has proved cheap and quick
if rainfall is reliablé. A spacing of 2 m x 2 m has
been recommended tor fuelwood plantations in
Malaysia. Gmelina can be established among
agricultural crops (Ihe taungva system) such as
peanuts (groundnuts), cashew, tobaeco, <qrn,
and beans. It then benefits from better manur-
ing and care. However, it grows too rapidly tor
longer-term crops such as cassava.

» Seed treatment. Soak in water 24 hours
(not necessary if there is irrigatian or daily rain-
fall). Seeds lose viability within a year.

e Ability to compete with weeds. Weeding
is essential during the first year; gmelina cannot
compete with aggressive grasses or vines.

Pests and Diseases The tree is usually remark-
ably free from diseases. However, in the Ameri-
can tropics it is subject to constant attack by
leaf-cutter ants, and in India it has been defoli-
ated by insects. Also a bark disease (“‘worm dis-

- ease”) is known that can girdle the base of the

tree, and “machete” disease (Ceratocystis fim-
briata) may be locally severe in humid climates.
Gmelina seed and foliage are eaten widely by

deer and rabbits. Cattle eat foliage and bark of -

young trees. The trees are seldom killed by fire,
but fire damage can facilitate insect and fungal
attack. '
Limitations The trees cast such heavy shade
that nothing will grow under dense (2 m x 2 m)
stands. On sloping ground, ridges may be built
before planting to avoid erosion.

The carpet of dead leaves under the trees’

creates a mild fire hazard during extended dry
seasons. ,

A tendency for the trees to die at a young

age (10-years) has been noted in Sierra Leone.

It is often a requirement that firewood plan-
tations be established  on fallow or marginal
lands near villages, and for this purpose gmelina
is not too well suited.

Some plantations have been destroyed by
browsing livestock. The palatability of the fo-*

liage may ‘be a drawback fer estabhshmg
gmelma woodlots near villages.
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‘Guazuma ulmifolia

Botanic Name Guazuma ulmifolia Lam.
Synonym'  Guazuma tomenrosa H.B.K.

Common Names Guacima or guacimo (Spain);
majagua de toro {Mexico); boss d'orme. West

Indian elm (Trinidad); bastard cedar goea;ﬂ

_azoema (Dutch West Indies) -

Family Sterculiaceae

Main Attributes Guacima 1s a vigorous, thorn-
less' plant whose wood makes exceptional fuel.
It adaprts well to adverse soils,
“~ble with agricultural crops, apd its foliage is not
toxic to livesteek. The fruitds very much sought
after by catile, and distribution and’ germina-
tion is favored by havipg the seed run through
the digestive tract, Un}\nown as yet in organized
cultivation, it is worth widespread testing in
tropical energy p].dnt'ations and is particularly
promising for sub istence-farming areas.

Description )"f occurs either as a many-
branched shrub or as a single-trunked tree, rang-
ing from 2 to 30 m in height. Mature trunks
may be 30-40 cm in diameter. The trees are

usually evergreen; leaves are shed only after-

prolonged droqut The warty fruits contain a
little sweet pulp and many hard seeds. ]

Distribution The tree is popular and vallied

as a street and shade tree throughout tropical
America and the Caribbean. It istlittle known
elsewhere. It is particularly abundant along
cattle trails.

Use as--Firewood The wood is moderately
hard (specific gravity, 0.55-0.58), with the con-
sisjency of elm wood, and is regarded as excel-
lent fuel. In colonial days it was the main source
of charcoal for the gunpowder used to protect
the city of Santo Domingo (Dominican Repub-
lic) from invasion. It was used to make gun-
powder in Puerto Rico and Guatemala as well.

It is still exploited for fuelwood and charcoal in-

the West Indies.

Yield Although it grows rapidly, actual rates

are yet to be determined.
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Other Uses ;

* Wood. Sapwood is light brown and heart-
wood pinkish brown. The wood, easily worked,
is,used chiefly for posts in Puerto Rico. Else-*'
whele it is used for general carpentry; interior’
construction, and furniture making,  and for
barrel staves, boxes and crates, fool handles, -

~4nd gunstocks.

» Forage. Young foliage and fruits are
browsed by horses, cattle, and deer in the dry
periods; the fruits are sought by hogs and cattle.
(The fruits may cause intestinal obstruction in
cattle if eaten to excess.) '

s Food. The mucilaginous green and black
fruits age edible when fresh, diied, or cooked;
the native Indians often drink a beverage made
by crushing the fruits in water. The flowers at-

. tract bees and are a source of good-quality

honey.
» Shade. The tree is often grown as a shade
tree for pastures and-streets.

Environmental. Requi;éments Guazuma uwlmi-
folia js particularly characteristic of second-
growth forests jut is also common in dry and
moist thicket areas, ‘open clearings, stream
banks, pastures, and lower mountain slopes

¢ Temperature. Tropical.

o Altitude. Grows from sea level to about\ ‘

1,200 m elevation.

 Rainfall. The tree grows best where annual
rainfall is 700-1,500 mm; this corresponds usu- -
ally to a 4- to 7-month dry season in tropical
regions. The tree, adapts tos drler 31tuat10ns as
well.

= Soil. It adapts to a2 wide range of soils and
does not usually require fertlhzatlon

Estabhshment Seeds are plentlful and Ieadﬂy
available in the American tropics. They ger-
minate easily, though: propaga'uon is largely
untested.

e Seed treatment: Unreported.

= Ability to compete with weeds. Unre-
ported.

* Pests and Diseases Uhre/ported

Limitations The seeds are beheved to be dis-
tributed by birds-and mammals, 1nclud1ng cattle
and possibly horses, and although the tree is




Guazuma ulmifolia, Puerto Rico. (T. H. Schubert) ‘ o

not now classed as a pest, it could-well become The wood is not durable and.ls very susceptl-
a weed tree when introduced to new areas. ble to attack by dry wood termltes

! +
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L eucaena leucocephala

Botanic Name Leucacha leucocephala

(Lam.) de Wit
Leucaena glauca Benth.

Common Names Leucaena, ipil-ipil (Philip-
pines), lamtora (Indonesia), ouzue yaje, uaxin
(Latin America), leadtree

Synonym

Family Leguminosae (Mimosoideae)

Main Attributes Of all tropical legumes, leu-
caena probably offers the widest assortment of
uses. Through its many varieties, leucaena can
produce nutritious forage, firewood, timber,
and rich organic fertilizer. Its diverse uses in-
clude revegetating tropical -hillslopes and pro-
viding windbreaks, firebreaks, shade, and orna-
mentation. Individual leucaena trees have
vielded extraordinary amougts of wood—in-
deed, among the highest annual totdl yields ever
recorded. .

Description Depending on variety, leucaena is
cither a tall, slender tree that may grow up to
20 m, or a rounded, many-branched shrub less
than 5 m high. It has feathery leaves, bunches
of long, brown pods—often almost translucent—
and small, white “powderpuft™ flowers.

Distribution Leucaena originated in the mid-
lands of southern Mexico and was introduced
to the Pacific islands, the Philippines, Indonesia,
Papua New Guinea, Malaysia, and East and
West Africa, sb that now it is truly pantropical.

Use as Firewood Leucaena wood makes excel-
lent firewood and charcoal. It has long been
used for these purposes in the Philippines. New
varieties are so productive that they are already
being planted to provide fuel for electric gen-
erators, factories, and agricultural-processing
facilities. The wood has uncommonly high den-
sity and calorifig value for a fast-growing tree,
and because the stumps readily coppice, the
plant could become a renewable fuel resource
in areas suited to its agronomic requirements.
The calorific value is 4,200-4,600 kcal per kg.

Yield In the Philippines, dense leucaena plan-
tations have yielded higher annual quantities of
wood than any species yet measured. Annual
leucaena increments have been measured from
24 to agver 100 m? per ha. Average annual in-
crements, however, are expected to be between
30 and 40 m* per ha.

“#
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Other Uses = . -

» Forage. Cattle feeding on leucaena foliage
in Queensland, Australia, have shown some of
the highest weight gains ever measured in the
tropics. Suited mainly to cattle, water buffalo,
and goats, leucaena forage is highly palatable,
digestible, and nutritious. Both beef and dairy -
cattle thrive on it and can live on leucaena alone
until mimosine-related toxicity occurs. This can
be delayed or eliminated entirely by supple-
menting the diet with other forages. The plant’s
drought tolerance and hardiness make it a prom-
ising candidate for increasing meat and milk
supplies throughout the dry tropics.

e Wood. The newly discovered arboreal leu-
caena varieties grow rapidly, yielding wood of
useful size for lumber and. timber. Leucaena
wood has the potential to become a major
source for pulp and paper, roundwood, and con-
struction materials.

o Soil improvement, Leucaena is a nitrogen-
fixing legume that helps to enrich soil and aid
neighboring plants. Its foliage rivals manure in
nitrogen content, and natural leaf-drop returns

whis to the soil beneath the shrubs. Its aggressive

root system also breaks up impervious subsoil
layers, improving moisture penetration and de-
-creasing surface runoff.

s Reforestation. [ts ability to thrive on steep
slopes, in marginal soils, and in areas with ex-
tended dry seasons makes it a prime candidate
for restoring forest cover to watersheds, slopes,
and grasslands that have been denuded through
wood cutting or fire.

Environmental Requirements

e Temperature. Leucaena is restricted to
the tropics and subtropics; frost kills.it.

e Altitude. This is a species for lowland
areas mainly below 500 m. The plant continues

_growing at high elevations, but without its’ low-

land vigor. . ~ -

* Rainfall. The species grows best where an-
nual rainfall is 600-1,700 'mm. However, it is
the dominant vegetation covering Honolulu’s
Diamond Head,-where annual rainfall amounts
to only 250 mm.

o Soil. Leucaena’s root system allows it to
tolerate a wide array of soil conditions. Itis
found in soils varying from rock to heavy“clay
to coral. Unaided, leucaena grows well only in
neutral or alkaline (especially liméstone) soﬂs

/
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One-year-old leucacna trees in demonstration plots.
Left: Near Batangas City, Philippines. (N.D. Vietmeyer)

It grows poorly in acidic soils, and much of the
tropics has acidic latosolic soils high in alumina,
and often deficient in molybdenum and zinc.

Establishment Seed.viability is high and the
seeds can be successfully planted by hand or
machine. Seedlings are slow starters. Leucaena

“¢an be reproduced by cuttings or grafts, but

only with difficulty. .

#\ Seed treatment. Eighty percent germina-
tion within 8 days can be achieved by treating
the seeds\with hot water (80°C) for 2+3 min-
utes. Further increases can be obtained by
then soaking the seed for 2-3 days.

- Limitations Leucaena’s reputation has suffered -

Right: Near Port-au-Prince, Haiti. (M. 'Benge)

e Ability to compete with weeds. To estab-
lish leucaena, weeds must be controlled. Once
rapid growth begins, the leucaena plants form a
canopy of foliage that shades out weeds.

Pests and Diseases It is highly resistant to pests
and diseases. Common pests are seed weevils,
twig borers, and termites. »

4
.

in some areas because of.a rugged, persistent
variety that has become a weed. Also, its foliage
contains' mimosine, toxic to ruminants if con-
sumed in excessive amounts.- o
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Mangroves

Botanic Names There are many genera of

mangroves. The most widely distributed are-
Rhizophora (Rhizophoraceae), Avicennia (Avi-

_cenniaceae), and Bruguiera (Rhizophoraceae).

Main Atiributes Mangroves produce fuel jin
coastal and estuarine areas that are virtually un-
usable for other crops yet easily accessible by
water. Mangroves are a unique biological phe-
nomenon because they survive waterlogging,
poor soil aeratior, salinity, high humidity, and
strong winds—a combination of conditions not

tolerated by other plants. Moredver, mangrove

wood is widely recognized as an ideal firewood.

Throughout the tropics, water projects are
increasingly diverting river water for agricul-
ture and cities. This is destroying many man-
grove swamps because mangrove trees must be

flushed with fresh water at least during one.

season a year. Further, swamps are being
ravaged for fuel, tanbark, fish ponds, rice pad-

dies, and human settlements. Their wholesale

destruction imperils coastlines and in many
areas they are threatened with extinction. Fire-
wood production may provide an important
reason for husbanding the vast mangrove
resources.

Description Mangroves form “forests of the
sea.” The trees are often shrublike, but Rhizo-
phora mangle and many other species can grow
up to 40 m tall and 1 m or more in diameter.
Rhizophora species, typical mangrove, are usu-
ally the first to occupy newly formed saline
mud flats. Mangroves have developed remark-
able mechanisms to survive the stress in such
harsh environments. For example, in Rhizo-
phora species, aerial roots descend from the
branches, and. “prop” or “stilt” roots §pring
out from the sides of. their trunks and arch
" downward deep into the soft, black mud. These
roots function as aerators, while the subterra-
nean, absorptive roots, and even the lower parts
of the trunks, are submerged in salt water—
conditions that would completely destroy other
forest trees. In Avicennig and, to a lesser ex-
. tent, Laguncularia species, spongy, breathing
vertical roots project above the mud, absorb air,
and aerate the anchoring root system. Also, the
seeds of many mangroves can float and germin-
“ate in salt water. Rhizophora seeds germinate
while still attached to the tree; the fully formed,
spindle-like seedling falls from the tree, spearing
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. favorable for mangrove development are found

~abound.

easily and isa very heavy wood (sPecrﬁc gravity,

P

P .
into the mud beneath, or ﬂoatmg until it finds
lodgement develops roots, becomes upnght
and sprouts leaves at the apex.

Distribution Mangroves afforest sorpe 45 mil-
lion ha of shallow water and muddy ‘tidal flats
throughoutthe tropics and subtropics. They are
abundant around the Indian” Ocean fro\m Mo- o
zambique to northern Australia and frmge\East
Asia as far north as Korea. They are found
throughout Polynesia and around the coasts of
Central America and northern South Amenca\\
the West Indies, Bahamas, southern Florida,"
Bermuda, and West Africa. Conditions most

in quiet bays into which rivers flow gently. Man- -
groves are unusual among tropical forests irf =~ "
that only a few species are found in each and
they-are normally free of undergrowth except . ...
iniopen.areas and around their borders where
salt- tolerant shrubs and herbaceous plants

T

Use as Firewood The most highly prized:
firewood in many countries comes from local
mangrove species.:In the Philippines, mangrove
was the principal domestic fuel until World Warm ,
IL. The wood burns well, even when freshly cut!.~ ,/
(The bark also makes. excellent fuel.) It spli A

specres) Mangrove wood has a hrgh caloriffc
content that is similar in most species (4,00
4,300 kcal per kg). It is reported that 5't of
Rhizophora mucronata equals the calorific
value of 2-3 t of coal. The wood burns leaving
little ash. ‘

Mangrove charcoal is exceptional. It burps
steadily, giving off intense heat without spark-' B
ing. In Bangkok, Thailand, it sells at twice the .
price of other charcoal. In Puerto Rico, man-
grove stands have been a major source of char-
coal.

Yield Mangrove silviculture has been attempted
in some areas and is an established practice in
some Asian. countries, notably Thailand, Ma--
laysia, and Bangladesh, and mangrove planta-
tions have also been established in Puerto Rico.

Most species seem to grow rapidly, and the salt -

‘flats soon become. dense forests. Planting is

usually not needed because natural regeneratron o
is so successful.. - - BN




Firewood being sold in Dacca, Bangladesh. Most of the firewood originates in the huge Sundarbans mangrove
forest. (B. Christensen) )

Rhizophora mangle, south Florida, USA. (J. Morton)
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“Other Uses :

» Wood. Many mangrove species produce
strong, attractive’ timber that finishes and
polishes well. The wood of some species is not-
ably durable in water. Older buildings in down-
town Singapore are built on pilings of mangrove
wood, mainly from Rhizophora species. In

India, the heartwood of Bruguiera gvmnorrh;- ’

is prlzed for furniture.

» Coastal protection. Mangroves can be in-’

strumental in developing coastal and estuarine

areas. They provide natural protection against a -

turbulent sea, reducing typhoon and storm

damage (and effecting their’ own repairs), and

binding and building sand and soil. .

* Food and wildlife production. Mangrove
- swamps are a “‘cradle of life.” They are spawn-
ing and nursery ‘grounds for fhany species of
fish, as well as shrimp, crab, clams, oysters, and
crocodiles. They are feeding and nesting grounds
for many sea birds and home to other wildlife.
Thus, many people indirectly draw their liveli-
hood from vmangroves. Mangrove areas are
potential resources for aquaculture.

e Extractives. Tannins used to producc_,
hard leather (such as for shoe soles) ahd resins
used for bonding plywood are extracted from
various species.

e Pulp. Each year, hundreds of thousands
of t of mangrove wood chips (from Rhizophora
and Bruguiera species) are exported from In-
donesia, Sarawak, and Sabah for pulp and for
rayon manufacture, in particular.

+Envirbnmental Requirements

¢ Temperature, Mangroves are found only
in the tropics and subtropics. They are very
sensitive to frost.

» Altitude. The trees are suited to coastal®

and estuarine zones.

¢ Rainfall.. Mangroves grow best in.moist,
tropical areas where annual rainfall is over
1,000 mm.

* Soil. Mangroves can-survive in highly
saline, poorly drained soils that are irregularly

inundated by the tide. They: grow best, how-
ever, in areas that are regularly flushed by the -

tide or in areas with freshwater seepage. Regu-
lar flushing with seawater or freshwater appears
to be necessary to avoid excessively high salini-
ties, which arise through evaporation and would

otherwise restrict growth. Consequently, at-

tempts to impound mangrove areas within
levees often reduce productivity.- and some-

_.Pests and.Diseases ..

wh

times lead to death of trees. Soil in man- .
grove swamps'is usually, deep, black mud that
is almost continuously water logged, but man-
groves also will colonize sand and carbonate

- soils.

Establishment There have been few attempts
to establish mangroves in organized plantations.
However, Rluzophora mangle, which is planted
for coastal protection in Florida, was planted
successfully in ‘great numbers in Hawaii in
1922. Mangrove swamps in Malaysia have been
managed for fuelwood since abqut 1900. The
Mangrove Research Center of the Philippines
(see Research Contacts) has a'mangrove nursery
and a working group on the silviculture of man-

~ grove forests. Studies reveal that direct seeding

methods result in about 90 percent survival us-

_ing the Rhizophora and Avicennia species. Both

air-layering and the planting of propagules in
Florida have been successful. Air-layering has

recently become particularly important in

mangrove propagation.
e Seed treatment. None required.

- o Ability to compete with weeds. Man-
groves have little difficulty competing with
weeds because few other woody species can
survive the saline, swampy copditions. How-
ever, the leather fern (Acrostichum aureum)
quickly invades clearings in cut-over mangrove
forests and prevents the germination and re-
growth of mangroves.

Limitations Mangrove swamps are often
breeding places for mosquitoes; they may smell
at low tide; and although they are a much-pho-
tographed curiosity, some people regard them
pearance, resent their. presence, and favor’ their
eradication. Usually, however, mosquito and
other problems are caused by poor manage-
ment, especially when the mangroves are,en-
closed by levees that prevent tidal in”un‘datiztn.
Members of the family Rhizophoraceae

(Rhizophora, Bruguiera, Ceriops) grow from
the tips of branches and can easily be killed by
indiscriminate lopping of branches. Many other
species, however, can regrow rapidly from buds
beneath the bark along the trunk and branches
(e.g., Avicennia, Sonneratia) and thus suffer
little from removal of a large part of the branch-
wood. ‘ , “

Mangroves have-high-resis----
. tance to attack by insects, pests, and diseases.
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Mimosa scabrella

Botanic Name- /&ﬁwosa scabrella Benih.
Synonym Mimosa bracatinga Hoehne .

Common Names

Bracatinga, bracaatinga, or
abaracaatinga C '

Family Leguminosae (Mimosoideae)

Main Attributes This leguminous tree, 'vir-
tually unknown outside of southern Brazil,
grows rapidly, and-in- & few years produces
fairly straight stems whose wood is an exellent
source of fuel.

Description Mimosa scabrella is a thornless
shrub.or slender tree, sometimes 12 m hlgh and
20-40 cm in diameter.

“Distribution The plant is native to the Pa-
rand region of southeastern Brazil. In recent
years, small trial plots have been planted in Por-
- tugal, Zaire, Senegal, Ethiopia, Spain, Guate-
mala, Venezuela, El Salvador, ColombLa Argen-
tina, Mexico, and Jamaica.

Use as Firewood Before the advent of the
diesel locomotive, bracatlnga wood was grown

in planta tRr.:;‘§fue1 raﬂroads in parts of Brazil.
" Yield Mi scabrella i$ a fast- -growing tree.
In 14 months it grows to 5 m tall; in 2 years,
8-9 m; and in 3 years it sometimes attains a

helght of 15 m. Plantations have been harvested -

on rotitions as short as 3 years.
%

Other Uses

o Pulp Mimosa scabrella fiber is 1’) _mm

56

long, and its pulp is good enough to use in the

manufacture of printing and writing papers.

e Beautification. It makes a fine ornamen-
tal, garden, living fence, or avenue tree.

e Green manure, The tree is able to fix at-
mospheric nitrogen and also sheds an enormous
quantity of nitrogen-rich leaves that easily de-
compdSé’énd‘form a good humUS. L

Env1ronmental Requlrements

¢ Temperature. Bracdtinga is native to the
cool, subtropical plains of southeastern Brazil,
but it is very robust and can grow. in warmer
and drier areas.

e Altitude, It ﬂounshes at an elevatlon of
2,400 m in Guatemala. Mo

+ Rainfall. Unreported. 5

o Soil. The tree grows well in many types

of well-drained soil and is not exacting with re- .

gard to soil quality, though wet soils stunt its
growth. Its nitrogen-fixing and humus-producing
capacities aid greatly in improving soil condi-
tions.

Estab'hshment
may be sown directly into the field. Generally,
threeor four seeds are set in a shallow depres-
sion (3 -4 cm deep) at distances of 2-3 m apart.
After germination, the mfenor seedlings are
rogued out.

* Seed treatment. Unreported

e Ability to compete with weeds. Unre-

) ported

Pests and ‘Diseases- .

It is easily planted by seed and -

Unreported

leltatlons Unreported

— T
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- Muntin gza ca]abura

Botanic Name _Munringia calabura L.

Common Names Jamaica cherry (Florida),
strawberry tree (Jamaica and Florida), Panama
berry (Hawaii), Japanese cherry (Ma.lay51a)
buah cheri (Singapore), capulin (Memco
Central America), pasito (Panama), chitato,
majaguito (Colombia), majaguillo (Venezuela),
“bolina yamanaza (Peru), calabura (Brazil)

Family Elacocarpaceae . >

Main Attributes:'
fast-growing,
‘ used for firewood in its native habltats

Description With a dénse spreading crown and
drooping branches, this tree reaches 8-13 . -m
tall, with a trunk 8.5-20 cm in diameter. It
often begins. to bear within 1.5-2 years from
seed: thereafter it flowers™and fruits continu-
ously. Its small white flowers closely resemble
those of the strawberry. The fruits are 1 cm
wide, round, and deep red, with a sweet light-

Mtintingia calabura is a small,

sho~rt lived evergreen tree often 4

“Brown pulp Tilled with minltc Seéeds, thus Te-
sembling small figs internally. ’

Distribution The species is native to the New
World from southern Mexico to Bolivia and
Brazil. It is cultivated for its fruit in southern
Florida and for shade and beautification in the

" Bahamas, Cuba, Jamaica, the Dominican Re-
public, and Puerto Rico. It has also been planted
in Hawaii and throughout the Pacific islands. It
is naturalized in Southeast Asia (Thailand, Viet-
nam, for e\ample) and 'Malaysia and is so com-

. mon in gardens and villages that tlre pcoplc con-
sider it native.

Use as Firewood When thoroughly dry, the
wood ignites quickly, producing a high flame
with little smoke (none later); the heat is in-
tense. In a test, small branches-burned for 10
minutes and the flames then died down, leaving
red, glowing embers (180°C sustained for 20
, minutes and then dropping to 100°C). Residual
ash and cinders represented 20 percent of the

,ategwt;matenal cooA 3

Yleld Unknown o

Other Uses .
¢ Shade and beautification. This attractive
tree is commonly planted in residential areas

- T
w i By
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for ornamént and shade though some people
object to the musky scent of its foliage and the
splatter of the juicy fruits. It seems suited for

interplanting ‘among, agticultural crops and:

‘makes a good shade tree for livestock.
’ iial e sweet, juicy berries are sought
1d hvestock and by birds, bats,
_ ut they have little ﬂavor .
s Fiber. The bark provides a tough, silky

"h

fiber used for bark cloth and cordage. With a

43-percent yield of cellulose, the tree has been

considered a potential source of paper pulp in
Brazil,

s Wood. The wood is little used. In Colom- ¢

."bia it is made into barrel staves.

Environmental Requirements

s Temperature. This tree grows best under
humid, tropical conditions.

° Altltude Up to 500 m in Puerto Rico;
up to 1,300'm in quombla ‘

e Rainfall. From 1,000 to 2,000 mm in

wPaerter Rtww*an'uverage of 1 650 mm in south:

ern Florida.

-

» Soil. The tree grows so easily and w1dely ’

that it seems well adapted to many different
soil types. It is known to tolerate poor soil but
prefers sand. In the Pacific it is recommended
for planting in the sandy coral soils of low is-
lands and atolls. It thrives on well-drained lime-
stone in Florida and Jamaica. In Malaysia it has
become established on the- tailings of old tin
mines.

Establishment Seed is plentiful and the seed-
lings establish easily. The plant is more qulckly
propagated by cuttings. i

» Seed treatment. None requ1red

. Ablhty to compe%e with weeds. No plants
survive under its dense shade.

Pestsy.and Diseases -

foliage is subject to a leaf spot and many small

twigs-tend to:die back in limestone conditions.
N [ :

Limitations The tree may become eed. Its
seeds are spread by squirrels, birds, fruit
bats. In Guatemala it colonizes abandohed agri-
cultural land. The wide-spreading limbs tend to
break in strong winds. It is recommended they

“be trimmed back once a year.

o

In sduthe.rn Fioridé the




Muntingia calabura about 10 m tall, naturalized on
wasteland, Kuala Lumpur, Malaysia. (Forest Research
Institute, Kepong, Malaysia) S

.

«- Related Species ‘

o Muntingia rosea Karst. Native to northern
Venezuela, the tree has slightly larger pinkish-
purple petals and larger leaves than Muntingia
calabura. Tt would be more attractive as an orna-
‘mental than the white-flowered tree.




Sesbania bispinosa -

Botanic Name Sesbania bispinosa (Jacq.)

. WF. Wight

Synonym Sesbania aculeata Pers., S. canna-
bina (Retz.) Pers. \
Commdn Name Dha.mcha pnckly sesban’
Famrly Leoummosae (Papﬂronmdeae)

"Main Attributes Sesbania bispinosa is a quick-

growing shrub that ‘can produce.firewood in”

only 6 months. It can be-used as a rotation crop
to grow fuel as well as fertﬂlze the soil in prep-
aration for food crops. In Vietnam, in the Red

River Delta, it is grown in rice: ﬁelds and its

stems harvested for firewood before the rice
crop is planted. It matures so rapidly in tropical
areas that two harvests a year are possible. All
parts of the plant are useful.and the crop ap-
pears easy to produce on large scale with little
care or investment.

Description Normally a spreadmg shrub-like
plant, Sesbania bispinosa grows tall and straight
in crowded stands. Its slender stem may reach
4 m tall. It is a prickly-leaved annual with a 5-
to 6-month maturing time. Because it nodulates
vigorously, the plant seems to improve soil
fertility.

Distribution A native of tropical and -sub-
tropical areas of the Indian subcontinent, the

plant has been distributed to parts of tropical

Africa, Southeast Asia, China, and the West
Indies. To researchers, however, it is little known
outside of two or three laboratories in India
_ and Pakistan.

Use as Firewood The stems have a low den-
sity (specrﬁc gravity, 0.3), but can be produced
in high yreld in about 6 months

Sesbania bispinosa is used as a firewood ¢ crop
in northern Pakistan and in Vietnam. In the
Cameroons, villagers plaat a similar Sesbania
species for firewood. It is commonly used in
Pakistani villages for evaporating water from
sugar, :

k3

Yield In one farmer’s field in Italy, a crop of
Sesbania bispinosa yielded 15 bone-dry t per

ha.* In the tropics, where more than one Crop_

a

_ *Information supplied-by L. Markila.

60

" Environmental Requirements

can be harvested each year, the annual produc-
tiori could be even higher. :

2

Other Uses ’
o Gum, Seeds of Seshania bispinosa contain

T a water soluble gum, like guar gum, that_pro-

~duces ‘a smooth, light-colored, coherent, and
elastic film useful for sizing textiles and paper -
- products and for th_rckemng and. stablhzmg
solutions.

* =~ e Pulp. The plant is an exciting p,otential‘

new source of paper products. Its fibers are
very similar to those of birch, one of the best
hardwoods used for pulping.

o Fiber. The stems can be processed to pro-
vide a cordage fiber with jute-like qualities, use-
ful for items such as fishing nets, gunnysacks
and sails.

¢ Green manure. The living plant is. used to
provide windbreaks, hedges, erosion control,
and shade and cover for crops. Its foliage is a
choice green manure used to incresse soil fertll-
ity, especially on saline and: wet soils. '

» Forage. The leaves reportedly make good
cattle fodder. '

-

e Temperature. This extremely versatile .
plant grows well in the tropics and subtropics
(e.g., Vietnam, India, Pakistan), and successful
“plantation tnals have been carried out in tem- .
' perate zones (e.g.. Italy from the' Rome region
to Sicily). ‘

“e Altitude. Grows from sea level up to
1,200 m.

o Rainfall. It is lughly resrstant to drought
although it grows best in regions w1th rzunfall
Tanging from 550 to 1,100 msm— "

-——wSoil. Sesbania bispinosa is well adapted to

difficult soils. It will grow on saline and alkaline -
wastelands and wet, almost waterlogged soils
(such areas often remain barren for want of
suitable crops); ' : ‘
.

Estabhshment The plant estabhshes eas1ly by
direct seeding.

e Seed treatment. None requrred

. Ab]hty to compete with weeds. The plant
grows so quickly that it is reportedly excellent'.
for suppressing vigorous weeds such as Imperata
cyllndrzca on sites where morsture is adequate.

N




Sesbania bis,ziinosa, Lucknow; Uttar Pradesh, India. (M.I.H. Faroogi)

IS

Pests and Diseases “Unreported.
Limitations The tree grows fast, seeds freely,
and reportedly has become a noxious weed in
rice paddies in some areas.

5 ; o
Related “Species = Other-Sesbania spec

promise as firewood include:
e S. paludosa
o S. aegyptiaca (S. sesban)
s S. speciosa,

ies. with




Sesbania grandifiora -

Botanic Name Seshania grmzdiﬂura

(L) Pers.
Synonym Agati gTandzﬂora (L ) Desv

Common Names
ippines), August flower (Guydna) West Indian

Agaii, bacule, katurai (Phil-

pea ®ee, turi (Malaysia, Java) gallito, chogache -

" - (India)

Family Leguminosae (Papilion@ideue)

Main Attributes This'small tree produces fire-
wood, forage, pulp and paper, food, and green
manure and appears fo hold promise for refor-
esting eroded and grassy wastelands throughout
the tropics. It combines well with agriculture
. (agroforestry) in areas where trees are not:nor-
mally, grown and becomes an important fuel-

wood source. After the plant is harvested, shoots‘

resprout with such vigor that they seem irre-
pressible. The' tree’s outstanding quality is its

rapid growth rate, particularly during its first 3.

or 4 years. - 3

Description” Sesbania grandiflora grows to a
height of 10 m, with g trunk diameter of about

30 cm. The bole is straight and cylindrical, the: -
wood :white and soft. The bark is light grey,

deeply furrowed, and corklike in texture.

Distribution Native to many Asian countries,
for instance, India, Malaysia, Indonesia, and the
»Phjl;ppines Sesbania grandiflora is commonly
seern, growing on the dikes between rice paddies,
:ﬂono roadsides, and in backyard vegetable gar-
dens. It has been widely distributed in southern
Florida and the West Indies as well as from
southern Mexico through most countries of
Central America down to South America. It has
" also been cultivated in Mauritius. A closely re-

lated species, S. formosa, is native to northern.

_ Australia.

Use as Firewood  Sesbania grandiflora has long
been used as firewodd in Southeast Asia and
has been planted in several areas in Indonesia to
provide fuel and other products in “turinisa-
tion™ projects (after turi, the indigenous ndme).
However, the wood is white, soft, and has a

rather low specific gravity of about 0.42, which

is poor for fuelwood.

Yield _In India, plantation-grown trees have
reached 8 m in as little as 3 years (with'average
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diameter not less than 10 cm). Moreover, Ses-
bania grandiflora can be planted very. densely
(up to 3,000 stems per ha). Wood yields of
20-25 m® per ha per vyear are commonly
achieved.in plantations inJdndonesia. Even - when -
planted only aleng :the edges of agricultural
fields, as in Java, yields 'of 3 m® of stacked fire-
wood per ha’ from 2-year rotation periods have |

been recorded. - |

Other Uses o

e Utility plantings. In Mamla the- tree is -

often planted for beautification along roadsides,
fence lines, and other boundaries. The large,
handsome flowers and long pods make it a strik-
ing ornamental. Wjth its open, spreading crown

of feathery leaves, Sesbania grandiflora gives -

light shade. It also makes useful windbreaks and
is often grown as a living fence.

"« Food. The yotng leaves, tender pods and
giant flowers of Sesbania grandiflora are favorite
Asian vegetables. They are used in curries and
soups or sometimes fried, lightly steamed, or _

‘boiled. The leaves contain over 36 percent crude

protein (dry weight), and with their high min-

eral and vitamin content, they miake a nutri-
tious, spinach-like vegetable.

e Forage. Cattle relish the feathery leaves
and long pods (up to 60 cm). In parts of Java

where cattle breeding is important, the tree is

frequently planted as a source of forage, con-
tinually . topped to keep it within-the ‘animal’s
reach.

e Green manure. Foliage of Sesbania grandi-

flora makes excellent green manure; in Indo-
nesia, trees planted along dikes are often used
to tcrtlhze nedrby crops. They are considered
an excellent sipport and nurse crop for betel .
and pepper vines.

o Reforestation. In Taiwan, Sesbania grandi-
flora has proved useful for reforestmg eroded
hill regions.

¢ Gum and tannin. When cut, the. bark of
the tree exudes a clear gum that has ‘been used ~
as a gum arabic substitute in°foods and adhe-
sives, The bark also ylelds a tanning agent.

e Pulp and paper. In East Java, the tree is
extenswely used as a pulp source. The wood’s

fiber length (1.1 mm, about average for hard-
woods used for paper) and chemical composi-
* tion are suitable for pulping. :

-

s



»” Sesbania grandiflora, age 42 years, trial plot
at Kimberley Research Station, Kununurra,
Western Australia. (A.F.J. Logan)

Environmental Requirements
o Temperature. The tree is frost sensitive
and is adapted only ta tropical conditions.

level.

e Raintall. Sesbania grandiflora grows best
where annual rainfall exceeds 1,000 mm and
there are only a few months of dry. season. It
is widely grown in areas where there is exten-
sive irrigation or flooding, such as in Asian rice

paddies. On the other hand, the species grows -

abundantly on the semland Timor Islands oj
Indonesia. . e

e Soil. Sesbania grandiflora is able. 46 grow
in a wide range of seils;everrpoor. oftes, includ-
ing black, poorly structured cidy Its extraordi-
_nary nodulatlon undoubtedly helps restore
®fertility to these soils. On Timor, the species is
commonly found on abandoned swidden land.
This, coupled’ with its rapid growth, sdggests

P

e Altitude. Grows up to 800 m above sea

Sesbama g'randtﬂora, 7m taIl after only 1 year of

growth. The seed was direct-sown in deep sandy loam.
East Godavari District, Andhra Pradesh Indla (AS
Bhat)

N

that its. soil improvement, qpahtles -though .un-
measured— —may be exceptlonal

Establishment The species propagates casily
by cuttings or seedlings. It requlres little main-
tenance and can readily be planted on a large
scale by direct'seeding and even by aemal sowing.:
s Seed treatment. None, :
o Ab1hty to compete with weeds. Unre-
ported.
Pests and Diseases Sesbania grandiflora is very
suscept1ble to nematodes. In northern Australia, .
plantations have also been damaged by b1rds,~
(cockatoos) and grasshoppers. .

Limitations There is no information available
on general silviculture of this pl'ant;thus,gthose ‘
who may wish to grow it face considerable

uncertainty. » e
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Syzygium cumini -

Botanic Name

Svzvgium cumini.— -
(L.) Skeels :

Synonyms Svzvgiten jambolanum DC., Eu-
genia cumini Druce, E. jambolana Lam.

Common Names Jambolan, Java plum, jaman,
jambu, jamun, jambul, jambool, black-olum
tree, Portuguese plum, Malabar plum, Indian
blackberry, duhat

.Family Myrtzfceae

Main Attributes The fast-growing jambolan
tree ,is a good source of fuelwood. Acclaimed
for its’ handsome appearance, it is planted for
shade along streets and roadways and as an orna-
mental fruit tree in home landscaping.

Description 1t is usually a large,
with shiny, evergreem; Teathery leaves, but
sometimes has low branches. Mature trees are
generally about .13 m tall, but may reach as
high as 30 m, with trunk diameter up to.1 m.

Distribution Native t0 India, Burma, Sri Lanka,
and the Philippines, jambolan has been widely
planted and naturalized"in many parts of the
tropics and subtropics. It iscommon in southern

Florida, is occasionally found in the West Indies..

and Central America, and in Australia is eftab-
lished in both New South Wales and Queensland.

Use as Firewood Jambolan wood is consid-

ered to be an excellent fuel. It is reddish gray,
rough, and moderately hard, with no distinct
heartwood.  Its specific gravity is about 0.77
and it burns well, giving off dbOth 4,800 kcal

per kg. The plants can be coppiced and t}u.y Te-

grow vrgorously after prunrng

Yield Jambolan secdhngs may reach 4 m in
only 2 years.

Other Uses

- Wood. The wood is durable in water and
resistant to termites. While it is difficult te
work, it is often used for beams and rafters and
for posts, agricultural implements, boats, oars,
and masts. .

e Food. The tree bears many oblong or
round plum-like fruits, generally astringent and
with a flavor that varies from acid to fairly
sweet; the astringency can be reduced by soak-

7

erect tree’

= e

ing in salt water. They can be eaten raw, but .

more often they are made into a juice similar.

" to grape juice. They are also made mto jellies,
syrup, vinegar, and wine.

"e Hedges, windbreaks, and ornamental uses.
The jambolan is one of the most popular ave-
nue trees in India. I'ts abundant foliage produces
good shade. When closely planted in rows, it

makes good windbreaks and, if topped regular-

ly, forms a dense hedge.

» Bark. The bark contains 13-19 percent
tannin and is much used for tanning and dyemg
in India.

e Honey. The flowers are rich in nectar that
yields high-quality honey.

Environmental Requirements :
e Temperature. Tropical and warm sub--
tropical conditions are required by the jambolan..
e Altitude. In southern Asia,

in the Hawauan Islands, it has not grown well
beyond 600 m: . i

e Rainfall.. The Jambolan grows vrgorously
in regions of heavy rainfall (from 1,500 mm to

-as much as 10,000 mm per ycar) prospers on

riverbanks, and has been known to withstand
prolonged flooding. The species also grows well '
in higher, well-drained land, and onee estab-
lished, is observed to tolerate drought: - .

e Soil. The jambolan thrives in sand marl;—

and in well-drained oolitic hmestone as well

-as in many other soﬂ types.

Establishment The tree is: casrly grown in nur-
series and easily trdnSpldnted However, direct o
seeding is the most common mcthod of propa:
gation. Cuttings-have been rooted iff sand, and
both arr-layermg and budding onto seedlings of
the same species have been successful.
e Seed-treatriient. None required. Seeds are
usually sown during the rainy season and germi- - -

" nate in 2-4 weeks.

» Ability to compete with weeds. It suc-

- cessfully competes with weeds because of raprd
. growth and vigor. ‘

Pests and Diseases Some trees are susceptible
to infestation by scale insects, white flies; and

leaf-eatmg caterpillars, but these seem unlrkely
7 to cause rnuch problem i in ﬁrewood plantatrons

Lumtatrons In southern\Florrda the tree is
considered a nuisance because it is too tall and

; oy
A

the ‘tree ‘is /-
- found growing in elevations up to 1,800 m, but
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Syzygium cumini fruit.

Syzygium cumini, northern India. (IForest Research Institite, Dehra Dur, India)

too fruitful. The fruits fall and ferment rapidly,
attracting insects and -staining concrete and
shoes. However, heavy fruiting is.not likely to
be a problem in plantations designed for fuel
production, and is an advantage when the tree
is planted for shade in chicken yards or live-

I3 .

stock pastures. The fallen fruits are devoured
by animnals. _

Introduced into Hawaii for its fruit, it has
run wild «(because birds distribute the seeds)
and is considered a noxious weed that shades
out more desirable forage plants. .
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Terminalia catappa

Botanic Name Terminalia carappa L. heartwood is attractive and hard. While machin-
ing is difficult, it is suitable for millwork, furni-
ture, veneer, and -cabinetwork. Further, it is
useful for boat building, general construction,
bridge timbers, cross-ties, flooring, and for
boxes and crates. .

e Fruit. Within the tough shell of the fruit
there are one or two delightfully flavored seeds
from which a bland, edible oil can be extracted.
The seeds are sweet, almond-like, and widely

~ eaten roasted or raw. .

e Tannin. The bark, leaves, roots, and fruits
all contain tannin and have been used for tan-
ning purposes.

Common Names Indian almond, tropical al-
mond, sea almond, West Indian almond Mala
bar almond, almendra, badan (Bunmse)

Family Combretaceae >

Main Attributes A hardy, quick-growing, eas-
ily propagated tree, Terminalia catappa grows
well in coastal sand™dunes and other groblem
sites? 1ts wood is used for fuel in several tropi-
cal -areas. The trees tolerate salt spray and
drought, as well as both moderate shade or full
overhead light.

. well as for its fruit. It is also found in the Phil-

Description It is a medium-sized tree, with e Dune fixation. Because it is salt tolerant
- peculiar whdrls ot horizontal branches stacked and grows well on sand, it has been used to
one above the other up the trunk, which is arrest beach erosion.
usually quite short and crooked. As it ages, its e Shade and ornament. The tree is culti-
attractive appearance is enhanced by large, vated in gardens and along roadsides in Hawaii, .
reddish-tinged, leathery leaves. It bears hard Puerto Rico, and elsewhere because “of its un-
fruits, somewhat similar to greenish almonds, ‘usual and attractive bram:hmg_andﬁleaﬂeolgr‘-—*—%#
- —euctrcontaining a large, edible nut. [t is primar- ~ ation. ;
* iy o coastal tree and LOITUT[OHJ_V forms beach e Silk production The - foliage has been
. forests extending from sandy shores into the - found suitable for feeding tasar or katkura
forests behind. : silkworms. ¢ SN

Distribution Terminalia catappa is native to
Malaya and the Andamans, but is very common-——
in India, being planted in viilages and bungalow
compounds and gardens for beautification as

_Environmental Requirements———

e Temperature. Terminalia catappa - is
strictly a tropical species, thriving in humid
climate.

 Altitude. It grows best at low altltudes
Land is extensively planted in India and Sri
Lanka at altitudes from sea level to 300 m;
it is conspicuous in coastal towns such as
Madras and Rangoon, , .

e Rainfall."The tree needs at least 1,000 mm

ippines,-Indorfesia, the Seychelles, Ghana, and
in the South Pacific from Polynesia to Papua
New Guinea. It has been.naturalized in Hawaii,
Puerto Rico, and the Virgin Islands. It is planted
in southern Florida and the West Indies, and
can be found growing in tropical America from

Mexico to Peru and Brazil. enough for its roots to penetrate.

Use as Firewood The wood is moderately » Soil. Terminalia catappa is not particular
heavy (specific gravity, 0.59), air-seasons quick-- as to soil; for example, though it grows well in
ly, and makes good firewood. It is often em- sand or shmcle it_also thrives in marl and per-
ployed as fuel. .meable siliceous limestone.

£

Yield Under favorable ~conditions the tree
grows quite fast—sometimes reaching 1 m in the
first year, 3 m in the second, and 6 m'in the
third. Rotations of 10-15 years seem to be
average for plantation growth. The expected

10-year yield from a plantation is 22.5-36.0 t.

is facile; its seeds fleat and are often dispersed
- by ocean currents. They germinate readily. Nur-

1

of seedlings suitable for transplanting in “the
wet season the following year.
Other Uses ‘ o Seed treatment. None requ1red

* Wood. The pale-brown to reddish-brown e Ability to compete with weeds. Excellent

v
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of annual rainfall unless the water table is high

Establishment The tree’s natural regeneration

sery beds sown with ripe seed give high yields -




Y - :
Terminalig catappa used as an ornamental tree, Oahu, Hawaii, USA. (Institute of Pacjﬁc Island Forestry)

Pests and Diseases It is very susceptible to dry- - o  T. bursarina northern Australia
wood termites and the leaves are often riddled - o - T glaucescens ~ West African savannas
with insects. ‘ e T. ivorensis . tropical Africa '
AU . . : o T. kaernbachii Papud New Guinea
Limitations It -is a messy tree, dropping fruit T ‘ trovical West Africa
=~ that rapidly becomes fetid. * [.magroptera  tropical Westayica,
o T mollis tropical Africa
Related species  Terminalia is a large genus » T. prunioides East Africa
found throughout the tropics. Local species o . T. racemosa Mexico to northern
should be tested for firewood production. A (T. americana) South America and
few examples are: , : the West Indies
T. sericea - East Africa
o Terminalia arostrata northern Australia T. superba . tropical Africa

e T. avicennioides tropical West Africa e 1. tomentosa nlndi’fl, Pakistan



Trema specreé

Ulmaceae (or Urticaceac) "

¢
i

Family

Main Attributes
Trema distributed throughout the tropics. They
are pioneer plants of eroded soils and yolcanic
ash and are generally among the firsy trees to
come up on newly cleared land such’as forest
clearings, thickets,-and roadsides. They will
grow in poor soils and in barren environments.
The species generally have many characteristics
in common, offering like benefits and uses. Thé
~wood is soft and of only limited value as fire-
wodd. However, it probably can be produced

easily in large quammesm appropriate locations.

Description  Trema species are shrubs or small
trees that reach heights of about 10 m and di-
ameters of about 20 cm. They are found in
open forests and have spreading CrO\\VI\lS and

/

evergreen leaves. Some examples are: i

There are about 15 species of

g

lands, in afforestation of denuded and disturbed
areas, and for use as general soil binders. All
may prove to be soil improvers as well.

e Shade trees. Trema orientalis is often
planted-in” Asia and Africa as a shade tree on
plantations for coffee, cacdo, and other crops.

- o Pulp and wood. In combination with
bamboo pulp the wood is employed in the man-
ufacture of writing and printing papers. Bleached
pulps in 46-50 percent yields can be prepared -
from Trema orientalis, with an average fiber
length of 1 mm. ¢

e Wood. In some areas (for example, i
Gongola State, Nrgerﬁ), the wood is used for
construction poles :

o Fodder. The leaves and branches of the
plants are lopped  for fodder. However, there
‘has been some evidence, particularly in Aus-
tralia, that they may contain a toxic glucoside.

Q,

o. Trema orientalis, an AsiaiTspeCies AT

:4

to the moist. parts. ot India where it is called

‘charcoal tree.” It Is also found throughout
the Malay peninsula, extending mto China,
and has had some successful cultivation trials in
the southern Philippines.

e Trema. politoria, also an Asian  species
found in dry zones of subtropical India and-
throughout northern India from Gujarat-in-the
west to Assam in the east.

‘o Trema guineensis, a small, African tree
known as the “charcoal tree” in Malawi. Itisa
pioneer species common to deciduous forests
and is found distributed throughout tropical
Africa to South Africa, extending into Arabia
and Madagascar. (Some botanists consider this
to be the same plant as 7. orientalis.)

o Trema micrantha, native to Central and
South America as well as to the West Indies.

» Trema cannabina, native .to Southeast
A51a '

Usé a5 Firewood  These and other Trema spe-
. cies are widely used as fuel, though their calo-
~rific value 'is not high (4,500 kcal per kg).
Trema orientalis is used to make gunpowder in
Java and as a charcoal for fireworks.

Yield Trema species are claimed to be exceed-
ingly fast growing. They coppice well.

Other Uses
* Afforestation programs. These plants are
pioneer species suitable for planting on poor

3
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- Environmental Requirements

» Temperature. These are troprcal and sub-
troplcal plants.

o Altitude. Trema oriertalis is found ex-
tending up to about 2,000 m in the Himalayas, -
Trema politoria up to about 1,500-m:

e Rainfall.” Trema orientalis needs a moist

and-humid-elimate;*Trema politoria a dry cli-—
mate, and Trema ;guineensis grows m both hu-
- mid and dry environments. ‘
e Soil. Trema species have no particular
soil requirements. They are among the first
woody plants to colonize denuded, fallow, or
poor soils.
Establishment The plants regenerate very eas--
ily and can be propagated by stump cuttings.
¢ Seced treatment. Steeping seeds in giberel-
hc acid in agar at 500 ppm or refrrgeratmg at
2°C for 3-4 months breaks dormancy.

cies is sun loving and has the capacity to out-
grow other species in newly cleared areas.

Pests and Diseases The trees harbor insect
-pests, which cause defoliation. These pests can
spread to other plants of economic utility;
therefore, caution is advised when these species
are introduced outside their -natural- habitat.
Two fungal diseases are known to attack them. -

Limitations Unreported.

e ’%ﬁﬁ%@éﬁpﬁﬁatﬁ weeds: TMS%?Té—“"" T




By

Treina orientalis natural regeneration, central Taiwan.
(Taiwan Forestry Research Institute)

Parasponia root nodules which,
like those of legumes, can fix
atmospheric nitrogen

Related Species In the Malay Archipelago are
found five species of Parasponia that are als
pioneer trees and differ from 7Trema species
only in tiny details of flower structure. These
Parasponia species bear root nodules Zcontain- y
ing Rhizobium bacteria) and can fix nitrogen as

if they were legumes (despite previous literature
reports, nitrogen-fixing nodules have not yet

s

(M.J > Trinick)

kS , .
been found on Trema species*), Examples.are: °

Parasponia andersonii ..
P rugosa i
P. rigida
P parviflora.

*Information skupplied' by M. J. Trifick. See Résearc_h .
Contacts. , - o
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Tronical Higk lands,

A malor Droblem in the hrlllands of the tropics ( those ar reas above 1,000 m :
elevation) is the j drscrlmmate cutting and clearing’ f atlve forests. In part,
this has been caused by shifting cultivators in their search for arable farm .
land, but the quest by impoverished people for firewood and for wood to
make charcoal has greatly accelerated the process (
- LT gnrelenting cutting of ferestehrsome-toun

problems in preserving natural resources. Haiti may be in the most serious
jeopardy, but Nepal and parts of Java are also facing great difficulty.

In Nepal, where firewood is the principal source of domestic energy,
people must travel at least one full day to collect wood, while a generation
ago it could be collected within an hour’s walk from most dwellings——- 7

Comparable “situations exist in n hill and ‘mountain regions of Central
America, the Andes, Central' Africa, Southeast Asia,Papua New Guirea, and

~ Southwest Asia (Afghanistan and Iran). Populatlon mcreases force people -
~ onto the forested hillsides where they clear the land for crops. As trees be-.
come more scarce, they gather their firewood from ever—hrgher slopes. TlﬁS‘ .
throws the forests into continual recession. .

While 10 percent of the human® populatlon 'hve in the hrghlands; another o
40 percent live in /he adjacent lowlands, and theirfuture. is s intimately bound ey
to developments ‘on the slopes and plateaus above. Overgrazmg\and ffrewood, Eey
collection despolls the environment and has tar-reachmg effects. For exam: -
ple, when the hlghlands are denuded they do ot retain the rainwater. Thrs‘f'.v e
can render fgetile valleys unproductive as a result of flash flooding and siltas |
tion or stre drymg up when water is urgently needed for ungatlon;an&d e
hvestock S o em

' Reforestation of tropical thhlands is- crucral to developmg countnes:]/; i
where subsistence farming is tie!f)ecgmmant way of life. Efforts to 1solate _ ; S

‘those tree species best suited. for opical highlands are underway.

This section describes cool-zbne specigs. Some of them (e.g., Azlanthus
altissima and Alnus rubra) are native to temperature latrtudes thelr perfor—
mance in tropical latrtudes is uncertain. .

Almost all the species described in the humid tropics sectlon of thrs report .
have wide adaptability and might well be grown in the hrghland*_troprcs_
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Collecting wood in the highlands of Népal, The hills are almost bate due to constant scavengmg for
. firewood, building timber, and forage. (K. Gunnar) - - - —

Species listed in other sections that deserve trials as fuelwood species in
tropical highlands include: -

Casuarina oligodon  ; page 41 Sesbania bispinosa page 60
Eucalyptus camaldulensis page 126 - Syzygium cumini page 64
Gliricidia sepium “page 44 Terminalﬁ\.cg‘appa . page 66
- Mimosa scabrella : page 56 Trema spp. page 68

Pinus halepensis page 142

I
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Acacza mearnsil

Botanic Name Acacia mearnsii De Wild.

Synonym Acacia ;nollissima auct. mult., non
De Wild. ‘

Common Names Black or tan wattle
Family Leguminosae (Mimosoideae)

Main Attributes Acacia mearnsii yields excel-
lent fuelwood and charcoal and has-proved suit-
able for growing in many countries. It is a very
good species for small-holder or village wood-
lots and for line plantings along roads or trails
or around farm fields or villages.

Description This Australian native is a hand- L

some tree that may grow to be 25 m tall. Soli-
tary specimens have spreading crowns, but when
crowded into plantations the trees grow erect
and slender. The feathery foliage is dark green
and the trunk appears black.

Distribution A4cacia mearnsii is native to New
South Wales, Queensland, South Australia, Tas-
mania, and Victoria. It is cultivated (often for
the tannin in its bark) in New Zealand, South,
Central, and East Africa, India, Sri Lanka, parts

of Central America, and Indonesm Large plan-

tations have been established in Natal province
of South Africa.

- Use as Firewood This dense wood (specific
gravity, 0.7-0.85) has a calorific value of 3,500-
4,000 kcal per kg and ash content of about 1.5
percent. It also yields quality charcoal (specific

gravity, 0.3-0.5; calorific value 6,600 kcal per  «
kg; ash content, 0.4 percent). Oven-dry wood

in Indonesia has a calorific value of 4,650 keal
per kg. :

In Central Java, individual farmers plant the
tree in small farm forests (generally less than
1 ha each) for their personal -firewgod needs
and for sale. The wood is used as fuel for curipg
tobacco leaves, the foliage as a green manuré to
improve agricultural yields, and the- ‘bark for
tannin extraction. In some areas- the acacia for-.
ests are now almost the e)g;;ltrswe source of fuel-
wood, which relieves the pressure on native for-
ests. Grasses and-herbs that grow naturally in
the acacia forests are used for grazing. -

Yield In Indonesia, it 'has been found that
- short rotations of 7-10 years or less are the
+ -most economical for plantation growth. This

72 o |
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provides an annual thickwood production rang-
ing from 10 to 25 m® per ha and yielding an
average bark production of 800- 4000 kg per
ha, depending on the site.*

Other Uses” " .

e Tannin. The trée’s bark may contain up
to 40 percent of exceptionally good tannin.
Acacia mearnsii is the principal source of the
world’s tanbark, which is used in the manufac-
ture of hard leathers for shoes, saddles, and
other products. - ~

» Erosion control. In Indonesia, Zaire, and

" Sri Lanka, Acacia mearnsii is often grown at

high elevations and -on poor and sloping soils
that are unstable agd will not support agricul-
tural crops. Densely packed plantations have
proved effective in;preventing further.erosion
even on hillsides of up to 50-degree slope.

e Soil improvement. When densely planted
and carefully managed, Acacia mearnsii can re-
generatg soils thinned by erosion or -impov-

. erished by crop growing.-It is an efficient nitro-

gen fixer, and in Indonesia has annually yielded *
21-28 t of wet leaves per ha containing 240-
285 kg of nitrogen. In the Wonosobo volcanic

region of Indonésia, where "theye aTe extensive

Acacia mearnsii plantations, farmers claim that
vegetable crops and tobacco grown in rotations”
with the treeﬁ give twice the yield because ‘of
the green manure the trees provide. -

e Pulp. Testmg has shown the species to
yield a good pulp having good” strength charac-
teristics for wrapping- paper ¥

.

Environmental Requnrements

. Temperature Acacia mearnsii is native to
areas that have cool winters. Its growth slowsif
temperatures are too high. Therefore, in equa-
orial countries like Indonesia, it is grown only, -
“in #e_cool highfands. Itis moderately frost

R tolerant. .
e Altitide. In its Australlan home, the spe- r:

cies grows 'in low valleys and on,hﬂlslopes to.
1,100 m elevation. In Indonesia, it is only grown
at altitudes above 1,000 m: In Natal,’ South

A ]

Africa, there are huge plantations at altltudes o

between 300 and 1,100 m. . ,

Y . N
*von Wulfing. 1948, . . ‘ ‘7‘.
TInformat:on supplied by K. F. Wiersum, Se'e Resea:ch
Contacts 2
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Acacia meamsii. coast of New
South Wales, Australia. (CSIRO
Division of Forest Research)

e Rainfall. In its native range the tree occurs
in areas with 500-700 mm rainfall. If intro-
duced to areas with higher temperatures, more
rainfall is necessary;e.g., in Indonesia minimum
rainfall iy 1,000 mm.

e Soil. Although it cannot tolerate calcar- '

eous soils, this tree is not very particular as to
soil conditions and can grow on poor soils.

Establjshment The species is easﬂy established
by dlreet seeding.

:Seed treatment. Dormaney is broken by
unmersmg seeds in boiling water.
« Ability to compete with” Weeds Unre-
ported. ,

Pests and Diseases In general, disease and pest

attacks are not serious and do not affect wood'

production except under wet conditions of
more than 3,000 mm annual rainfall, which
make the trees susceptible to insect attack and
fungal diseases. . -

‘cause it-is spreadmg out of control

Limitations A4cacia mearnsii coppices poorly.
In Hawaii, it is a noxious weed and spreads pro- .
lifically between 600 and 1 ;200 m altitude in
the 1,000-1,200 mm rainfall zones. In South
- Africa, it has been called * ‘green. cancer” bc-i

Related Species Two other species are so simi-
lar to Acacia mearnsii that all three have been
endlessly confused in the literature. (Sometimes
they have been reported as three varieties of
Acacia decurrens; e.g., the black wattle being
called Acacia decurrens var. mollis.) They are:

o Acacia dealbata (A. decurrens var. deal-
bata), silver wattle, a commonly cultivated
tall tree (up to 33 m) whose leaves and small
sbranches glisten with a “silver” fuzz. It is natlye‘
“to New South Wales, Tasmania, and Victoria.

o Acacia decurrens (A. decurrens var. nor-
malis), king or green wattle native -to New‘
South Wales. ~ .



Alilanthus altissima

Botanic Name -Ailanrhus alrissima

“(Mill.) Swingle

e e

Ailanrhus glandulosa Desf.

Aﬂdnthus.

Synonym

Common Names tree of heaven,

China sumac
Family
Main Attributes

Simaroubaceae

Ailanthus is a “city tree.’

China. Peking, for example, uses it in urban
forestry. The ailanthus (and other species) are
cut down for lumber and firewood and new
trees planted on an organized rotation. Ai-
lanthus may help urban areas become more self-
sufficient. 1t is more competitive than most
weeds and will live and grow in environments
almost devoid of other plant life. Hardy and
tenacious, it flourishes in vacant l‘ots,'alleys,
and trash heaps. The tree is very nearly inde-
structible and is apparently immune to pollu-
tion. T'hus," it has potential for cultivation in
heavily polluted areas where other species may
grow poorly or not at all.

Deseription- - Aildnthus is “a deciduous tree
that grows with a crooked trunk and an open
crown. It may reach 20 m but is more usually
6-10 m tall. Its leaves are long and pinnately
compound. Individual trees are either “males”
and produce pollen or “females™ and produce
seeds.

Distribution Ailanthus altissima is native to

northern China and was introduced into culti-~

vation in 1751. It is now cultivated widely in
Europe and is also found in Morocco. 1t is the
species most conunonly planted for greenbelts

- around cities in the semiarid areas of Iran. It

has become ubiquitous in the cities of north-
eastern United States and is naturalized over the
eastern half of North America from southern
Ontario to Florida and Texas.

Use as Firewood The yellowish ailanthus
wood is fairly hard and heavy and is used for
fuel and charcoal in several countries. The trees
coppice very well.

Yield Although its yields are unreported, this
is a fast-growing tree. In a 5-month-growing sea-
son in the northeastern United States it may
reach 3-4 m in height.

74

-

It
is planted in-urban areas over much of northern -

Other Uses )
o Wood. Ailanthus altissimd wood is diffi-
cult to split, but is easy to work and to polish. .
It is suitable for lumber (its wood has been
likened to that of ash), furniture, and cellulose
manufacture. It has reportedly been grown for -

) lumber in New Zealand.

¢ Erosion control. Ailanthus is valued chief-

Hly for shade, shelterbelts, and erosion control,

particularly in cities where soils are poor and

the atmosphere smoky It has been used in Eu-"°

rope to cloak otherwise bare alpine slopes. g is.
reportedly used to check erosion around the;
Black Sea and in the mountains of Morocco.

Environmental Requirements

e Temperature. The tree of heaven is found
in temperate  to subtropical climates. It with-
stands frost-and chilling winters such as those in
New York.

e Altitude. 0~2,000 m or more. _

¢ Rainfall. It grows in areas with low rain-
fall, 350-600 mm, and which may have upto 8
dry months.

* Soeil. It grows on a vanety of soﬂs hard,
arid, wet, acid, alkaline, rocky, swamp, and de-
pleted. Nothing seems to discourage it. A single
square meter of soil beside a hot, dirty street
provides a good habitat for ailanthus.

Establishment It regenerates abundantly from
seed’ and easily from root cuttings, and repro-
duces profusely from root suckers.

" Seed treatment. Seed can be stored dry,
sedled and cold for 2 years w1thout losing
vmblhty
.~ e Ability to compete with weeds. Very
good. v o ‘
Pests and Diseases Itisno nna]ly bothered
by insects, but some small plantations in the
United States have been defohated and kﬂled
by tent caterpﬂlars

'“Limitations " A tred of temperate zones, ailan-

v thus thrives in subiropical areas such as Iran,
but how well it will grow in truly troplcal areas
or in tropical highlands is unknown.

It is a prolific seeder and take$ root any-‘ .

" where a little earth has accumulated, so it.could.

become a serious pest. (Planting roof cuttings

»,




Ailanthus altissima .Washington, D.C. (N.D. Vietmeyer) .

—_

only of male trees might avoid problems of un-
controllable self-seeding).

Ailanthus pokes up through cracks in
concrete and worms its way out from under
buildings and walls. It should ggag be planted
where root suckers can invade néfga¥ fields.

Related Species There are about seven species
of Ailanthus. Three tropical species native to
India are worth considering for use in developing-
country firewood plantations.

o Ailanthus excelsa is cultivated in dry
tracts of northern India. Its branches are lopped
for fodder and its wood used as fuel. It is often

planted in rows along the boundaries of farms
and waterwgys. :

o ARwfithus grandis is a lofty, fast-growing
ttee of northern India. It seems to hold promise
as a forestry species. It has a straight, cylin-
drical bole, thin bark, a narrow crown, and

_is self-pruning. Its wood can be used for fuel,

packing crates, matches, and newsprint pulp.

o Ailanthus malabaricum-is a small tree of
southern India, but is found elsewhere in tropi-
cal Asia as well. For example, it has been culti-
vated near Hanoi. If the bark is-cut, a resin’
(known as mattipaul in India) exudes; when
burned it provides a pleasant scent.

s

e
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Alnus acuminata

Botanic Name A/nus acuminata Q. Ktze.

Synonym Alnus jorudlensis H.B.K.

Common Names Alder, aliso (Ecuador,Apgeﬁ-
tina), ramram, lambran, jaul (Costa Rica)

Family Betulaceae

Main Attributes Alnus acuminata is a quick-
growing tree whose wood burns well. It grows
well on steep mountain slopes and, because it
is a nitrogen-fixing species, it is good for refor-
estation and soil reclamation, It reproduces it-
self freely, on exposed bare-soil surfaces. This
may prove to be a good species for producing
firewood in pasture lands where livestock are
arazed under trees. )

Description
from 15 to 30 m under natural conditions and
reaches 40 m in plantations, has a broad, spread-
ing root system close to the soil surface. The
trees have light-gray, sometimes silvery bark,
lignified cones, and male and female flowers in
catkins. The seeds are winged and spread easity ~

in the wind.

Distribution A/lnus acuminata is native to Cen-
tral and South America. It is generally found at
moderate-to-high altitudes growgg alongslopes,
ravines, roadsides, and stream banks of the hill
and mountain ranges from Mexico to Argentma
It is cultivated extensively on plantations along
the central cordillera of Costa RJCH Colombia,
Bolivia, and Peru. It has been successfully in-
troduced into southern Chile- (ledlvm Provmcc)
and into the South Island of Nédv Zealand.

Use as Firewood Alnus acuminata wood has a

specific gravity of 0.5-0.6. It has good, even-

burning characteristics and has leng been used
for firewood in its native region. In Costa Rica
the tree is considered too good for firewood,
although pruned branches and the top-wood at
the time of harvest are used for fuel. [ts main
uses are \for timber, boxes, construction, and
furniture. The tree coppices naturally, but it is
not known if crops can be svstematlcally repro-
duced by this method.

Yield Alnus acuminata is a fast-growing spe-
cies; in plantations, it can grow to 25 m (witha
diameter of 20 cm) in 10 years. Eleven-year-old
trees in Costa Rica commonly average 38 cm in

76 ' :

This tree, which varies in height

@

-and °plywood manufacture.

diameter and 16 m in height (30 m after 30
years). In.rotations of about 20 years the annual

yield of wood for fuel-and mdustrlal use-is- 10— —.

15 m® per ha.*

Other Uses | ,

e Woed. This species produces a straight-
grained, fine-textured wood; which ranges from
light to reddish brown and has a lustrous sur-
face and no odor. It is often employed in bridges
and pilings, furniture making, coffins, crates,
The - wood . has
strong, impregnable fibers, a desnable attribute
for makmg good pulp. . ’

- Watershed protection. Because it grows so
wal on slopes'and because its root system ténds
to be-lateral and extended rather than deep and
confined, it is very useful for controlling ero-
sion in steep and unstable soils. ’

e Soil improvement. Although not legumes

5

Alnus species have nodules and are nitrogen fix--

ing, and they enhance soil fertility-and benefit
crops grown in con]unctlon with them..Clusters -

~ﬁ1‘—+rght yeltownodules occur on the roots- of

plants as young as 2 months old and are found
from the base of the root to the ends of the.
rootlets.

Wide-spaced Alnus acuminata in thh eleva-
tlon (2,000-3,000 m) pasturesin the tropics
have increased forage. production severalfold in
Latin America. :

Enyironmental Requirements

tain slopes4n tropical latitudes. -
= Temperature.
whcre mean annuaf temperatures range from
4°-27°C. It can ‘withstand temperatures that
dip briefly below 0°C.

e Altitude. This species is found -on .the
moist flanks of mountains at elevations. of
1,200-3,200 m. In the va.lleys it has to be pro-
tected from cold dry winds or 1t w111 develop
poorly. r

e Rainfall. In 1ts native habltat it is found
along roadways, ravine slopes, and small stream
banks where there is light and adequate mois-

ture. Total annual precipitation in the area is o

1,000-3,000 mm OF TNOTE & i i g

*Information supphed by T. Lang See Research
Contacts.

]

This species has
given.its best results on the humid lower moun-

Alnus acuminata occurs



W,

It is usually found on deep, well-
drained loams or on loamy sands of alluvial ori-
gin. These usually make prime agricultural lands
and Alwus acuminata (a good agroforestry spe-’
cies) is often grown in conjunction with pasture
crops and ‘dajry cattle, for example, in Costa

s Soil.

Rica. However, it also grows adequately on
many types of soils varymg from gravel to sand
10 Llay

Establishment Alnus acuminara is easily
grown from seed. It is usually raised in nurseries
and planted to the field after 1 or 2 years
When sown in soils where A/nus does not al-
ready exdst, the soil must be inoculated with
the appropriate nitrogen-fixing

bacteria. The

plant is also easily propagated by root cuttings’
s Seed treatment. None required.
» Ability to compete with weeds It does
not compete well.

N

Pesf‘s and Diseases The plant is almost disease
free, but its leaves are sometimes attacked by
insects and it is susceptlble to soil fungi, espe-
cially when it grows in soil with a hlgh content
of organic matter. -

Limitations

Seeds are available (in South ‘

America) in February, March, and August, but

they must be planted qu1ckly, or they lose
their viability.” For example, only 50 per-
cent of 1-month-old seeds germinate.  °

s i
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Alnus nepalensis

3]

Botanic Name  Alnus nepalensis D. Don

"Common Names
maibau (Burma)

Indian alder, Nepalese alder,

Family Betulaceae

Main Attribirtes Alnus nepalensis is a very
fast-growing tree suitable for plantation cultiva-
tion in troplcal highlands. It tolerates both
shade md poorly drained soils and is probably a

nitrogen-fixing spec1es even though it is not a*

lecrume

Description A large tree, often reaching over
2 m in diameter, it has thick, silvery-gray bark.
It is well known for the beautiful vellow flowers
it develops i, autumn.

Distribution  A/nus nepalensis is native to the
Burmese hills, the Himalayas, to China’s
Yunnan, Szechuan, and Kweichow provinces,
dnd( to Indochina. e

" Tt has been planied extensively in “the hills of
northern India (West Bengul, Kashmir,
Himachal Pradesh) and Hawaii. In the hilly
areas of Burma it is effectively used in the
ut’furesm:ign work in abandongd~taurngva areas,
where the seed is broadcast during thy last years.
of cultivation. ’

.

- Use as Firewood The wood of this ecies i
Nepal is very light (specific gravity, 0:32-0.37),

with strength properties comparable to those of
red alder (page 80).(Like that of Alhus acu-
milnata- (page 76), the wood of this alder
dries rapidly and burns evenly, but rather quick-
ly. The treés coppice, but successful regrowth

cseems to depend on the season. (In Hawaii,
where there are no pronournced seasons, the
rrees coppice well year-round.) .

Yield -Alnus zzepalenszs grows ldrce and quick-

ly. In Kashmir, <pec1men< “reaching 33 m and
80 cm in diameter Have -been regularly re-
corded, though in other parfsof the Himalayds
: dmmeter.s of 30-5Q c¢m are more tvprcal Wood
samples indicate that diameters increase about
2 cm per year. In Hawaii, 26;year-old trees were ¢
50 ¢m indiameter when felled’for wood testing.

‘The logs were of low grade, w1th knotty wood -
close to the bark surface ‘because the tree is
shade tolerant and retains.its lower branches for
a long erlOd '

78

and -

Other Uses ;
‘Wood. The wood is a fair utlhty timber
t‘or use in unexposed conditions.

\

Environmental Requirements
e Temperature. The trees grow in cool,

e “Altitude. 1,000-3,000 m in Tits natlve

/m01st tropical highland climates. /

-

hdbltdt 300-1,800 m in Hawaii/

_Rainfall. While it prefers stream beds,
Alnus nepalenszs also grows well in drier locales.
In Hawaii it grows well in areas w1th ramfall in
excess of 500 mm. ‘

* Soil. It seems probahle that “like other

alders, this species has the capacity ¥ fIX atmo-
spheric nitrogen so that its growth is not wholly
dependent on the presence of soil nitrogen. It
can withstand 1mperfect dtdmdge and.flooding,
but not contmuous waterlogging. Like Alnus -
acuminata, it grows best in deep, well-drained

_ loams or loamy.soils of alluvial erigin, but also

grows on a wide range of soils from gravel and
sand to clay. The availability of soil morsture is
more limiting than soil type.

‘Establishment / The plant is raised from seeds

i a nursery and transplanted to the field.
e Seed treatment. None required. Direct

- sowing is effectlve

o Ability to compete with weeds A fast
starter, it can even stay ahead of sugar cane rat-
toon, crops (although _]llSt marginally).

Pests and Diseases The leaves are sometimes
damaged and stripped from the tree by beetle

- larvae. The_trunk is sometimes attacked by

borers.

Limitatrbns ngmy susceptible to wind dam-

“age K ,’;“' >

P
Related Species Spemes worth conmdermg"

for ﬁrewood plantations.. along W1th alders’

descnbed in this report include: o
/Alnus cordata, a Medlterranean spe01es"
o | Alnus firma
,., Alnus glutmosa the Eutopean or black
alder
e Alnus hirsuta :
/o Alnus incana, a native of the boreal for-

ests of northern Europe and North Amerlca

- Alnus glurinosa and Alnus incana are native
to climates w1th severe cold and may perform




Alnus nepalensis, lopped in alternate years for villixge
fuel supply. Chirgaon, Himachal Pradesh, India. (For-
est Institute, Dehra Dun)

Alnus nepalensis, Kohalia Forest Reserve, Hawaii,

" USA. Trees in this stand have reached 63 cm diameter
and stems 18 m long (to a top diameter of 23 cm) in’
23 years. The site is 900 m above sea Jevel, and is ex-
tremely wet with an almost continuous fog-like cloud
cover. (G. D. Pickford, Hawau Division of Forestry,
renred)

o

-

well in tropical highlands where unseasonal cold
might destroy the red alder.

e Hybrid alders are being developed in
northern, Europe; eastern United States, Can-

ada, and Japan, using A/nus rubra 3s a parent:

=
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AInus rubra

Botanic Name  Alnus rubra Bong.

Synonym  Adlnus oregana Nutt. /

3

in plantations are expected to be substantially
_ higher. For short coppice and pulp-log rotatlons
estimated total stem y1elds are 17- 21 m? per

Main Attributes The red alder is coming to
.be recognized as a premium firewood in the
“northwestern regions of the United States. It
grows fast, and—although it is not a légume=it
does have Toot nodules containing microorgan-
isms (dcrinomyceres species) that fix atmo-
spheric nitrogen. This "provides the trees a
source of nitrogenous fertilizer and helps
improve the site for subsequent agricultural or
forestry uses.

Description

up to about 1 m thick. It has a narrow pyra-

midal head and pendulous branches; the-leaves—

Red alder is a treec. up to 40 m
tall, with smooth, gray bark and trunk diameter ,

are dark and smooth on top, whitish under- -

neath, and are edged with irregular teeth. The
trees are rw,ﬂy distinguished by their oval
cones resembling tiny pine cones.

Distribution Red alder is native to a low-
elevation coastal zone of northwestern North
America from Alaska to central California,
where it is the most common broadleaf tree. It
is little known elsewhere, but it is planted for
windbreaks and as an ornamental in Europe and
has been introduced in New Zealand.’

Use as Firewood
United States, red alder is being considered as a
+ potential energy crop. Itais used now for domes-
tic firewood, but-the new idea is to use it for
fuel to generate electricity. The wood is moder-
ately dense (average specific gravity, 0.39), and
the density varies little with growth rate, age of
tree, or -site. Its heat content is about 4,600

kcal per kg, and it makes good charcoal. Young
- red alder trees coppice quite well; three coppice

crops have been harvested from the same root-
stock in one experiment. ’

In western Canada and ithe'

Yield Red alder is one of the most prodhctiv,e _

~ trees of North America. In unmanaged, natural

stands on well-stocked good sites, mean annual

“increment (total stem) may approach 10-11 m?®

per ha.for the 20-"to 30-year rotations needed »

to produce pulpwood and small sawlogs. Yields

’

80

~— CommonName—Red alder = ha'per year. ——
Family Betulaceae
i Other Uses

o Wood. Red alder wood is moderately
dense, with a ﬁne even texture that makes it

" easy to work One of the most easily stamed

and finished woods in the world, it is popular
for furniture and paneling, although it is a soft
wood that scars easily and wears poorly. Both
heartwood and sapwbod have the same color

which’simplifies grading and sorting.

¢ Pulp. Red alder pulps well and is w1dely
accepted by pulp mills in the western Wnited
States. Alder pulp is usually blended with coni-

fer pulps to provide smoothness and softness to e

tissue, bond, envelope and book papers.

S ##Land lecl AMALIOE

red alder one of the ﬁrst plants to invade cleared
forests, landslides, and old roadbeds make it
suitable for cultivation to heal eroding or ‘dere-
lict land. It produces usable wood and adds
nitrogen to the soil at the same time. (Estimates
of the amount range from 40 to more than 300

kg per ha annwally.) In the State of Washington

the plant is being used to rehabilitate coal e

mine spoils.

Environmental Requirements The red alderis”
a pioneer species. It is intolerant of shade, .makes
full use of the growing season, and- l( as a self-
sufficient robusiness that enables it to prOSper :
in a wide variety of environments. ‘
 Temperature. Throughout its native range

mearn January minimum temperatures are about -

0° and J uly maximum temperatures average less
than 25° C Temperature extremes range from
-20° to 45°C. ’

e Altitude. 'It is natlve to altltbldes below ,

750 m.

‘humid to ’Superhunud\chmate Precipitation

ranges from 600 to 3:000'mm annually, occur-

ring primarily as rain in winter.

~® Soil. It grows on soils varymg from gravel. ‘

or sand toclay, but is commdnly found on

moist sites: swarhps, bottomlands, and along

streams. Best growt@ on deep, well-drained’
loams. ' : '

1

e Rainfall. Red alder occurs: natura]ly ina.



Establishfnent™

» Seed treatment. None required. -
e Ability to compete with weeds.
good. :

;Very

Pests and Diseases Red alder has few serious
pests and diseases in its native habitat.

Limitations Foresters have had little experi-
ence with managing red alder. It has been large-
ly ignored or considered a weed. Even today it

) Alnus_ rubra, strmght-boled 10-year-
G0 plantation averag ‘more than

° 10 cm diameter and 10-12 m in
height, near the Ore&,on coast, USA
(D. Bergstrom)

Nodules on Alnus rubra. Although it
is not a legume, red alder can fix as
much as 300 kg nitrogen per ha per
year when effectively nodulated.
(H.J. Evans)

is not considered a commercial species. How-
ever, that attitude ¥s changing, spurred by in-
creasing fertilizer energy costs and a growing
appreciation for the red alder’s potential.
Because of its aggressiveness and vigor, the red-
alder can invade plantations of slower growing
trees, overtop them, and become a serious pest.
Green Iogs and lumber are very ‘susceptible
ting, however alder ﬁrewood may - be stored
for long periods under cover.

Il




Botanic Name Eucalvprus globulus Labill.

Common Names Southeérn blue gum, Tasma-
nian blue gum, fever tree

Family Myrtaceae

Main Attributes FEucalvptus globulus is thes
most extensively planted eucalypt species in
the world. It is easy to establish, grows fast,
closes canopy early, has straight stems, and is
wind firm. Plantations do not need protection
from livestock or wildiife because its foliage is
unpalatable. The wood burns freely, leaves little
ash, and carbonizes easily to produce good char-
coal, which is already used in many countries.

Description Under favorable conditions Luca-
[vprus globulus attains about 60 m in height
(3pecimens in Spain and Portugal have reached

70 m and are among the [allcst trees. in Eu.rape), -

‘ long as two-thirds of 1ts total helcht It has a

smooth, whinsh-blue bark and handsome, dark-

green, glossy leaves. In open stands the trees

tend to be heavily branched.

Distribution  Eucalyptus globulus, a native of
the eastern part of Tasmania, is how growing in
plantations covering a total of 800,000 ha in
dozens of countries, many of them having very
different climates from its original .habitat.
About half the world’s plantation area is in Por-
tugal and Spain, but the plant can be found in
[ialy, southern France, Algeria, South Africa,
East  Africa, Central Africa, Ethiopia, Peru,
Ecuador, Colombia, Uruguay, California, and
India. The major successes have been in mild
temperate climates and in cool tropicgl high-
lands. Elsewhere it fails.

Use as Firewood The wood of Eucalyptus
globulus is heavy (specific gravity, 0.8-1.0).
The calorific value of the air-dry wood is about
4:800 kcal per kg. The wood has good burning
qualities; in India Fucalyprus globulus is widely

* cultivated for fuelwood and charcoal. The trees

coppice vigorously at Jeast twice, with yields

~usually falling off in the third coppice.

Yields Eucalyptus globulus shows remarkable
early growth in height on favorable sites (for
example, 20 m in 4.5 years in Tanzania, and
15 m in 3 years and almost 30 m in 10 years in
India). In Australia, on reasonably suitable sites,

82 *

Eucai‘fptus globulus -

it may grow 1-2 m a year for the first 5-10
years. Annual wood production of 10-30 m?
per ha has been recorded on sites in Spain,
Portugal, Italy, Peru, and elsewhere. The trees
are usually grown on rotations of 5-15 years.

Other Uses :

"o Wood. When dry, the yelldwish-brown
timber is like oak both in strength and grain. It
is suitable for light and heavy construction,
poles, piles, and tool handles. It is only moder-
ately durable. Its oil content makes it resistant

to termites; in Ethiopia it is used for telegraph

and utility poles
e Land reclamation. Its dense -and wide-

spread root system is important for erosion '

control.

e Pulp. The plant is one of the best euca-
lypts for pulp and paper making. ‘

e Oil and honey. The commercially 1mp€)r-

tant eucalyptus oil is extracted from the leaves )

of this tree. The flowers produce good honey;
in Portugal honey farms thrive near stands of
Eucalyptus globulus.

Environmental Requirements -

. Temperature. Eucalyptus globulus is na-

tive to a temperate climate without extremes of
heat or cold. Drought and cold limit its use; cli-
mate is the major limitation to its even more
w1despread use.

-Altitude. The trees have been successfully
pldnted at altitudes up to 3,000 m (in East
Africa). .

. Ra.mfall In its native range, rainfallis from
800 to over 1,500 mm, well-distributed year-
roufid. ;

e Soil. This species adapts well to.a vanety -

of well-drained soils. However, it grows best in
deep sandy-clay soils and good-quality loams.
Shallowness, poor drainage, and salinity are usu-

_«ally the'principal factors limiting its cultivation.

Establishment The tree is easily established
and reproduces from self-sown seed in natural
ferest stands.

- Seed treatment. None required.

e Ability to compete with weeds. It will

not successfully compete with grass.

Pests and Diseases | -Although growth has been
good in most areas, the trees can become af-
fected by a number of insects and fungi.
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wtatlons The dead leaves and bark that fall
“*ffom the trees are very inflammable, but after a
" fire trees will sprout vigorously from buds pro-
tected by the bark of the trunk and branches.

Related Species Similar species with promise
for firewood are:
o Fucalyptus maidenii
e Fucalyptus bicostata an
o Fucalyptus pseudoglobulus
Eucalyptus nitens
Fucalyptus viminalis
«; Lucalyptus gunnii

» Fucalyptus dalrympleana.

Eucalyptus globulus, South-eastern New South Wales, Australia: (CSIRO Division of Forest Research)

One of the most frost-tolerant members of -

the genus is Eucalyptus pauciflora var. alpina
tus niphophila). It is not very produc-
but'it should be tested at high elevation in
tropial highlands.* £. fastigiata and E. macar-
thurii dre also worthy of trjal. They can stand
frost to about -5°C, prowided it is not pro-
longed. They are more versatile and faster
growing than E. pauciflora var. alpina.”

L]
*Information from Tasmanian Forestry Commlssmn
See.Research Contacts
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E ucalyptus gr‘andrs [

- Botanic Name
Maiden

Synonym Eucalyptus saligna var. pallidivalvis
Baker et Smith

Common Names Flooded gum, rose gum

Family Myrtaceae
Main Attributes FEucalyptus grandis is a fast-
growing tree, adapted to a wide range of soil

types. It is relatrvely disease free but somewhat

frost tender. The wood makes excellent fuel.

Description £, grandis is a straight, white-
trunked eucalypt occurring in pure or almost
pure stands, frequently with a rain-forest under-
story. In virgin'natural stands, trees may reach
50-60 m tall, with trunk diameter up to 2 m.
The tree grown in African and Brazilian planta-
tions has-been selected from several generations
of cultivated crops gng is markedly superior. to
wild types\in yiedd ohd stem straightness. (It
- may be a h%rg of £, grandis and E. saligna.)

2.

Distribution = The species occurs in the coastal
areas of eastern Australia from near Newcastle
in New South Wales (30°S) into southeastern
Queensland. Isolated populations occur in north
Queensland near Mackay and om the Atherton
tablelands (17°S).

The species is widely cultivated in South-

America, the East African highlands, and South
Africa as well as.in numerous small plantmgs in_

“other countries. Tt is so important in Brazil that
huge plantations are being established with an
annual planting program on the order of 100,000
ha. . )

Use as Firewood While'the wood is only mod-
erately dense (specific gravity, 0.40-0.55), the
fast growth and high-volume yield make the
species particularly promising for firewood. It
was introduced to East Africa as a railroad fuel
earlier in the century; plantations néar Iarge

towns are still used for domestic (and .occasion-

ally for industrial) fuel

It is common pracfice to regcnerate E
grandis forests by coppice from the stumps.
Most of them will shoot within 3 moriths. They

are then thinned to the best two or three shoots
per stump. In some areas (Florida and Australia,
for example), coppicing can only be done in
spring and early summer.

4
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Fucalyprus grandis Hill ex -

o
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Yield Height, grcﬁvth of 2 m per year and di- °
ameter increases of 2-3 cm per year are com-
mon. At Muguga in Kenya (a‘rather dry site),
6-year-old trees attained a height of 14 m, and
10-year-old trrees reached 24 m. At Lushoto in
Tanzania, 10-year-old trees (density, 500 per "
ha) have rea”ched 37 m in height and 32 cm in
diameter.

. With mtensrve eultrvatron and fertilization,
plantmg }dve been aclueved in northern New
"South Wales. , ,

-Annual production is approximately 40 m®
per ha under irrigation in Zimbabwe, een
17 and 45 m® per ha for good sites‘in Ughjda,
and up to-35 m” per ha in South Africa.

There is evidence, particularly in Kenya;that
the second rotation from coppice will outyield
the seedling rotation; the initial crop averaged
178 m® per ha at 6 years, while subsequent
coppice crops averaged 277 m® per ha for the
same period. -

The usual rotations in Kenya are’6 years for
domestic fuelwood, 10-12 years for industrial
fuelwood, and 7-8 years for telephone poles. .

Other Uses

* Wood. The pale- red trmber of Eucalyptus
grandis ;is softer and-lighter than jany euca-
lypts. It is easily worked and is extensively used
for medium-quality joinery in officesjand hotels.
Small trees are sawn to make sluppmg crates for
TfiGit " Because” the freds “are “very stralght they
are 1dcal tor ‘use in telephone polcs and pager

lml for paper- pulp production and is OCCHSI il
ally peeled for veneer. Treds felled forit
need specral treatment to avoid serlou. v
from sphttmg when they dry out. e
{ e
Environmental Requirements E. grandis shows =
___marked provenance variation within its natural , =
~distribution. Selectmg the right provenance can
significantly increase productron Volume differ-
ences of up to 100 percent occurred- 1n‘tr1als in
northern New South Wales. Most overseas-col==—==
lections came from the Coffs Harbour area, but ..
Brazil is now showing interest in the.north °
Queensland populations, pa'rtTy because of their
apparent resistance to disease. , ;

s Temperature, In its® natlve ‘habitat, sum- .
mer temperatures occasronally reach 40°C,




Rhabat Khalifa, Morocco. Eucalypriis grandis,

while winter minimum may be -17 to -3°C. In
plantations the species can survive frosts if the
temperature falls gradually over several weeks.
Sudden treezing 1s very damaging.

s Altitude. In Austrazha, natural populations

‘range from sea level to approximately 800 m.

Near the equator, plantations have been estab-
lished at high altitude—2,000 m in India and up
to 2,700 in the West Rift area of Kenya (but
E. globulus is probably more productive at alti-
tudes over 2,400 m)."

o Rainfall. Mean annual rainfall in the na-
tive habitat varies between 1,000 and 1.800 mm
with a summer/autumn predominance and a
spring dry period. However, £, grandis has been
successtully established in areds where the rain-
fall is in excess of 2,500 mm, or as low as 600
mm if irrigated.

e Soil. £. grandis prefers moist, well-arained

- soils derived from a variety of parent materials
such as shales, slates, sandstones; some granite,
and occasionally basalt. In its natural habitat
these soils are generally rather infertile and have
low phosphorus Lontent The plant is sensrtrve,,,.,,.

mav ot be recoomzed because its symptoms
are those of drought stress.

Establishment Seedlings are usually raised for
3-5 months and are about 20 ¢m high, but in
some instances younger seedlings (6-8 weeks)
have been successfully planted in southern
Africa. Fertilizer applied at or about the time

20 years old, 37 m tall. (ER Berglund)

-

o

of planting can have spectacular results. The
general trend is to plant at the start of the wet
season. Spacing varies from about2m x 2m to
5 m x 5 m. As with other eucalypts, measures
must be taken<against termites when planting
on savanna sites. N—

e ‘Seed treatment. Usually none required. |

o Ability to compete with weeds. Grass
and herbaceous weeds can severely limit growth:
Mechanical or chemical site preparation is essen-
tial if rapid rates of growth are to be achieved
and maintained.

Pests and Diseases Maost exotic plantations of
the species are as yet free of any serious pests.
and diseases. In Brazil the fungus Diaportha cu-
bensis attacks the species, and termites will

-

attack the young trees. Root rot has been a -

serious problem in Zambia.

Limitations The main limitations are vulner-
ability to frost and fire. E. grandis does not
have lignotubers and is very sensitive to fire.

Related | Species- Srmﬂarelrcalypfs worth test-

“ucaj‘;p s salzgna which is closely re-

_lated; the two are often confused but are usu- .
_ally separated en "the basis of location. E.

grandis grows on bottomland in Australia and

‘E. saligna on slopes. As already noted, the two

will hybridize.

e A natural hybrid between E. grana’rs and
E. robusta, known as E. gcandzs var. grandi-
flora Maiden, is also a potential firewood.

i
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L f__;.;‘f';Botamc Name

V_Grevrllea robusta.

GreszIea robusz‘a A. Cunn -

”?f‘kCommOn Names* $1lk oak, silver oak, roble de
rsed‘a Sy a0

Famrly Proteaceae

Main Attributes This tree is valuable in plan-

tation cultivation for timber, but if cultivated at -
close spacings or in non- forest situations it could

also be valuable for firewood. Trials for this

- purpose should be attempted. It grows quickly

for such a large tree and s successful under a

'/Wrde range of chma’uc and sorl conditions.

pﬁescrrptron PA handsome Australian tree gro)v'
ing'to 35 mr high, Grevillea robusta has an atfrac-
tive shape, long and beautiful, den;efracemes of -
golden flowers, and finely cut feliage. It is bnef
ly decrduous in late wmter sometimes the new
leaves develop as.thé. 'old ones fall. Its leaves are.
like big fern froads, ‘green on the upper side,
silver-Below. They are covered with silky gray
hairs.

Distribution G%‘evz'llea'robusta is native to sub-
tropical coastal areas of New South Wales.and
Queensland and has been successfully cultivated
for shade or timber in semiarid, temperate, and
subtropical climates in India, Sri Lanka, Keriya,

Mauritius, Zambia, Malawi, Zunbabwe Tan-
zania, Uganda South Afnca Hawaii,  and
Jamaica.

Use as Firewood The wood is tough, elastic,

and moderately dense (specific gravity, 0.57). It

is.used for fuel in Sri Lanka. The trees coppice
',poorly, but can be pollarded and do reseed
. themselves readrly

Yield Fast growing, it reaches a helght of 20 m
in 15-20 years in sites with favorable soil and
climate. Early height growth averages 2 m a
year on googl sités. Yield data from Tanzanfa
report aj 14-year-old plantation (for timber)
with a m‘ean dominant height of 19 m and mean
‘girth 6f 180 ,cm; total volume; mcludrng thin-

. * -nings, wds 21%m? per ha.

Other Uses
"~ w* Wood.The pale-pink or brown heartwood

%

resembles ®k. It is handsomely grained, strong, \

durable, and excellent for cabinegwork. The tim-
~ ber is also used in making railroad ties, plywood -
.. paneling, air-freight cases, and furniture, as well

A

——

+

as in parquetry and turnery. The trrirber is con=—

sidered to have economic. andexport potentlal
for several countries.

e Beadtificgtion. Because of  its height,
good form; and .ttractive ﬂowers it is often
 planted as a street tree. ‘

_e Honey. The golden ﬂowers are attractive’
to bees, making this a'important honey plant:

. Shade It h s been used to provide hght
shade over, goffee and tea plantations.

Envu;onmental Requirements
=1 Temperature:The- plant prefers-—-warm,
mperate to subtropical temperatures, generally
with mean annual temperatures of about 20°C.
Mature trees ean withstand occasional light
= (-10°C), but young plants are frost ,

sensrtrve

o Altitude. It grows at a wide range of altr-
tudes, from sea level to above 2 300m. -
. Ramfall Annual-rainfall in its natural

habrtat is from 700 to over 1 ,500.mm, most.of .. _

which falls during the summer; however, the spe=~—
cies has been introduced in many areas with an-
nual rainfall of only 400-600 mm, with 6-8 dry
months. In addition, it also grows in areashrav-
ing as much as 2,500 mm of rainfall annuany

e Soil. The tree grows well in many types', ol

of soil, including sandy soils, loams of medium
fertility, and acid soils. As-it tends to be a deep- -

- rooted species, deep soils are generally pre- o

ferred. It does not tolerate waterlogging.

Establishment Sﬂk oak is easily pr0paga¢ted o

from the great quantltles of seeds it produces
(althdugh the seed is difficult to collect because
of the size of the trees) from about 10 years of

age. It régenerates naturally. Under normal stor- L

age conditions, seeds remain’ viable for only a
few -months after collection, but seeds dried

and stored in a refrigerator are réported tokeep
well for 2 years. Normal plantation cultivation

is by transplanting nursery-grown seedlings . -
after they reach a height of about 0 6 m. Cut- o

tings are also successful. -~ e
» Seed treatment. None requrred
s Ability to compete with weeds. Good

Pests and Diseases Several countries have re- ‘, k
ported dieback or growth reduction after about -

20 years, particutarly on dry sites. Trees in+
. Puerte Rico have become 1nfested w1th scale‘ i

msects . : e . e




Grevillea robusta, 5-year-old iplantation near Banga-
lore, India. (K.A. Kushalappa, Forest Department,
Bangalore, Karnataka)

Limitations The tree seeds itself so readily
tha; it can get out of contral. In Hawaii, where
it was introduced in 1870, it is classed as a pest
because it has run wild and shades out good for-

»

'Grevlllea robusta, naturalized stand, Huehue Ranch
Istand of Hawaii, USA (élevation 500 m, annual rain-
fall 1, 500 mm) (R. G Skolmen)

age gréISSés Ttis being eradicated with herbicides.
The trees have brittle branches and can be
damaged by hlgh winds. o




Inga vera

, Botanic Name

Inga vera W illd:‘

Synonym [nga inga (L.) Brition

- N k b R B
Common Names Guaba, guama (Cubi); guaba
del pais, guaba nativa (Puerto Rico); guama
(Dominican Republia)‘-pois doux - paille (Guad-,

eloupe, Martinique): pan’ LhOLl\ river koko
(Jam:ma) :
Family Leguminosae (Papilionoideae)

Main Attributes /[nga vera grows rapidly and is
a cormunon shade tree for coffee and cacao plan-
tations in Puerto Rico and throughout the West
Indies. lis cultivation and characteristics are
_faitly well known and its wood is useful as fuel.
Other Jnga species are worth testing as firewood
crops as well. -

Description A medium-sized evergreen tree,
Inga vera grows us tall as 20 m, with a diameter
of about*30-45 cm. It has a wide, spreading
crown of long branches and thin foliage.

Distribution The plant is found under exten-
sive cultivation, pd[(lulldrl\/ on cottee and cacao”
plantations in the Virgin Islands, Puerto Rico,
Guadeloupe,
Dominican Republic. ‘Related /nga species are
used for shade and fuel throughout Mexico,
Central America, and northern South America.
It is common aldng riverbanks and in sheltered
ravines. . .

Use as Firewood The wood of Inga vera is
moderately heavy (specific gravity, 0.57). It
makes excellent tuel and is utilized for charcoal
throughout the West Indies: The trees coppice
well. \ - ‘

Yield This is a very fast-growing species. Its
trunk diameter sometimes grows' in excess of
2.5 cm per year.

Othér Uses
* Wood. The timber can be used for utility
furniture, boxes, crates, light construction, and

E
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Martinique, Haiti, ‘%’uba, and the

" Limitations

Gy

general carpentry. Howevér it'is highlylsusc'ep-

tible to. drywood fermites and decays readﬂy ~

when in contact with the ground.

e Shade. As already mentioned, the spemes :

is widely used as a shade tree for plantatlon :

crops. he >

e Honey. It makes a good honey plant for;:

the tlowers are rich in nectar and attract bees,

e Food. The seeds are enclosed in a sugary,

edible pulp. . :

Environmental Requirements

« Temperature. The tree is native to the hu-

mid tropics.

o Altitude. Inga vera is a lowland spec1es
commonly found in coastal reglons and nearby
foothills.

‘e Rainfall. This is a tree oi"mmst areas, but

~in Puerto Rico it is also common on the dry
* southern coast. Thus,
“drought tolerance. ,
In Tts native habltat this species
grows well on many soil typcs even limestone

it seems to have some
“s Soil.

sods

Establishment
seed. | ' ‘ B

e Seed treatment. The seed should be pro-
cessed soon after collection (to avoid fermen-

tation of the pulp). The pods should be macer-
ated and the seeds separated, using copious
amounts of water. The seeds germinate rapidly,

" but are short- llved especially if drled out.

Pests and Dlseases Unreported

When planted as a shade tree in
coffee plantations, the lower branches are -al-
ways cut off and the canopy becomes so broad
and dense that the trees must be spaced 9-12'm
apart so that the coffee: plants w1ll recewe ade-
quate light. :

Related Species

beans. . s

Inga vera iscusily grown from

Other Inga species wO_rth test-
* ing as firewood crops include /nga edulis, whose
pods are so sweet they are known as 1ce cream "




Inga vera, near San Juan, Puerto Rico. (C. Rivera)

o
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o IV Fuelwood Spec1es for |
Arld and Semland Reglons

?

Bry reuons face, ;;nore drffrcult tuelwood problems ﬂlan erther the ‘humid T
"troprcs sor the troprcal hrghlands Even though sunhght temperatures and ﬁ
v soils would usually perm1‘t exceptional growth aridity so- hrmts plant life - :
that the natural biomass productivity is less than in almost any other €cosys- ' . ﬁ
tem. Yet some 450 million people inhabit the low-rainfall areas of develop- g
ing countries, and a° large portron of the earth’s biomass—0. 6 brlllon hec- - ;.
tares—is considered to be semiarid to arid “%because it’ recerves less than A
SO0 mm of annual precrpltatlon In addition, ‘there are seasonally dry trop— B
‘ical regions that may receive more than 500 mm: annual ramfall but suffer 6.

or more completely rainless months. : RO -
These hot, dry regions fall- mainly into two great subtroprcal belts alb N

northern one that takés in the Sahara and Sahel, Middle East, South A51a Wi

.and parts of North América, and. a southem one. that includes southern and. ‘

- eastern’Africa. Australia, and the South Americant dry zones of Peru;Chile,> =~ 7
Argentina, and Brazil. However there are pockets of andlty in unexpeeted‘j_‘;
areas such as the Hawaiian islands and the West Indies where aridity is cre- T
ated by a local rain shadow effect or porous (often sand or cmders) so1ls that: 2
do not hold water, - . ~ MR

- The fuelwood speues descnbed in this section are sultqble for cultlvatlon x o
: m hot, arid sites: scrub, open woodland, grassland, even sand ‘dunes in'some . -
cases. They have shown a capacity to. survive sites where annual ramfall 1s'~f"‘ L
500 mm or less (often much less) and where rainfall is extremely Vanable ,
' Many avoid drought stress because their'deep root systems penetrate to sub- -
soil moisture; others use wrde-spreadmg root systems to’ gather sparse mors- i
ture; some have both oot types. (Acacia, Prosopis, Haloxylon and Tamarix
species are particularly notable for deep roots. ) Many of the spec1es descnbed .
in this section are adapted to the high salinity often found’in the soil mois-
ture in arid areas. Many have small leaf blades (e.g., some A cacia specres) or
needlelike leaves (e.g., Tamarix spemes) to reduce’ transplranon durmg‘ '
drought; others use different physiological mechanisms to conserve mmstum
by slowmg evaporation through the leaves. Some of the plants descnbed are S
unpalatable to animals or are so thorny that they dlscourage browsmg':’
sanimals. .o . Gl

' Clearmo tforests for ‘fuel, farmmg, loggmg, and- gtazmg, together w1th 1n- o




Excessive harvesting of firewood often bredks down thie natural cycle of vegetagjon regenera- )
tion. This is particularly true in dry areas. Without trees to bind and shade the soil, grass < U
growth thins and fails to protect against erosion and desertification sets in. Former wood- L
lands becorne bare, shifting sand that i§ extremely difficult to reclaim. (A. Hutchinson)

.. vasjon§ of pe’oplcsf armjes.,and livestock have destroyed virtually all origihal T foi .
‘vegetation in these fragile dry habitats, Excessive exploitation causes deserti- ‘ o
. humon the perhuaps irreversible deterioration of the ecosystem’s productiv- ‘
ity ‘The increasing demand for wood, fuel is speeding up this desertification. - g
Pastorahsts and major citiés are casting further and further afield for fuel as
‘all .areas dround them become stripped of trees:and shrubs. As many arid
enwronments are ‘incapable of coping with this perturbatlon man-created o
desefts result. 7 . L
. The-oil-poor nations’ m these dry zones should seriously con51der refores—, ' ‘
‘ tation of arid and sémiarid lands for fuel. The species outlined ip this section - ‘ '
- are - example> of successful adaptations to this kind of environment. Others * E

that should also be examined include:

B . “

v

Acacia auriculiformjs ~ page 34 Guazuma ulmifolia” - page 48
" Casuarina equisetifolia page 38  ° Leucaena leucocephala page 50 o :
Eucalvptus grandis .. page 84 Terminalia catappa  page66 .- . .
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from just above grountl level into a spreading *

Acacra bracllystachye FE

Botanic, Name dcacia brachystachya Benth.

Common Names

Farml.y

Main -Attributes Native 1o a vast urtu of aritl
and semiarid Australia, Acacia brachystachya is
not well known ejsewhere. It is Lonsrdered d su-
erlOT rt'wood species.

Description The umbrella mulga:is a bushy
shrub growirg up to 7 m in height. It branches

crown.

Distribution Acacia brachystachya is native to
almost the entire interior of the Austrahan con-
tinent (from southwest Queensland to central
South Australia and across to the central coast
of Western Australia).

Use as Firewood. Like all members of -the.
Acacia génus, this species also makes a good
fuelwood. Its wood is hard and heavy.

" Yield Unreported._

Other Uses
* Wood. The wood is durable and is used
for the manufacture of smull ornamental objects.
e Fodder. The foliage is sometimes eaten
by Stock and can serve as fodder in emergen-
cies. Tt is not as palatable as the-foliage of some
other 4cacia species.

Environmental Requirements -
e Temperature. In its native habitat, tem-

. peratures range from 4°C, to an average hrgh of

58°C in the sun. But extremes as low as 0°C-to
as high as 69°C in the sun sometimes occur.

o Altitude. Acacia brachystachya is found
near sea level to about 600 m in its native -
habirat.

Umbrella mulga.» turpemine‘_‘; .

muha - every it is ig}gg found wheré rainfall is as much———
e . @ .

I_ecrummos.le (Mrmosordeae}a\ R ] & drou"ht' 1§ ever present..

. 'Establrshment 5

: Related Specres

good-quality timber tree.

!
t
!

Ramta]\Where\the specres is natrve an-
nual ramf.rll rs generally 200=3 30(9\mm\How-

as’ 500 mmy per year, though even here the threat

. B“rij/?fe&aa_lzmchvstachya will grow ona -
variety' otssorls including laterrtrcw
clays, loams and alluvium. -

Secd treatment. Seed-coat dormancy can
normdlly be broken by treatment w1th boiling
water./ ?

./ Abrhty to compete wrth Weedsf Un-- :
reported - ~ : o

GPests and/Diseases Unreported.

Lirrritations

“Seed production is low and ir-
regular ' o

There are a number of tropi-
cal-Australian -Acacia species worth testmg as
firewood crops* including:

- e Acacia-mangium, a vety fast- growmg spes
cies found on the edge of rainforests. In cultiva- -
tion it has reached 15 m in 3 years; witha =
diameter of 40 cm. It is also considered to be a

e Acacia lysiophloia, more of a rangy shrub
than a_tree, grows in, semiarid areas (rainfall
250-500 mm) on very poor soils. It has a sticky .
leaf, which makes it unpalatable to stock. It is
sought out by stockmen as wood for their
campﬁres o

* * Acacia holosericea, a small tree growmg-m .
in 500-1,000 mim rainfall, often in"poor soils. It
is very fast growing, often maturing in"2 years.

”

*Informatron supplied by R. Reid. See Research Con-
tacts. =

4




Acacia brachystachya, southern Queensland, Australia, (CSIR,OZ Division of Foies{ Reseyéu'ch‘)’,' o
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Acacra cambager

4cacza cambagez R T. Bak .

Botamc Name:

Common Names
ing wattle -

- Family

Main Attributes Acacia cambagei is one of the
most productive of the dcacla species that. will
grow in extremely harsh, arid environments.

Gidgee, gidyea, p1c1ya, stink-

- Leguminosae (Mimosoideae)

4

Description A _handsome, gray-foliaged  tree’

" e mer temperatures frequently top 34°C.

afd termrte resrstance aqﬁj_rs therefore wrdely
used for fence posts. It also makes. good prcture
trames and- walkmg sticks.
Envrromnental Requrrements

e Temperature. In its native habitat. sum-
\‘/ .
Altitude. 75—500 m.

'! Rainfall. In Australia it growsr /

v'a region

having only about 125-500 mm nf dnnual pre- -

.up 1o 10 m tall, dcacia cambagei has a wide-
spreading crown. However, under harsh condi-
tions it grows with a sparse, open-canopred
habrr ~

Distribution The tree is wrdespread in the arrd
"~ and semiarid areas of inland, temperate, sub-
tropical, and tropical Australia. It occurs in
"dense groves, particularly in areas of western
Queensland and morthern New South Wales.
Small-scale plantmg trial$ have been established
.in Indra North Africa. and the Persian Gulf.

'The wood is extremely heavy
1.3). It makes excellent fire-.

b

heaty to a thlck soft-white or, pale-gray ash that
may be up to 90 percent calciumi oxide. The. .
heat of burning is sa intense that it is usual to
- mix other species wrth it; otherwise firebars wrll
buckle

Yield - Unreported. '

“Other Uses v

Wood. The wood is one of the hardest
and heaviest timbers, in the world. Its grain is
close and mterlocked It is noted for durability

.

- .

-

green or dry, with an intense  °

Pests and Drseases

cipitation, falling mainly m the summer, and“x\ '

with severe droughtrs averaging 5 months long.
e Soil. It occufs on a wide range of soils.
The most common types are ¢clay loams with a
thin sandy layer on top, but grdgee isalso found
on heavy textured alluvials, heavy red and brown
loams, stony rrdges, and deep, fine sands. There
is ‘usually moderatély good surface dramage -

Establrshment
1nvest1gatron of“ grdgces reproductrve requrre-
ments. .~ r‘-'

‘Seed tieatment. . The seeds germmate
raprdly without \l\pretreatment and the use of
boiling water td7"hasten germmatron can be
harmful. o

o ' Ability o | compete wrth weeds.

reported ; ‘

i

Un-

/

s

/ _ :

Unreported .
Limitations
cies is the offensive smell of the leaves (actually ,

flat leafstalk phyllodes), especially during et .
weather. It should not be planted near homes B
Charcoal from gidgee wood has a hrgh ash éon-
tent (6 7 percent) '

l

T ere has been vrrtually no

An unpleasant. feature of thrs spe- .-
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#.?\Taiﬂr:rgAttributes

Botanic Name™
Don

Synonym cacia cvclopls

\,

Common Name

Family - Leguminosae (Mimosoideae)

Acacia cvelops can grow in
very dry areas with an annual precipitatien of
less than 300 mm. Because it tolerates salt spray,
wind, sand-blast, or salinity, it is useful for
stabilization of coastal dunes. It produces a
dense, high-quality firewood. )

Description It is a dense, ever'fgrc,en, 'bush\;/"_
shrub, often multistemmed, or-grows as a small
tree frqm3
In windy coastal sites it forms a hedge less than

- 0.5 m high. The foliage comprises light green

phyllodes, vamished when young, and growing
in a downward vertical position. Pods mature in
summer and are not shed, but remain on the
tree, exposing their seeds to predators and
dlspusus o

Drstnbutlon Native to southwestern Australia,
where it grows mostly on coastal sand dunes.
Used " for stabilization 'in South Africa, it is
spreading on sand and sandstone into coastal
bush and heathland. ) : .

Use as a Firewood A dense wood, the logs
rarely exceeding 20 cm in diameter, it is a very
popular firewood in South Africa and is sold
regularly in Cape Town.

A /
Yield Each tree yields about 12 kg dry mass

at 10 ¢m basal diameter and about 60 kg dry
mass at 15 cm basal diameter when growing ini a
sheltered site. A harvestable size may be reached
.in around 7-10 years. Near the coast, and in
stressful condftions, A. cyclops remains stunted

and hedgelike. .

Other Uses L

o Fodder. Goats and antelope browse the'
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“Rooikrans (South Atfrica)—

m up to 8. with a rounded crown.’

" ness of the species.

" phyllodes. The seeds and their olly funicles are

omn by buds prrmates, and rodcnts, and lf

a high light demand; it will not surv1ve in deep"
shade. : . f
. Tempe;atuxe Monthly medns w1thm the

' distribution range of this species vary from 5° C

in winter to 31°C in summer. Slightly resistant
to frost ‘ =

*Altitude. The species is generally found
below 300 m in altitude. )

_ Rainfall. From - 700 “to “800" mm per v
annum. : / ‘

e Soil. It.grows on quartzmc or calcareous

sand or limestone. It also is found in dner sites
such as dune crests. -

Establishment  Direct sowing .of , pretreated

~ seed. This species rarely copplces zmd mature

trees do no survive felling.
e Sced treatment. Abrasion, acxd and hot-k

water treatment are effective.

.= Ability to compete ‘with weeds Un-

rc;‘)rted ‘

Pests and Diseases ~ These are not an important
factor in South Africa;in fact, the lack of seed

destroyers is partly responsrble for-the weedi-
a :

Limitations - This s an.;a‘extrcme,ly weedy spe-
cies spread by birds into indigenous vegetation.
Once established over large areas, it is difficult

to remove or replace. There is little vegetation - s

cover beneath an Acacia cyclops thicket. The

seeds remain viable in the soil for many years. '
~ It is relatively slow growing. The pods are

nondeciduous and are therefore not easily gath-*
ered. Unlike .many Acacia species, it is not

considered a valuable tanmn or gum producer

e
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Main Attributes
“well. as-India and Pakistan, Acacm nilotica for-

- Acacia nilotica

Botanic'Name - Acacia nilqtica
(L.) Willd. ex Del.

A

Synonyms Acacia arabica auct. mult., non
Willdenow: Acacia arabicd var. indica Benth.;

Acacia nilotica var. indica Hill.

Common Names Egyptian thorn; red-heat,

~_kudupod. “sweet smell,” babul (India); kiker,

babar ,(Pakistan);

lekkerruikpeul,
sunt (Arabic) :

ruikperul,

. Family Leguminosae (Mimosoideae)

In par*sb of tropical Africa as

ests are eJ\Iremely valuable sources of fuel,

small timber, fodder, tannin, and honey. The
plant is exceedingly drought tolerant and sur-
vives on many difficult sites. In India, it is one
of the most important species in social and-

farm forestry. ‘ .
"

Description Acacia nilotica is a moderate-
sized tree that grows up to 20 m, but this is at-

tenuated by site: it is usually no more than 10m ~

high and in very unfavarable locations is only a
shrub. It has a flattish or umbrella-shaped crown
and is easily identified by its” bright-yellow,
sweet-scented flower heads, its sweet-smelling.
gray or black pods, and its paired whitish spines
at the base of each leaf. During the hot season
the tree is in full®leaf -and its feathery foliage
provides good shade.

Severalgsubspecnes_of this ,plant are recog-
nized, The two most widely grown for fuel are:’
" e Acacia nilotica subsp. mdlca (Benth)
Brenan;and

' Acacia nilotica subsp. nilotica.

Distribution Subspecies indicz is native to the’

" Sind, Punjab, and Deccan areas of Pakistan and

India. ‘It is now regenerated and” cultivated
throughout India and Pakistan, where there af%
some extensive, nearly pure forests (1,700 ha in
ast Khardesh, 5,000 ha in Poona, 6,000 ha in
ind, 5,000 ha in Punjab, and' 36,000 ha in.
Hyderabad Division, for example)
Subspecies nilotica is native to Africa and is:

widely planted there—for example ‘along the:
Blue Nile in the Sudan, in the bushveld of Natal

and Transvaal, and in Zambra and Botswaxfa
The species has been introduced to the West

Indies as an ornamental and has become natural-

ized on many islands.

98

g

- fuel on the Indian subdontinent and large quan-;

. word is heavy (specrﬁc gravity, 0.67-0. 68) and .

\lest commercial source of gum arabic, though , .

' Environmental Requrrements

: tender when young,. v /

are, inu dated w1th ﬂoodwatérs f :

Use as Fire: vood The wood is‘a very, popular © ™.

tities aresconsumed as firewood and charcoal. It-
has also been used extensively to fuel locomo-
tives and river steamers, and.it powers the boil-

ers of some small industries as well. The. calonﬁc
value of sapwood is 4,800 kcal per kg, while—"]
that of heartwpod is 4950 kcal per kg. The

the trees copprce occasronally
Yield. This is a fast. growing tree,under favor-
able soil irrigation. In cultivation for industrial: -
fuel in the Sudan, rotation varies from 20 to 30
years. In India- and Pakistan, it is generally
harvested on a 20-year rotation.” The trees
add about 2-3 cm.in diameter each year.

Other Uses 3 C

e Wood. The hard tough wood is resis-
’tant to termites, impervious to water, and is
popular for railroad ties (sleepers), tool handles,
carts, and oars, It is an attractive wood, good
for carving and turnery, and is still used for
hoatbuilding, as’it was in- ancient Egypg It'is
one of the best mining timbers ini Pakistan.

e Fodder. The leaves and pods are widely
used as fodder ‘and, in arid regions of India,
constitute the chief diet for goatsiand sheep. -
Pods contain as much as 15 percent crude -
proteir:

" Tannin, The bark and pod.s are wrdely
used in. ‘the leather mdustry, therr tannm con-
tent varies-fromr 12 to 20 percent.: ‘

o Gum. Aéacia nilotica is probably the earl-

this valuable commodlty ‘now. comes mainly
from Acacia senegal. The gum is still used in‘the .
manufacture of matches, mks pamts and con-f
fectro_nery C 7"

.. Temperature Acacia nzlbtzca.trees w1th-
stand extremes ih temperature but ‘are - frost

e Altitude. The free will grow at elevatlonS“ %
up to OmrntheHnnalayas e TR LA
e Rainfall. In general, the v;anous “su

species can.survive in very and SItes but thrlve \
under ifrigation. In contrast," stands of sub-.
species &vzlotzca i the Sudan /and’ Paklstan .




‘

Acacia nilotica, Wad Medani, Sudan. The Blue Nile floods this arca for several months eaéh,)’fear. A. nilotica is a
rugged species well adapted to periodic flooding followed by extended droughts. (P.J. Wood)

months each year and are restricted to such
sites. ¢ -

o Soil. It grows on a variety of soils, even
poor ones. It prefers alluvium, but grows well

on heavy, black cotton and clay soils as well.

Establishment. Acacia nilotica is generally
propagated by seed and rarely by seedlings. Di-
rect seeding is common practice, but the result-
{hg stands can be disappointing because of
browsing animals, inadequate’ soil moisture, or
weed competition. L »

e Seed treatment. Fresh seeds can be
planted directly, but seeds, that have been
stored must be immersed in boiling water and

soaked. In rural India and Pakistan, the pods

Tt

are’ fed to goats and the scarified seeds are
either recovered from the dung, or the goats are
confined in the area that is to be resgeded. '

e Ability to compete with weeds. Young
seedlings require full sun and frequent weeding.

Pests and Diseases The trees are sometimes
affected by wood borers in Africa, India, and
Pakistan. Bruchid beetles can seriously attack
seed in the pods. Pathogenic fungi are also
known. ' '

Limitations. The trees are extremely thorny
and could become a major problem. Thus, this

species should be introduceds only to those arid -
areas where the need for firewood is absolutely

critical.
N
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Ac Scra sali gna

Botamc Name Acacza salzgna

* (Labill.) H. WendL. L

13
P

Synonym Acacia cyanophylla Lindl.

Common Names Golden wreath wattle orange A
wattle bluesleafed wattle

" Family Leguminosae (Mimosoideae)

Main Attributes Acacia saligna is an extreme:
ly rugged tree and has -proved widely adapt-
4ble to barren slopes, derelict land, and excep-

. tionally arid conditions in Australia and North

Africa. It grows rapidly and tolerates drought...
It is used for reclaiming eroded.hillsides and
wastelands and for stabilizing drift sands as well

as for fuel. -

Descrrptlon Theplant isa dense bu:shy shrub =

- usually between 2 and 5 m-tall; whlchrzan also

grow treelike up 6”8 m tall with a smgle
stem (diameter up to 30cm). In- -spring 1t‘iFrsu--

~ ally drooping branches are clad 1n beautrf
. abundant yellow ﬂowers T _ ¥

Distribution Aéacia saligna is 'native 0 fthe °
southwestern corner of western Australia, It
was introduced to Seuth Africa in the 1840s in
an attempt to stabilize the shlftmg sand dunes,

It has algo been’planted in Uruguay, Mexico,
Israel, Iran, Iraq, Jordan, Syria, Greece Cyprus
and North Afncan countries. s

Use-as Frrewood Plantations for fuel: have been
estabh‘hed in soime Medlterranean ‘countries.
Rut, accordmg to one report frpm South Africa,
the wood is “sappy, light, and not a popular
fuelwood.” ’I‘he plant cin withstand some shade
and can. be grown. as an understory beneath
pmes or eucalypts in energy plantatlons or vil-
lage fuel and fbdder areas P

Yield .ACIZCIIL salzgna grows qull;kly, often
reaching up tq 8 m tall with a spread as great as
its height in just 4 or 5 years. In very dry situa-

L ttlons growth rate is slower. Annual yields vary

rn 1.5 to 10,m® per ha, depending on site. In_

Medlterraneaneountrles the fuelwood from
thJS species is harvested on a coppice rotation
system of 5-10 years. -

Other Uses
e "Sand-dune ﬁxatlon Thrs is pne of the best
woody species for brndrng movmg sand

~—
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o Windbreaks, It is useful for wmdbregk
amenity plantings, beautlﬁcatron projects, nd
roadside stabilizafion’in sermantl regions.. -

o Fodder. The leaves (actua]ly phyllodes) :
are palatable to livestgck when fresh or dried’
into hay. They are éSpecrallyi used as"a supple-
mentary *feed for sheep and goats Crushed ~
seeds haye been fed to sheep® w1thout ill effects i
Regrowth of established bushes fs s0 goqd that
* A. saligna can be completely”grazed off without -

‘harming the plants. e

e Gum. The damaged bark exudes coplous
amounts of a vgry acidic gum- “thit seemstd

show exteptional promisé for use in picklesand ,'»

other aeidic foodstuffs. ¥ ool
Envu'onmental Reqmrements Acaeza saligna
“can grow throughdut thetropical and the warm
temperate rﬁgrons of the world. - .

e Temperature. In its. natrve habitat, t
summer temperature ranges from about 23°10
36°C. Wintér “temperatures are 4°-9%C. T ,
plant does not w1thstand frost: and ‘grows best, " -
where the wmter and surnrner means are between
13° and 30°C respectively. - - <o :

. Altrtude ‘From near “sea level to about
© 300 m, ‘with, isolated | occurrences at hlgher
elevat’lons v, & : -

* Rainfall. Acacia salzgna .18 partrcularly o
- drought hardy. It grows where annual rainfall is -
as low as 250 mm, though it probably prefers
the more semiarid regions (annual rainfall 350~
,600 mr)’ It is also known to grow well where-
angtial rainfall is'as hrgh as 1,000 mm.

. Sqﬂl This acacia grows mamly on sandy, -
coastal plams, but it is found in a wide varlety
of environmeénts from ‘swampy sites land river-»
banks to small, rocky hills (often. grar 'tlc) and
the slopes of the coastal ranges. It occurs on

+ many soil types, especially poor acid of cdlcare-
ous sands. It will grow under the most\?}ry and
adverse soil conditions and in moderate heavy
- clays anid a rangé of podzols. The plant tole
salt spray, soil sahmty, and alkahmty \

i

e'readlly young

Establishmentf' S‘eeds'ge
plants can often be found ut
- the hundreds. Seedlings are easﬂy raised - m a.
nursery and established in the field. ThlS spec1es
develops root suckers and coppices freely -

e Seed treatment. The, seeds are: normally L

#,

{ates st

er mature ti ees in
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Tripoli, Libya. Acacia saligna, Q}lly 5 months
after its planting, in a grid system, on sand

dunes. (FAO photo)

“Sand dunes stabilized by Acacia saligna
- -plantation at Salamis Forest, Cyprus. (Min-
istry of Agriculture and Natural Resources,
Nicgsia) G

treated with' boiling water, but nicking the seed * Limitations Because of its hardiness and pro-‘

coat, soaking in 'sulfuric acid, and exposing .,  fuse reproductive abilities, Acacia saligna has
the seeds to dry heat are also effective. become a serious menace in parts of South
e Ability to compete with weeds. Remark- Africa by invading and’ displacihg-indigenous
_able. ) vegetation. It infests water courses (which may
Pests and Diseases . Acacia saligna supports a de’crez‘lse‘ the water available for pu_rpdses such
o e - ; . ' as irrigation) and has proved very difficult to
diverse and abundant range of herbivores that eradicate o Ty T
cause damage to the plant. ’ ‘ |
s ; ’ 101"
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“Acacia senegal

Bofgnic Name A cacia senegal (L)) Willd. =
Syn-%nym Acacia verek Gu}iH‘. & Perr.

Common Names Gum atacia, hashab (Arabic),
cvum arabrc tree
Family ' Leguminosae (Mrmosordeae)

Main Attributes
Acacia senegal produces excellent fuelwood,
and it is so robust that it is often the only woody
species to survive in dry areas. Acacid senegal is
the source of gum arabic?the bark exudate that
has been used commercially for at least 4,000
vears. The tree can survive the most adverse
conditions—hot, dry wind and sandstorms on
the poorest soils of rock and sand. This species
is ideal for reclamation of refractory sites and
shifting sand dunes.

Descnptron "Acacia senegal is a_small thorny
tree that grows as high as 13 m, although it is
commonly little more than a shrub. The}spe-
cies has many geographical races. The pattern
of variation between them is not yet well under-
stood, but all are likely to be excellent fuel-
wood sources. Some of them, however, don’t
produce gum. The natural life of the tree is
usually 25-30 years. The prickles typically grow
in threes at each node —the central one recurved,
the two laterals (sometimes absent) upward.
Flowers are in whitish sprkes

-

4
Distribution The treé s characterlstrc of the
driefparts of the southern Sahara and is found
throughout the Sahelian zone from Senegal to
Somalia. It is an important forest resource of
the R¥ublic of Sudan, which supplies about
80 percent of the world’s gum arabic. The prin-

cipal plarifations are in the Sudan-and Senegal,

where the local farmers harvest the crop-for
supplementary income. In addition, it" is now
cultivated in India, Pakistan, and Nigeria.

Use as Firewood In Senegal and Mauritania

.the hard dnd heavy wood of Acacia senegal is

considered the best firewood and is the main
species for charcoal. Villagers are willing to pay
up to 5 percent more per donkey load for
Acacia senegal wood.than for that of other spe-
cies such as Acacia tortilis-or Leptadenia pyro-
of ‘wead (about

*Hammer. 1977.
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Although not fast grgwing,

a. beverages, in pharmaceutical preparations, in

k3

22.5 kg) is found to equal 72,000 kcal. Fire-

wood cutters often girdle trees and let the
gum run and the branches dry for a month be-
fore the wood s carried to the kitchens. The -
trees coppice well. In Upper’ Volta fuelwood :
plantations have been established around the -
provincial capital of Dori, and more extensive
plantations are planned for cultivation around
small settlements and wells.

Yield Average production of wood from na-
tural forests is about 5 m*® per ha. It has been
reported that the yield of wood from gum plan-
tations where the trees are widely“spaced is fair-
ly low wrth annual mcrernents of about 0.5-
1.0 m3 ~per ha. But if the ‘trees are grown at a -
density. suitable for firewood production, the :
yield should be much dreater .

Other Uses -
e Wood. Acacia senegal wood is used for
“poles and agrieultural implements. The root |
fibers are utilized for rope and fishnets and for ‘
lining wells. - ’
) o' Gum. Gum arabic is used in foods and
confectionery, and in a:wide range of industrial o
applications.} T _
¢ Fodder. Acacia senegal fohage and - pods -
sare rich in protein .and are an unportant feed -
duriri the rainy season and early dry season for
. camels, sheep, and goats throughout the tree’s o
native range. : , ‘ B
o Seeds. Seeds are’ drred and preserved for ,
human . consumption-as vegetables 5
» Erosion control and soil rehabilitation.
" Acacia senegal is a nitrogen-fixing species that
probably increases soil fertility. It is highly suit-* e
s able . for agroforestry systems and is already - |
widely growfi‘in combination with watermelon,
millets; forage grasses, and other crops. It can
" be used in desertification control to reestablish =
"a vegetation cover in degraded areas as well as
- for sand- dune fixation and wmd erosron control

Environmental Requrrements S ,

« Temperature, Where the tree grows 1n the
Sudan, _average temperatures are between 14°
and 43 C; in India, temperatures are betwe
—4 and 48 C. o




» Altitude. [t grows from 100 to'1,700-m

in East AfTica.
. * Rainfall. Acacia senegal is very “drought
resistant. It can grow under subdesert condi-
tions where annual rainfall is as low as 200 mm,
with 8-11 dry months in the year, but prefers
300-450 mm. [t will also survive with annual
rainfall as high as 800 mm.

e Soil. The tree will grow naturally in sand;
it also grows in clay, except where the rainfall
is high enough to cause waterlogging (800 mm
OT more).

Establishment Acacia senegal is easily raised
from seed. Natural regeneration in existing
stands is often nonexistent; the species does,
however, regenerate easily in fallow lands and
some degraded soils, often from stump coppic-
ing.

Acacia senegal,y Sudan. (G. Sarlin, Centre Technique Forestier Tropical)

e Seed treatment.
effective.

= Ability.to compete with weeds. The seed-
lings need weeding for the first 2 years '

Pests and Diseases
sects, which can severely affect the viability of
seed, and the roots are susceptible to attack by
termites during extreme droughts. Mature trees
are remarkably resistant to insect attack, but
seedlings are susceptible. "

Limitations Yo‘ung‘plants may be seVerely
damaged by goats, sheep, and other animals.

This species may form thorny thickets and-
could become a serious pest. Both Australia and -
South Africa have policies to eradicate and pre-
“this noxious

vent further introduction of
thorny weed.”

s

Overnight soaking is -

Pods are affected by in-- |




-~ Yield Unreported:

Acacia seyal

Botanic Name .d4cacia seval Del.

Svnonym Acacia fisada S¢hweint.

Commeon Name Talh. The wood is known as

shittim wood.

Family Leguminosae (Mimosoideae)

Main Attributes Acacia seval is a resilient,
drought-tolerant ‘tree of African drylands that

resists forest and grass fires. Its wood is dense -

and highly prized for firewood in parts of the
world where few other plants survive. Its foliage
provides good animal feed.

Description A typical acacia of the African sa-
vannas, Acacia seval is a shrub or small tree,
growing up to 12 m high, often flat-topped and
sometimes branching from near the base, It has
sharp thorns, which are usually straight and
paired, vellow fragrant flowers, feathery leaves,
and curved pods with constrictions between the
seeds. Its rough bark is cream to greenish-yellow
(var. fissula) or dark gray, reddish brown, or
black, and it flakes off to expose a powdery
underJ\rtace k '

Distrifution §
helian \zone from Senega!l to Sudan. It is also

found In Egypt and in eastern and southern

Africa from Somaha to Mozamblque and
Namibia.
Distinct varletres occur in dlfterent regions;
s Acacia seyal var. seyal. Northern tropical
Atrrctl and Egypt.
* Acacia seyal var. fzs[u[a Eastern Afriga
from Sudan to Mozambique.

®
v

Use as Firewood The tree is consrdered to
produce the best firewood in Chad and provides
practically all the fuelwood brought into the
capital, N'Djaména (Fort-Lamy)s It is used in
the Sudan to make a fragranf fire over whlch
women perfume themselves.

Ofher Uses ’
» Wood. The tunber is hag/ shock resistant,
and seasons reasonably well. It has been used

P

Acacia seval is native to the Sa- °

B

1

source of early dry season fodder for sheep and
goats. It is considered the best fédder plant in
northern Nigeria and in Sahelian savannas, where
it grows in quantity. In the dry season'in the

western Sudan, Fulani drive their cattle to the;; L

drstrlcts where it grows. N

© Gum. Although darker in color and gen-*'

erally inferior to that of Acacia senegal, the
gum exuded from the wounded bark of Acacia
seyal has some economic value and is exported .
to India and Europe. It is edible when fresh,
though it has a slightly acid taste. With systemi-
atic tapping, the yield and colorimprove great:-

ly, but the trees have not yet been dehberatelykh, o

cultivated for gum.

Envuonmental Requirements
. ® Temperature Hot.

e Altitude. It is found in elevatlons up to o

2,100 m in tropical areas, but it is generally a
Iowland species found at lower elevatrons than
Acacia senegal.

o Rainfall. Acacia seyal usua]ly is found in

the drier woodland or grassland savannas’(350. .

mm annual rainfall and above). It can, however, -
withstand inundation better than other acacias
. and is sometimes found along riverbanks.

e Soil. The tree is often found -on stony " .
ground. It seems to thrive on most soil types, . .- -

even heavy clay where-it forms pure. stands (var.
- fistula withstands waterloggmg better than var.

seyal). The plant-probably fixes atmospheric: -

nltrogen tl,rrough bacteria- ﬁlled nodules on its

roots.

Estabhshment

Kl

Planting 'is by seed, but trun- ©

cheons (large cuttings) are reputed to smke

roots readily in moist soil-
" e Seed treatment. Like rnost acacia seeds,

those of Acacia seyal require scanﬁcatlon for

~good germination. For a small number of seeds,

~ the simplest method is to nick the seedcoat; for

“larger quagtities, the seeds can be dipped brief- ..
ly in boiling water or soaked in concentrated S
~sulfuric acid. - - L

e Ablhty to compete w1th weeds Unre- L

ported R ,Jx : )

for centuries; anetenthgyptrans made cofﬁns

from it, some of which still exist.

e Forage. Over much-of Africa the leaves,

pods, and flowers of Acacia seyal are a major-

' » Lo~

-104

be severely damaged by wood bo

Limitations
slow growing. -

The trees are thorny and rather".ﬁ




Acacia seval, Upper Volta. This natural stand is a source of firewood, poles,”and forage. (H. J. von Maydell)
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"Acacia tortilis

Botanic Name™ A4 cacia tortilis (Forsk.) Hayne
Synonyms Acacia raddiana: Savi. Acacia spiro-
carpa Hochst. ex A. Rich,, Acacza heteracantha

Burch

.Common Names - Umbrella thorn (Africa),
haaken-stéekdoring (South  Africa), Israel#
" babopl (India), sayal or samdr (Egypt and
Sudan), seyal (Arabic)

Famdy Leaumlnosae (Mlmosmdeae)

Mzun Attnbutes
“tinctive acacia that supplies fuel to much of
arid and semiarid Africa and the Middle. East. .
. It is a drought-resistant Species that can be
stablished in a wide array of habltats under
f;\tremelv arld conditions.

Descnptlon 4cacm jortllts is a medlum-sxzed
tree (4-15 m tall), sometimes with several trunks
“that spray upwards and outwards, fountaln -like,

that support a flat-topped umbrella of feathery
to'hace Under extreme - aridity it becomes a
small shrub, often barely 1 m tall” Under heavy
grazing it is frequently reduced.to a number of
 trailing, seemmcly uneonnected branches radi-

ating from. a,low'sand mound. Its thorns are a
distinguishing feature; there are two kinds—long,
straight,* and white,; and small, brownish, and
~ hooked. The fragrant” white ﬂowers are borne
srnoly or in clusters. Pods are contorted Or spi-
raled like a coil spnn0 L

Distribution  Four dlstmct subspec%es are

known in different ecological zones:
. SubSpeCIGS tortilis Sahel,
@ v EaSt
Sudan, Middle
- East, Sahel
Eastern AfTica,
Sudan
e Subspecies heteracantha -Southern
- - Africa
Because Acacia tortilis (subspecies raddiana)
has grown so-well when introduced to J lodhpur,
India (from- Israel), fuelwood plantations are

. Subspeéies raddiana

) Subspecie.s spirocarpa

now being established elsewhere, in” Rajasthan,

as well as in other parts of Iridia (for instance,
Haryana, Gujarat, Tamil Nadu, and Andhra
Pradesh). The different subspecies seem to have
different ecological tolerances, which is.impor-

The umbreHa thorn isa drs-

L

Middle -

2

=

tant to consider when choosmg a subs/pemes for --

plantations.
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Use as Firewood The dense,red heartwood_of

this species has high calorific value (4,400 kcal -

per kg) and makes superior firewood and char-
coal. It is one of the main firewoods (and.

charcoals) used in Khartoum, Sudan, for exam-
ple. The plant coppices well, so there is no need
to replant trees after every harvest. -

Yield Aca_cfa tortilis is fast growing . for an
- arid-zone plant. In comparison-plant trials at
the Central Arid Zone' Research 'Institute,

Jodhput, India, it was noted that Acacia tortilis--~-~
. % grew twice as fast as mdrgenous acacias and that
the plant withstood arid conditions better than
Acacza nilotica, Acacia” senegal, and Prosopis .
- cineraria, A 12-year-old plantation (3 m x 3' m

5p<_acmg),y1elded 54 t of fugt per ha.

Other Uses .

s Wood. Wood from Acacia tortilis is “used

implements and articles.

. Fodder Pods are produged prohﬁca]]y R
They fall to the ground and art devoured by

wild herbivores and goats, sheep, and other

for ferice posts and. for manufacturmg small. . ...

domestic - livestock. They provide sustenance -

for wildlife in East Africa’s national parks and

have a 19-percent protein content. The foliage -
_is also palatable. It is, for example, the major

dry-season (9 months) fodder for'sheep and

goats in the whole Sahara-Sahelian belt in the =\ -

_ Sudan. The thorny branches are u‘s‘ed'to pe'n
cattle, goats, and sheep.

. » Sand stabilization. _Acacia tortzlzs is ex-
cellent for sand stablhzatlon In Rajasthan, it

has stabilized over 800 ha ‘of shifttg ‘sand”
dunes. It has also beert used on a limited scale B

for sand dune stablhzatlon in'the Sudan

SR

Envuonmental Requlrements S
‘hot,

as hlgh
where minimum temperatures are close to 0°C.
Plants less than 2 years old are easﬂy damaged
by frost and require protection.. &

e

. & Altitude. Acacia tortilis 1s best adapted S

to the lowlands.

e ‘Rainfall. Acacia tornlts thnves wheref“-i e

rainfall is up to 1,000 mm. However dependlng
on the subspemes it is also extremely drought

reswtant and can survive in chmates w1th less

. Temperature This species grows’ well in
chmates w1th max1mum temperatures, v
50 'C; the subspemes raddiaria BIOWS - '




Acacia tortilis subspecies raddiana, Negev Desert, Israel, (M. Evenari)

“ than 100 mm annual rainfall and long, erratic
dry seasons.

e Soil. The free favors alkaline soils. It
grows fairly well in shallow soil, less than 0.25
m deep, though it develops long lateral roots
that can become a nuisance in nearby fields,
paths, and roadways. In shallow soil, the
plants remain shrubby and must be widely
spaced to allow for their lateral root growth.

Establishment
raised from seed and the seedlings can be estab-
lished in plantations with little loss.

» Seed treatment. The seeds are dipped in
hot water and soaked overnight to ensure qtiick
and uniform germination. Seeds can also be
treated with concentrated sulfuric acid.

The umbrella thornn is easily .

- .o

o Ability to compete 'with weeds. Seedlingéu
require initial weeding to facilitate faster
growth. : ~
Pests and Diseaség Seed production is often
severely reduced by insects (bruchids). Trees

" are susceptible to attack by caterpillars, beetles,

and blight diseases that infest other Mimosoideae
in an area. Wild herbivores graze new shoots
and young seedlings. N : :

Limitations Therniness.

Related Species Other African acacia§ that
can compete. in drought tolerance on sandy

soils are Acacia nubica and Acacia ehren-
bergiana.” "~
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Adhatoda vasica-

Botanic Naime A\dhaz‘oda vasica Nees
Synonym Justicia adhatoda L.

Common names Vasaka, adhatoda,
Malabar nut tree, and many others

“adusa,

Family Acanthaceae
Main Attributes
other vegetation fails, because it is not browsed

by goats or other animals. It can be cultivated
in gardens and as a hedge plant.

Description It is a lush,
branched shrub that usually
of 2.5 m, but can reach 6 m. The large leaves,
bright green on the upper surface and pale be-
low, have an unpleasant odor when crushed.
The flowers are white or purple and are al-
ranged in dense, leafy, clustered spikes. The
fruit is a four-seeded capsule that explodes to

disseminate the seeds

evergreen, many-

Distribution The species s found in waste .

places throughout the plains and submontane

tracts of India. It also occurs in Sri Lanka, Ma-

laysia, and Burma. It is grown experimentally
in southern Florida. Introduced into Curagao in
1969, it flourishes on that desert island with
only early watering until well established. It has
been occasronally grown as an ornamental in
* Cuba,

Use as Firewood Adhatode is a particularly
desirable wood for guick, intense, long-lasting,
clean cooking fire. It burns with little or no
smoke, odor, or sparks. The wood is moderately
hard and is used in the manufacture of gun-
powder charcoal.

Yield Unreported, -but it ds a fast -growing

plant and coppices well. 7
Other Uses
* Drugs. The leaves and roots are well-

known drugs in the Ayurvedic and Unani sys-
tems of medicine and are recommended fora -

variety of ailments such as colds, bronchitis,
"asthma, fever, and jaundice. European physi-
cians ‘in former times have successfully em-
ployed the dried leaves in treating typhoid and
diphtheria.

e Green manure. The ledves are used as
green -manure in paddy fields because of their
potassmm\mtrate content.

. Insectrc1des and funorc1des An mfusron
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Adharoda vasica thrives where

grows to a height -

of leaves -is used for destroying termites, flies,
mosquitoes, and other noxious insects. They

“contain ‘the alkaloid-vasicine, which is toxic tg

cold-blooded creatures (including fish) but not
to mammals. The leaves are used in packing or
storing immature fmltF to speed ripening and-
development of natural color, as well as to in-
hibit fungi and repel inSects. :

e Dye. When boiled, the' leaves give a dur-
able yellow color used fot dyeing coarse cloth .
and skins. They' are also employed ina pre[;{'nra-

tion applied-to pottery before ﬁnng to impart a
special black hue.
o Herbicide. The leaves * prevent the growth |

of lower aquaﬁcs and check the development:i- |

of parasitic vegetatron 7k
%
Environmental Requuements | -

|

 Temperature. The shrub requrres a trop1—
cal or subtrop1cal climate; i) is killed to the

ground by bnef perrods of frost but recovers

rapidly. ;

s Altitude. It grows well up t0 1,300 m in .
the Himalayas. | ' |

e Rainfall. The plant tolerates a wide range
of precipitation. Curagao averagess500 mm of
rain annually; southeast Florida averages 1,650
mm. : et
e Soil. The shrub is found on riverbanks,
dry slopes, forest margins and disturbed areas,

and in dry and moist deciduous forests. The soil
in which the shrub grows well in Curagao is |

weathered drabase in southern Florrda oolitic |
hmestone ! ' |

Establlshment Ad/zatoda vasica can be propa-
gated by seeds or outtmgs :

o Seed treatment. None required.

. \Abrlrty to compete with weeds. No data..
Flonda seedhngs were greenhouse grown or‘
grown in the feld under clean cultivation. Hav—
ing herbrcrdal ction, the plant should be a
good weed- competltor :

l
L
i
i

Pests and Diseases None observed in Flonda
or Curagao and none reported in other. areas

Limitations* Since " it is unpalatable to hve-

‘stock and has the ability to colonize waste |
places and dlsturbed areas; this plant may: be—
: come a pest when mtroduced to new areas. - \\\i. g

*Informatlon supphed by C K. Atal See Research
Contacts

N
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Albizia lebbek

Botanic Name Albizia lebbek (L.) Benth.

Synonyms Mimosa lebbeck L., - Mimosa
sirissa Roxb. (the 0enub name . 18 sometrmes
spelled Albiz: zia) _ .

Common Names Lebbek, karana East Indran
walnut, siris-tree, kokko, frywood woman s
tongue tree, acacia amanlla . :

Family Leeummosae (Munosoideae)

\an “Attiibutes This is a Tobust, adaptable
tree that produces small. timber and useftl
fuel, fixes nitrogen through nodules on its.
roots, ahd is good for reforestmu dry, alkahne
soils. :

Description .d/bizia lebbek is a handsome, de-.
ciduous tree with a spreading uymbrella of

feathery foliage, It may reach 30 m tall and a
diameter of 1 m. Tt produces white. flower
heads with striking green stamens. Its long,

* straw-colored pads rustle in the breeze Tt is

cornpletely 1eaﬂess for part’of the year,

Distribution Albzcza lebbek is one of the best-
known trees’of Indja. It is native also to Bangla-

desh,- Burma, and Pakistan and has been culti-

vated in tropical and subtropical regions in

North Africa, the West Jrdies, South America, -
and Southeast” Asia. There are extensive planta-.
tions in Nepal and in Central and South India.

Use as Firewood The wood is dense (specific
gravity; 0.5520.6) and makes good fuel. The
calorific value of moisture-free heartwood is
5,200 kcal per kg. The trees coppice fairly
well. '

Yield Although some other Albizia species .

(e.g.,A. falcataria) are among the fastést-growing
trees measured, Albizia lebbek grows only
moderately fast. In India, if it is managed in

rotations of 110-15 years or more, it produces -

about 5 m? per ha annually.

Other Uses | ‘

e« Wood. The heartwood is ﬁndrng increas-
ing use in furniture and as construction timber
forshouses. Whﬂe not easy to work by hand, it
carves and polishes well and resembles rose-
woaod’, —

s Beautification. In India, this attractive

L
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~tree is often planted for shade in gerdens and

along roadsides and in tea, cardamom, and.
coffee  plantations. It is thhly regarded by b
l\eepers for the hght colored honey its necteﬁ
provides. - -

e Foddet. The young fohage contams abput' c

20 .percent protein and is fed to livestock. One
tree, it is alleged, may provide 20 percent of a’
water buffalo’s annual feed, or 27 percent of d -

cow’s. The leaves also make useful green .

manure.

e Erosion control. The tree is a good: soﬂ
- binder and therefore is often planted along-
embankments

" Envrronmental Requlrements

] Temperature After the first year the
trees can tolerate light frost and drought.
e} Altitude. From sea level to 1,600 m in
a, V '

In : :
#% Rainfall. In its native tropical and sub-
“tropical ~grasslands, annual raipfall varies
from 500 to 2,000 mm dand the summers are

e wet

‘Soil. The tree thrixgs on a variety of soils,

thouc,h it prefers moist conditions and grows N

best on well-drained loam. The trees tolerate
salt sp/ray and grow well near the seashore.

Establishment -A/bizia lebbek produces seed
prolifically and is easily propagated by seed—
even by direct sowing. (Seeds remain viable for

4 or 5 years at ambient temperatures.) It'can . |

also be propagated by stem cuttings or root-
shoot cuttings. It sprouts root suckers wgorous-
ly when its roots are injured. :

e Seed treatment. Seeds are 1mmersed in-
boiling water and allowed to cool and soak for

24 hours. Germinatiortis 50-90 percent.

. Ability to compete with weeds. Seedlings
need to be regularly weeded durlng thelr first
- 2 years of growth. _ . N :

g ' Pests and Diseases erdhfe and hveet\ock relish

the foliage and must be kept away. In India,
some fungus diseases attack the leaves and',:
pods. ’ . [ e .

Lumtatlons Seedlings can be destroyed or
severely damaged by browsing animals. Thes tree
is not wind-firm, as its roots are close to -the
surface, The hghtwelght pods create much htter.




Albizia lebbek, south Florida, USA. (J. Morton)



Anogeissus latifolia

‘Botavnic Name Anogeissus latifolia Wall.
Conocarpus Ian'folz‘a Rokb;

Common Namgs Axle-wood tree, bakh dhau,
dhawra dhausa (Hindi)

Synonym

Family Combretaeeae i,

“Main Attributes This rugged tree produces
fine fuelwood and provides other valuable
products. It is therefore very important to the
economics of semiarid areas of India. It can be
produced on dry, rocky hills, ravines, and de-
nuded wastelands that are too dry fcg normal
agriculture, : C »

Description On deep soil the tree is laroe—
sometimes attaining a bole 15 m long and 1 m
in diameter—but on rocky slopes it remains
stunted and rounded. It is conspicuous by its

hard, shiny, gray bark and its leaves that turn

red in the autumn,

The tree is common to most of

Distribution
the dry, deciduous forests of India and the

open grasslands of Sri Lanka. It is not formally
cultivated; natural regeneration supplies the
current demgnds for its wood. The trees have
not been tested outside their native habitat.

Use as Firewood Throughout India, the
- purplish-brown wood of Anoge;ssus latifolia is
harvested from matu®l stands near urban areas
-and sold .as firewood. It is very dense (specrﬁc
. gravity, 0.9) and has a calorific value of about
% 4,900 kcal per kg (ash content, 4 percent) It

also makes excellent charcoal. The trees cop-
pice welland are fire hardy. :

Yield Cut stems have about four rings per

cm of radfﬁs.

+ Other Uses

. Wood. Fhe wood is har;d and polishes well

and is used for poles, rafters, farm implements,

and especially for the shafts and axles of carts.
. Gum. The trees produce a light-colored

and valuable gum ‘(kmowr as gum gatty or

=

Indian gum) that is twice as viscous as gum

arabic. It is used in India and is exported to
Elirope and North America for use in pharma-
ceuticals and calico printing.

¢ Tannin. The bark and leaves are rich in
tannin (up to 19 percent), which is used in the
Indian leather industry. s
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e Dye: The leaves yield a blaek dye that 1s> B |

used commercially. o !
» Fodder. The fohage is fed to ammals

s Silk. Increasingly, raw-silk comes from

tasar silkworms and Anogeissus latifolia-is one

of several trop1cal plants on whose foliage they
feed. /

e Pulp. The wood’s potential for paper pulp
has recently been recognized.*

Environmental Requirements
o Temperature. Tropical and subtrop1ca1
o Altitude. Anogeissus latifolia is found up

to 1,300 m elevation throughout much of .
* mountainous India. . )
¢ Rainfall. This- species grows in the dry;'“**

tropical forests. Some Rajasthan forests where

it. grows receive 600 mm, but they have long!.
perrods of water deficit because of irregular ...

rainfall and high evapotranspiration (generally
exceeding the precipitation). In this area the
monsoon. failed each year from 1965-1969,
causing the trees to die back, but they have ~

since resprouted with healthy vigor.f -

e Soil. These trees are usua,lly found in dry

. sandy or rocky soils.

Establishment. The trees are easﬂy propagated
by seed. In India seedlings ate planted on
staggered contour ridges and also in p1ts filled
with weathered soil. -,
o Seed treatment. ‘None requlred ,
¢ Ability to compete with weeds Unre-
ported.

Pests and Diseases These are usuallly‘ not a

. problem except during extreme drought when
“the trees are stressed, lose vitality, and can be-

conme infected with leaf spot and stump-rot

fung1, as well as insects.

‘Limitations
uncédmmonly dry and difficult sites, this species

grows more slowly than many of the other

species in this book

Related Specles Other ‘Aﬁ)ogeissus species

worth testing for firewood are A. leiocarpus .
and A pendula, which often grow in assocmtron ik

with 4. latzfolza on the subcontrnent

. *_Guha et al. 1974. .
+Verma. 1972. =

P

"Although it will produce fuel in




Anogeissus la'tffolia, Kerala, Indja (P.M. ‘Gana-
pathy) ‘ : :

'Anogeissu's' leiocarpus, Upper Voltg. (H.T. v)on.
Maydell)
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‘Common Names

AZadira;c‘bia_indica

BotaniCLNamg "Azadirachta indica A TUSE~—— — _

Synonyms Melia indica Brand., Melia, azadi-
rachta L. .

Fa=,

Neem, nim >
Family , Meliaceae.

Main Attributes Neem: is potentially one of

- the most valuable of all arid-zone trees. It can
. grow in arid and nutrient-deficient soil and isa

fast-growing source of fuelwood. Moreover, it
has many commercially exploitable by-products

- and environmentally. beneficial attributes. Al-
though in Asia neem leaves are often used as

- fodder, the ecotype in West Africa is ignored by
cattle, sheep, and-even goats, which makes it .

~easy to establish.

1

' Descnptron Neem is a deep rooted medium-
' sized tree, broadleafed and usually- evergreen,

except in periods of extreme drought. It has a
short bole with wide spreading branches form-
ing a rounded ‘or oval crown. It has moderately
thick, gray bark and its reddish heartwood is
hard and durable. '

Distribution Native td
India, Pakistan, Sri Lanka, Malaya, Indonesia,
Thailand, and Burma, neem-has been widely
cultrvatedtr the arrdl regions of India and
Africa: It thrives in the dry areas of the tropics®

, and subtropics. It has grown well in plantations.
in the Sudan and Sahelian, zones of Africa as
well ‘as in Sierra keone, Malawi, Zimbabwe,
- Tanzania, Zanzibar, and the non-Sahelian areas

of Guinea, Nigeria, and Ghana.

Use as Firewood Neem has long been used for
fuel'in India and_Africa. It has become the most
important plantation species ‘in northern
Nigeria and is planted for fuelwood and poles
around the large towns. The calorific value of

“its wood is reputed to be only slightly less than

thdt of Enugu coal in Nigeria. The wood is rela-
tively heavy with specific gravity varying from
- 0.56 to' 0.85 (average, 0.68). The tree coppices
freely and early growth from coppice is faster
than growth from seedlings.

Yreld The rate of development of young

| neem plants after the first season is farrly rapid.
As a rule, the trees put on an average annual -

girth increment of 2,3-3.0 cm, though more rap-
id! ‘growth is easily attained’ In 4 different test

the dry forest areas of, .

&

b - 4 .
. plots, tree height varied from 4 to 7 m -after

the Tirst-3-years and from 5 to 11 min 8-year-
old stands.’ e
In-West 'Aftica, cropprng is-usually done on

an 8-year rotation, with the original spacing

between the plantatrgn trees most commonly-..

24 m x 2.4 m. In Ghana, first rotation yield

~ was "30-38 cords (108-137 m®) of fwelwood

per ha, and in Samaru (northern Nigeria), the
yield of 8-year-old neem ranged frorn 19 to
169 m® per ha

Other Uses -

o Wood. Neem is related to mahogany and "
neem wood resembles Cuban mahogany. It"
resists decay and insects and is tougher than
teak. It is excellent for construction and furni-

ture making. Neem poles are straight_ and strong, V

and seldom attacked by termites.
~ o Energy. Neem seeds -contain up to 40
percent oil, which is used as fuel for lamps and

as a lubricant for machinery. The pulp that sur-

rounds the seeds is reputedly’a promrsmg sub-
strate for generating methane gas.

e Windbreak, shade. Neem has been used
successfully-as a_ w1ndbreak and as a source of
shade for cattle. It is a splend1d street tree for
the arid tropics. In the Sudan it is a commeon .
avenue tree.-

o Soil improvement. Leaves and twigs have

been successfully used as a mulch and fertilizer

in Sri Lanka, India, and Burma. Neem cake (the

residue left after extracting oil from the seeds) -
. is .reportedly an excellent fertilizer,

several
times richer in plant nutrients than manure.

Neem has successfully reclaimed arid waste; -
‘lands, particularly ln}Ind1a '

¢

» Industrial chemrcals Neem bark contams
12-14 percent tannins. In recent trials in

Indra these compared faverably with conven- -

tronal tanning chemicals. " Neem oil is a useful
1ngred1ent in soaps and - disinfectants and 1n
pharmaceutlcals and cosmetics. .

" o Insect repellent. The. seeds and leaves
yield azadirachtin, a compound that appears to

be a promising niew insect repellent. Tt is a sys- :

temic- pesticide* that  is absorbed into a plant

“and works from within. Japanese beetles and”

“*Gravsholt. 1967.

- many other insect pests (even the desert locust)
~will starve before they will eat plants treated_/

d
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Azadirachta indica, native specimen.

Fifty-y~ear-old neem §Tlade tree in the main
“street of Maiduguri, northeastern Nigeria.
(R. W. Fishwick)

Copﬁice shoots,
Fishwick)

2 years old, 10 m tall. (R W. o

rd
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Neem and Ac{zclia albida treés surround the village of Kongoussi, Upper Volta. (E. Ernst) -

with extracts of neem seed. (Azadirachtin also
appears to be a nematode repellent.)

Environmental Requirements

° Temperature ~Neem survives great heat—
even shade-temperatures up to 44°C. Trees in
Dade County Florida, have occasmnally with-
stood temperatures near 0°C or lower.

o Altitude. It will grow at altitudes from 50
to 1,500 m.

» Rainfall. The neem tree.is most successful
in arid tropical and subtropical zones having a
mean average annual rainfall of 450-1,150 mm.
However. it will tolerate as little rainfall as 130
mm per year. It is useful even where the rainfall,”
is over 500 mm, for it can tolerate leng dry
seasons.

* Soil. The tree'is undemandmg and grows
well on most soils, including dry, stony, clay,
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Kano, Nigeria. Ten-
year-old neem planta-
- Hon. (R.W. Fishwick)

N

and shallow soils. It will not grow on seasonally
waterlogged soils or in deep dry sands where
the. dry-season water table lies below 18 m.

. The roots séem to have an unusual ability to

extract nutrients and moisture from even highly
leached, sandy soils. The optimum pH is 6.2
or above, although neem will grow well at pH 5,
bringing surface soil to neutral pH by its leaf
litter. 4t does not grow well on saline soils.

Establishment Although neem can be easily
raised in a nursery and transplanted (as pot
plants, or seedlings) early in the rains of the
second season, direct sowings of fresh seed in
the shelter of existing ‘vegetation have also
proved successful, though the initial growth
is usually slower. In the field, the plants estab-
,lish an extensive root system ‘before aerial
“growth becomes rapid.



Neem Firewood. Above: Accra Plains,

Ghana. (E.S. Ayensu) Right: Kano,

Nigeria. 4-year-old coppice growth in
background, (R.W. Fishwick)

In northern Nigeria, neem interplanted
among groundnuts, beans, and millets in (arm-
lands showed markedly superior growth. When
the crop was harvested, a healthy stand of neem
seedlings was left behind. ’

Seed bearing begins at about 5 vears Seed
production and natural regenerdtion are profuse.

e Seed trearment. None required.

¢ Ability to compete with weeds. Neem is
intolerant of grass competition and needs thor-
ough weeding, especially in dry aréas.

Pests and Diseases Neem has few serious pests.
Occasional infestations by Microtermes and
Loranrus species of insects have been recorded
in Nigeria, but the attacked trees almost invari-
ably recover. Plantations of neem in West
Africa are strikingly insect free,‘ evidently due
to the tree’s insect-repellent constituents. How-

ever, in imperfectly ‘drained soils ‘the taproot
tends o rot and the trees gradually die off.

leltdthl’lS Neem seeds do not retain their
viability very long and have to be sown within

-2 or 3 weeks after harvest. Although neem

needs light, young seedling§ are liable to suffer
from strong direct insolation and a light shade
is desirable during the first season of growth.
The seedlings are killed by frost and fire.

If neem is grown among othef crops, it
needs careful control; for it may aggressively
invade neighboring plants.

Growth and utilization of neem are limited
by lack of knowledge about the tree and its
specific climatic requirements. A number of
strains (provenances) will have to be tested to
achieve the forms best adapted to local condi-
tions. .
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Cajanus “Cajan

Botanic‘Name Cajanus ca]an (L)) Mﬂlsp

Synonym  Cajanus indicus bpreno

Common Names PJgeon pea, congo pea, red

gram, gandul

Family Leguminosae (Papilion'oideae)

- Main Attributes Pigeon pea, a tood crop with
tall woody stalks, has seldom been considered
a producer of firewood. Nevertheless, it offers
the promise of a crop that within 3-9 months
produces both food and fuel for family use. Its
cultivation is already well known. In India,
about 2.3 million ha are devoted to growing
this crop. The stalks are an important by-
product for the fural home because they make
excellent firewood for the family’s daily needs.
Information gathered from the farmers indi-
cates that the- value of the stalks is roughly
equivalent to that of the grain.

The plant is adapted to lands normally un-
suited for other crops because of infertility,
aridity, or topography. [t is one of the best
nitrogen-fixing legumes and costs little to
produce. In 1978 it was selected as one of the
most promising “new” crops for the United
States.®

Description The pigeon pea is a woody shrub
that can grow as tall as 3.6 m. There are many
diverse types that vary in shape (for example,
tall, open, and upright, or dwarf, compact,
and bushy), growth period, and in the color,
shape, and size of pods and seeds. Many culti-
vars have been selected or bred for high sged
yield, but there has been no consideration of
their relative qualities for use as firewood. The
plant’s nitrogen-fixing capacify is reportedly
excellent.

Distribution The pigeon pea’s origin is not,

well known, but the plant is probably native to

northeastern Africa. It was cultivated in ancient -

Egypt and has been used widely in Africa and
Southeast Asia since prehistoric times. It
reached the Americas and Pacific in colonial
times. Today, India"is responsible for over 90
- percent of the world’s production, but the crop
is also popular in the West Indies and throubh
out {he tropics at a longitude between 30°N
and 30°S.

*Theisen, Knox, and Mann. 1978.
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Use as Fxrewood The spmdly stalks are exten-

sively used as fuel for cooking in Indian vﬂlages
In the past the stalks were employed for mak-
ing.charcoal -used in the%productlon of gun-
powder. Generally, the thick maih stem is used
fgr firewood and the thin straight branches.are

- used for thatch and basket making. The plant is
also used for firewood in Chirazulu District,

Malaw1 an area with a partlcularly severe short-

-

age of fuelwood. .

Yield: On average, 2 t of woody stalks are

obtained per “ha per growing season.f The
plants mature,_and ‘produce seeds in 100-300,

days, dependmg on cultivar, location, and time
of sowing, but thex are perennials and can be’

cultivated as such. When cut off at, ground level,
the plants do not resprout, but regrowth is
satisfactory if the plants are cut at heights
above 0.15 m. The crop is planted very densely
with at least 30,000 plants per ha.

Gther Uses
e Food. The pigeon pea-is, of course, nor-
mally grown as a pulse crop. The dry seeds con-

tain about 22 percent protein and are an impor-
tant protein food in many tropical areas. Also, .
the green seeds and the immature pods are

often eaten as fresh vegetables..
e Forage. The pods, husks, and foliage can
be used for feeding animals. The plant has also

been cultivated for feeding silkworms and the -

lac insects from which shellac is obtained.
e Amenity planting, The pigeon pea very

rapidly produces dense ground cover that pro-

tects soil from erosion. It is sometlmes planted
in double rows as a w1ndbreak and makes a
hedge that also provides food and fuel.

Environmental Requirements

A range of cultivars is available that adapt
the pigeon pea to many different environments.
Only tall-growing types should be planted for

fuelwood. The following details are based on .
experjence crrowmg the plgeon pea as a food -

S,

Ccrop.

,Informatlon dupplied by 1.  E. M Amold See Re-‘

search Contacts.

fInformation supphed by D. Sharma See Research :
~Contacts. . ?

f
i
i

e Temperaiure. The crop is cultlvated in
areas with average temperatures as high as 35 °C, i
but the most favorable growing temperatures

]




Tall pigeon pea varieties in experiments at the International Crops Research Institute for the
Semi-Arid Tropics, Hyderabad, India. (D. Sharma) See also pictures pages 8 and 13.

seem to be betWeen 18° and 29°C. It is kﬂled
b\ trost.

o Altitude. Va{ious culnvars of pigeon
pea are grown fromt sea level to high altitude
(up to 3,000 m in Venezuda for example).
The plant does not thme in seashore areas
subject to salt spray.

» Rainfall. Average annual rainfall between
600 and 1,000 mm is most suitable. However,

“the .pigeon pea can be grown in humid areas

(even over 2,500 mm annual rainfall) and is
renowned for its drought tolerance. Indeed, it
has been selected as one of the most promising

food crops for the semiarid tropics. It gives.
. economic yields of seedswin areas where rainfall

averages about 400 mm annually.

¢ Soil. Although it cannot withstand water-
logging, the pigeon pea can be grown in a wide
range of soils. Its deep taproot and extensive
lateral roat system allow it to tolerate low fer-
tility and low moisture. (The upright types,
which are probably best for firewood, have the
deepest roots.) It thrives in light sandy soils,
but grows best in neutral deep loams. Some
cultivars tolerate problem soils with excess salt,

soluble aluminum, or manganese. Inoculation is.

not needed to get good nodulanon in most
sites. i

Bl

¥

Establishment The crop is established from
seed sown directly in the field. It can be inter-
mixed among other crops. ’

¢ Seed treatment. None needed. Fresh seed
germinates well (85-95 percent). In humid

regions the seed may IOSE:‘L’Vlablllty after 4

months. _
» Ability to compete with weeds. Requires
weeding during the first 4-8 weeks.

Pests and Diseases, Many trouglesome insect

pests and discases (wilt and rust, particularly)
are known to attack the succulent foliage.

“Local extension services should have details.

D

Limitations Pigeon pea seeds can bear fungi
‘and must be treated with fungicide before
shipment.

The plants initially grow slowly, althoug};.h

small amount of nitrogen fertilizer boosts early -

v

sites.

growth. The crop cannot ‘[)e produced in shaded
. When - cultivated commermally as a.pulse

crop, the pigeon pea is grown as an annual or-

biennial because productivity declines after the
first year. When grown for forage or !green
manure it is usually maintained no rnore(lthan 5
*years. The plant will die in about 10-12"years.

iy




Cassia siamea

Botanic Name

Yellow cassia, minjri, muong,
Bombay ' blackwood,

Common Names
angkanh, kassof-tree,
cassia (French) -

Family Leguminosac (Caesalpinioideae)

Main Attributes §assia siainea has long been
culgivated tor tlrewood on plantations in tropi-
cal areas. It is inexpensive to establish if seeded
directly into the plantation site. The trees are
fairly resistant to termites, grow. rapidly in full

"sunlight, and may be harvested for fuel within a
few years.

Description This medium to large omamental

_is an evergreen with a dense crown . of foliage
and smooth, gray bark. It bears large, atiractive
bunches of yellow flowers. Its long pods hang
in clustérs.

Distribution  Cassia siamea is native to South-

east Asia from Indonesia to Sri Lanka. It has

b8%n introduced to the West Indies, Central
America,
southern Africa. Formerly, Cassia siarmea was
the most widely planted plantation species in
Africa, particularly from 1910 to 1924, It was
much planted in Ghana, western Nigeria, Zam-
bia, Tanzania, and anndd for both fuel and

poles

Use as Firewood
(specific gravity, 0.6-0.8) makes excellent fuel,
although it is ‘smoky.” The trees coppice
readily and continue yielding well for four or

" five rotations. The plant has become natural-

ized on the Accra pldms of Ghana and now
provides employment for many woodsmen and,
a continuous supply of firewood for the area.

Yield Although the tree is not large, it grows
fast and produces much small-sized wood suit-
able for fuel. It can attain heights of 5 m in 3
vears-and 15 m in 10 years (diameter, 15 cm)
Annual production can be as much as 15-m?

per ha. The plantations are usually harvested
every 7 years, though the rotation may be as
short as 5 years on favorable sites or as long as
10 years in dry climates..

Other Uses ‘
o Wood. The heartwood makes an attrac-
tive timber that is used for cabinetmaking.
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Florida, East and West Africa, and *

Its dense, dark-colored wood

&

« Revegetation. The plant serves. as dense
windbreaks with vutually no undergrowth. It is

“also useful for reforesting dernuded hills and
- cut-over areas, and in northern Nigeria it has

been used to reclaim abandoned tin-mining
sites. In India it is used as the-host for sandal-
wood, Santalum albun, a parasitic tree.

Environmental Requirements

o Temperature. The. species cannot with-

stand cold but thrives in tropical heat.
o Altitude. It is gener:ﬂly a lowland species.
e Rainfall. Cassia siamea orows in a wide

range of climates: humid, subhumld dry, and -

arid. However, it is most prevalent in mon-

soonal areas where annual rainfall is. 1,000 mm -

or more and the dry season lasts 4 or 5 months.
In drier areas (those with 500-700 mm annual

rainfall), the tree will grow after its second or-

third year only if its roots have access-to deep
‘soil moisture. In the ‘Sudan, for example, it is

grown along fiverbanks and canals and in irri-
gated plantations. ‘

¢ Soil. The plant grows best in deep, well-
drained, relatively rich soils. "It can tolerate
soils containing laterite and hmestone provided
drainage is not impaired.

o

- Establishment ' Cassia siamea grows easﬂyi and

plantations can’ be estabhshe?i by dlrect‘ seed-

, ing.

» e Seed treatment. Seeds require no treat-
ment if they are fresh. Older seed must be scari-
“fied—hot water or concentrated sulfuric amd is
usually employed. ’ » '

e Ability to compete w1th wceds Weedmg _

is necessary for the first year or two. In the

~ Sudan, the tree does not grow well in areas with-~ =/
Imperata cylzndnca although in- ‘Malaysia itis . =
reported to grow up through[]mperata grass' Syl

and kill it. ©

Pests and Diseases® The trees are, susceptlble,

to attack by scale insects.. -, e

Lunltatlons The young trees are browsed by
livestock and wildlife and must be protected. -

The, yield of wood from Cassia siamea is"
-usually not as good as from Gmelina arborea or :
so that while it is
it is bemg re-

some FEucalyptus species,
-still widely used for firewood,

' placed in somé forestry programs.

The seeds, pods, and fohage of Cassza siamea




are highly toxic to pigs, which must be kept out
of the plantations because they relish them
(cattle and sheep are apparently not affected).

Wood may contain a yellow powder that is
highly irritant to the skin.

Cussia siamea, Malanga, Angola (R.J. Poynton)

Related Species

e (Cassia marginata. A vigo'rou;sly} coppicing,
fast-growing species that is proving popular as &
firewood source in Haiti. ,

o (Cassia -spectabilis. -A fast-growing; cop-
picing species native to Central America and
northern South America. : ‘
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Co]ophospez mum mopane

Botanic. Name Colophospemzum mopane
(Kirk ex Benth.) Kirk ex J. Leonard »

Synonym Copaifera mopane Klrk ex Benth.

Common Names ‘Mopane, Balsam tree, butter-
fly tree, turpentine tree, Rhodesmn ironwood;
mopani (Indla) R

Family Leguminosae (Caesalplmmdeae)

Main Attributes Claimed to produce “the
best firewood-in Africa,” mopane ‘grows in
areas with such poor soil quality and with such
" bad drainage that they are unableto’ support
much else, including useful grasses. ,

Descnptlon Mopane can be a moderately tall
iree (up to 23 m hlah) with a deeply fissured

‘dark- -gray trunk up to | m in dlameter But -

where it is heavily browsed it be omes a
.rounded shrub. Mopane’s kidney-shaped leaves
-come in péurs and look almost like butterflies.
They tendito hang folded and stralght down
and thus pI’OdUCL little shade.

'Dlstrlbutlon Mopane is ‘a tree of lowland/
areas, especially river valleys, and of central and
southern Africa. In Mozambique,’ ernbz{bwe,
Zambpia, Botswana, Angola, and -Namibia, it

forms pure stands called “mopang: woodland.”

]

In 1965 it was introduced to the Rajasthan area
of India, and has proved to be one of the few
exotic Speqes to regenerate from self—sown
seeds under arid Indian condltlons

Use - as _FII‘EMOOd The dark-red to blackish
wood is very hard and heavy (specific gravity,
more than 1.0). The heartwood burns slowly
and quietly and gives off great heat. A log left
on the fire in the evening may still be burning
the following morning. After bush fires, fallen
mopane trees are gften found smoldering for
weeks. The residue of .fine white ash is negli-
gible. The tfees coppice wgorously after fire,
frost, or felling,

Yield In the arid chmate of Rajasthan when
grown in sandy soils, mopane grew slowly,
reaching a height of about 5min 10 years

Other Uses |

e Wood.! The wood is durable Mopane
poles are used in hut construction and for min-
ing props, fe"nce posts, piles for bridge construe-
‘ | ;

122

| often defoliated by the “moparze worm,’

tion, and for 1a11road tles It is also used to
make carved ornamental artlcles and parquet.

¢ Fodder. Mopane leaves are scented and .
are readily consumed by livestock and wildlife.
The flavor does not taint milk or meat, even if
the animals have fed on them excluswely The
leaves’ retain high food value even after they
have fallen. Mopane could be a prime protein
source for game farming in regions where cattle
cannot survive because of tsetse fly or long
droughts. ‘

Environmental Requirements

e Temperature. Mopane is native to hot,
tropical climates. It withstands high summer
temperatures that * frequently surpass 36°C.
However, it withstands only mild frosts; heavy
f'rosts may cause the branches to die back
~Altitude. Grows best below 900 m. -
Rainfall. Grows well where annual rain-
fall is 200450 mm; sometimes found where
annual rainfall is above 800 mm. Mopane sur- |
vives in the Kaokoro area of: Namlbla where /
rainfall is a meager 125 mm. o

~e_Soil. Mopane generally grows in shallowﬁ{/
cqmpacted clay, alkaline, and badly draine
soils. But ‘it grows. best in rich, deep, alluvi
soils. The plant has remarkable ability to tolér-
ate dry, saline sites. Although it is legumino/us,
the mopane does not seem to nodulate in/the
~wild, It is anortant for stablhzmg dry, alkaline
soils.

/

P

" Establishment The plant reproduces /ell by
seedhngs Young plants produce root guckers .
as well.

* Seed treatment None required. .
e Ability to compete with weeds. Except '

* under very dry conchtlons moparne /competes
poorly .with other species and its seedlings may .
be’ suppressed by grasses”

In Afrlca mopt/ne trees are
a
' hairless, black caterpillar. (Dried or roasted, the
I catelpﬂlar has a mild turpentine-like flavor and
is a protein-rich delicacy. for so/me rural Afrl-:
cans.) *
Also closely associated with t fe mopane tree
a

Pests and steases

| -in Africa is the “mopane bee,”/a small and irri-
tating insect that occurs in large numbers and




always makes straight for the moisture around
one’s eyes and nose:

Limitations Mopane is a very difficult tree to
fell because of the wood’s extreme hardness.
Felling by axe is a slow process and even a

I

lié,htweight chainsaw’ is defeated. It becomes

even harder and more difficult to cut when the -

wood dries out.

The species is not cultivated in comrnerc1al
plantings, so- there is little information on its
propagation, protection, or yield. ‘
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. raised for afforestatlon purposes.

Emblica ofﬁcma]zs T

Botpmc Name Emblica ofﬁcmalzs Gaertn.
Synonym  Phyllanthus emblica L.

Common Names Emblic, Indian gooseberry,
aonha mirobdldno, nelli, amla, Malacca tree

Famﬂv Euphorbiaceae

Mam Attributes This is a food and medicinal

erop much appreciated in tropical Asia. When - .

land is cleared,~this is the one wild tree

ys left standing because its fruit is so es-

tee ed for relieving thirst. In Thailand, buses

stop in the countryside to allow passengers to

dismount and pick the fruit. The tree has po-
tential as an unportant firewood crop..

Description Emblica officinalis is a medium-

sized, deciduous tree growing to a height of 25-

33 m. It has slender branchlets, feathery fo-

liage, clusters of small, almost inconspicuous,
greenish-yellow flowers, and round, hard, pale-

. green or red acid fruits.

Distribution This tree is found both:wﬂd and
cultivated throughout much of tropical Asia:
central and southern Indja, Sri Lanka, Burma,
Malaysia, and China. It is often cultivated in

. gardens and home yards for its fruit: Individual
. trees have been cultivated in Florida, Hawaii,

the West Indies, Cuba, Puerto Rico, Trinidad,
and Panama. In Rajasthany India, the species is

Use as Firewood ; The red, close-grained wood
serves as a good fuel and makes excellent char-
coal. It is dense (specific gravity, 0.7-0.8),
burns with a calorific value of about 5,200 kcal
per kg, and has an ash content of about 2
percent. The stems coppice easily. when the
trees are cut back.

Yield It is a fast-growing tree, producing 2.7
rings per 5 cm_of diameter. Seedlings that went
through an unusually cold winter grew to near-
ly 3 m in just 2 years in Florida.

Other Uses

» Wood. The wood from Emblica officinalis
is durable even under water, and is used for
agricultural implements and for lining wells.

e Food. The acid-tasting fruit of this
species is one of the richest known natural
sources of vitamin C. Two of its fruits 2.5-4.5
cm wide, weighing a total of 100 g, contain
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nearly 12-15 times the 'amonnt found in an
orange. The fruifs are also rich in pectin. They
are used fresh, dried, or pickled in cooking;

. preserves, felishes, and candies. Healthy trees

15 years old in India produce 200 kg of fruits.
» Fodder. The fohage and fruits are relished
by livestock.
e Gréen manufe. In Indla the branches are
lopped for green manure, particularly for neu-

tralizing excessive soil alkahmty in betel nut .

and cardamom plantations.
Lo &

Environmental Requirements
 Temperature. The trees are best adapted
to a climate with a distinct winter and summer.

They are frost sensitive when young (up to 3 .°

years) hut withstand freezing temperatures

- when mature. At the other extreme, mature
_trees tolerate temperatures as high as 46°C,

while young plants. must be prbtected from

such heat.
e "Altitude. The tree- grows w11d from sea |

level to 1,800 m elevation in India.

. Rainfall..uThe emblic is native to humid
climates, but has grown well on dry sites in the"
West Indies.

.. Scnl The plant can be cultivated in alka-
line, soils where most fruit crops fail.
Wever, it p¥fers a deep, moist loam soil, and
flodrishes on Aluvial soil. Hard pan at a depth
of 1 m may halt growth' after 10-12 years. |

Establishment

Emblica ofﬁcinalisd is propa-

. gated by both budding, cuttings, and inarching.

Seedlings do not come true to type. The fruits
are small -and of inferior quality. Budded trees
begin to fruit-after 6 years.

. S§ed freatment. Treatment w1th hot
water (80° C) for 5_minutes ensures 80 percent

_ germination in about 10 days. The seeds are
 qot viable forlong. . &

e Ability to compete w1th weeds Tt com- * ‘

petes fairly well.

Pests and Dlseases
not in Florida. In India, ‘the pest Bestonsa

stylophora sometimes attacks the trees. The
most serious enemy is the bark-eating cater-

pillar (Inderbella sp.), which can be controlled -

by twice-a-year spraying with insecticide.
Seedlings-can be destroyed by insects, rats, or
sqmrrels :

i

o -

The trees are attack‘ed"‘by'a:” e
leaf rust, ring rust, and fruit rot in India, but




Emblica officinalis,
Lucknow, India. (G.S.
Srivastava) '

Limitations The tree requires honey-bee
pollination to avoid heavy flower and fruit
drop. Poor pollination may result in 70 percent
flower loss. The branches are brittle and often

Emblica officinalisgMirzapur District, Uttar
Pradesh, India. (J. and P. Hubley)

break with the weight of a heavy crop. Ydung
plants may need irrigation every 10-15 days
during especially dry seasons.
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Fucalyptus camaldulensr's -

Botanic Namé Eucalyptus  camaldulensis
Dehnh. v :
Synonym  Eucalyptus rostrata Schlecht.

Common Names Red river gum, red gum,

Murray red gum, river gum

Family Myrtaceae

" Main Attributes  As >ﬁrewood; the timber from
Eucalvptus camaldulensis has few equals. It is
also a good charcoal wood, and the steel indus-
try in Argentina, for example, relies on its char-
coal for steelmaking. The tree will grow in
many climates from tropical to, subtropical; it
has the ability to thrive on relatively poor soils
and in areas where dry seasons are prolonged.
Fucalvprus  camaldulensis  and  Eucalyptus
globulus (page 82) are the most widely planted
eucalypts in the world.

Description Eucalvptus  camaldulensis s
found over almost all the mainland of Australia.
In the tropical north it is usually a slender-
stemmed tree up to 25 m tall, with erect or
spreading branches and a smooth bark that may
be pink, cream, or whitg: In the subtropical
south it is a thick-stemmed tree (sometimes
with a diameter over 2 m) up to 40 m tall, with
wide-spreading branches and a flaky bark. The
trees are often <rooked {(more so than F.
grandis and E. globulus).

Distribution About 500,000 ha of Eucalyptus
camaldulensis have been planted throughout the
world It is the dominant eucalypt around the
Mediterranean (for example, Spain has 114,000
ha and Moroeco has 87,000 ha). Plantations are
also found in Pakistan, Uruguay, -Argentina,
Kenya, Nigeria, and Tanzania. In Australia,
it is the most widely distributed of all eucalypts
‘and occurs along or near almost all of the
seasonal watercourses in the arid and semland
areas. , -

Use as Firewood ‘When quy dry, the wood is »
an outstanding fuel, highly valued in Australia. -

"It is moderately dense (specific:gravity, 0.6),
with a fuel value of 4,800 kcal™per kg. The

species is being planted in fuelwood projects in

- Upper Volta and*Senegal
Some of its provenances coppice well for six
or more rotations. .
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‘tations-

Yield With the right provenance oh a favor-

able site, Eucalyptus camaldulensis grows very
fast. Mean annual growth increments of 2 m in
height and 2 cm in diameter can be maintained
for the ﬁrst 10, years. Annual wood yields of
20-25 'm*® per ha have been -reported from
Azgentrna 30 m*® per ha from Israel, 17-20
m® per ha from Turkey for the first r_otatlon
(from seedlings) and 25-30 m® per ha in sub-
sequent coppice rotations. On good sites, plan-
are managed - on coppice rotations
of 7-10 years. But on poor dry-sites, annual
yields drop off to between 2 and 11 m® per
ha and rotations of 14 or 15 years may be
needed.

Other Uses

o Wood. The. reddish heartwood is madeér-
ately strong, durable and resistant to termites. -
It is useful in general construction and is the
most impor¢ant inland hardwood in Australia.

e Shelterbelts. In dry areas, the species is
commonly planted along roadsides; in shelter-
belts, and in farm woodlots. In the Sudan, it is
planted to protect crops from blowing sands.
With its heavy and widespreading crown 1t isa
good shade tree.

e Honey. Honey produced from the nectar
s clear or pale in color, with 4 mﬂd pleasant
flavor.

e Pulp. The wood is sometimes used for
paper pulp, although it is harder, heavier, and
more deeply colored than the wood from E.
grandis or E. globulus. . :

Environmental RW:nts Because . the
spemes occurs over su n extensive natural

range, seed collected from different locahtres’k-_’;w ‘
may produce trees with very différent appear--
" ance, growth rate, health, environmental toler-+

ance, and wood quahty It is critically impor-
tant to get seed from a climatic zone similar to
that of the plantrng area.- Four outstanding
provenances$* are “those from: Kathenne (Nor-
thern Territory) and Petford (Queensland) for..
troprcal cliates; Lake Albacutya (Victoria)
for Medrterranean climates;- and Broken I-hll

‘ (New South Wales) for arid climates.

e Temperature. The trees-withstand hlgh

summer temperatures and are hardy down to

T
*For more information see Jacobs, 1977. i



3°C, though some provenances can withstand
-5°C and as many as 20 frosts a year. '
e Altitude. Although mainly a tree of river

ances can he orown in high-
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1,200'm in Zimbabwe, fd_r-

nlaine came nraven
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land areas (above
example). 1

e Rainfall. In (its native hab1tat the species
is found both in areas of low and high rainfall

(200-1,250 rnm) -A "lower limit for com-
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although the trees will grow well in drier areas’
if there is seasonal flooding or & high water
table, Provenances from the tropical north of
Australia are from a summer rainfall area, those.
from the temperate south are from a w1nter

rainfall areg
rainiau au:a
e S

oil{ The tree adapts well toa w1de vari- .

ety of soils, although, as noted, ‘the provenance
choice is very important. For example, seed
frome Wiluna (Western Australia) and Port
Lincoln (South Australia) tolerate calcium soils

better than most. Salt tolerance also varies with -

seed origin. Most provenances, however, will
tolerate periodic waterlogging.

Establishment Eucalyptus camaldulensis pro-
duces good seed crops every year or two. Seed
germination is high and seeds are long-lived
when sealed and in dry, cold storage. Seedlings
are usually started by norsery planting in
containers. When transplanted to the field,

spacings as close as 2 m x 2 m are used for

fuelwood.

e Seed treatment. None required.

o Ability to compete with weeds. Poor;
extensi\;e weeding is mandatory.

Pests and Diseases The leaves are not
by Iivestock or wildlife—an advantage,/Matiire
trees are also fairly fire resistant, although
young ones are susceptible. Young' trees and

those weéakened by ‘drought -canbe-badly in=—-

fected by moth larvae, eucalyptus snout beetle,
termites, and eucaly‘pt borer

Limitations ~Selecting sebd of the right origin
1s\he single most important factor for success-
ful\reforestation. Seeds mTJst be selected with
particular thought to latltude altitude, temper-
© ature, rainfall, soil type, and pest resistance.

Vﬂlagers in Upper Volta “have selected
“neem (page 114) and Acacia senegal (page 102)

over FEucalyptus camaldulensis because the -

- wood burns fast and smokes heavily; also the
tree kills other plants a:ound it. :

Related Species Similar species with promise

avored -

“tral Coastal Plain, Istael. (R Ka:schon)

for firewood plantatlons include Eucalyptusybﬂk'

Eucalyptus camaldulenszs 7-year-old plantatlon Cen-

terencornzs for troplcal latltudes b




, Euca]yptus cztrrodorta R

Botanic Name Eucalyptus citriodora Hook

Common Names,/ Spotted gum, lemon-scented

gum -
Family Myrtaceae l
Main Attributes Because of its fast growth,
excellent bolé form, and good timber quality,
this adaptable species is being increasingly cul-
- tivated. Several hybrids betwgen Eucalyptus
citriodora and other Eucalyptus species have
proved successful and are worth considering for
fuelwood plantations. The hybrid with E.
torelliana "has shown considerable promise in
Nigeria, for example. .-

o

Description - Eucalyptus citriodora is an attrac-
tive tree with’a white, red, or faintly bluish
bark. It grows to about 45 m ir height, with a

 straight white trunk about 1.3 m in diameter
and an open, graceful crown of narrow, pendu-
lous foliage. S

Distribution Eucalyptus citriodora occurs
naturally in only two locations: the ‘central
and northern coasts of Queensland, Australia.
However, it has adapted to cultivation in a
" number of countres with widely differing
climates and soil types.
been obtained in Portugal and in much of
Africa. It has also done well in Brazil, India,
and Hawaii. .

Use” as Firewood Eucalyptus citriodora has -

long been used as a fuel in Australia. The hard,

heavy wood. (specific grav1ty, 0.75-171) burns’

steadily. Its charcoal has an ash content of 1-2

percent. This is the pnnc1pal species employed -

in Brazil for charcoal-used m steel production.

.Yield The' species is fast growmg, typically
increasing in height by 3 m per year for the
first several years and grovymg even faster in
the best. localities.
‘ harvested on an 8-year
15 m® per ha per year.

Other Uses .

* Wood. The wood is/very heavy, strong,
and tough, with a relativgly low shrinkage in
drying for its density. It i is moderately resistant
to decay and termites. It makes a first-class saw
timber and is used for general construction,
poles, tool handles, railroad ties, and other
purposes. '
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Good results have

Plantatuons in Tanzania,
]:opplce produced

Limitations

' plantmg maten
--times.

\ "

. Perfume The leaves of FEucalypius

czmodor\‘ y1eld a lemon-scented oil;~rich-in =

citronellal, 'used in the perfume industry.

. Honey In Kenya, Eucalyptus cztrzddora ;

is a favorite of beekeepers because -of ‘the qual- ‘

- ity of the honey and the amount produced.,

e Beautification. The species has beeh
planted in Portugal and North Africa as an -
ornamental. ~

N

Environmental Requirements
e Temperature. In Queensland, natural
habitat of the species, the climate ranges from
tropical to subtropical. The trees 'withst'and
both high temperatures (29°-35°C 'mean
monthly maximum) and light frosts. However, .

~as a seedling, the plant is dehcate and frost

sensitive.

e Altitude. It occurs at alt1tudes from sea
level up to 900 m in Queensland, but in Sri
Lanka it has been grown at elevations as high as
2,000 m. In Hawaii, it grows from sea-level to
about 500 m; other eucalypts do better at high
elevations.

e Rainfall. In its native habitat it tolerates
dry seasons ‘of 5-7 months: The minimum re-
quired annual rainfall is 600 mm, but for best
growth, over 900 mm is desirable, B

e Soil. In its native habitat, this tree occurs

on rolling countryside where the soils are gen-
erally poor and gravelly, including podzols, re-
sidual podzols of lateritic origin, and infertile
clays It seems toprefer well-drained soﬂs

Estabhshment Most planters raise seedhngs in
a nursery for later transplanting, but in Zim-
babwe the se,led'has been successfully sown in
ash on ground that had just been burned.

e Seed treatment. None required. . c

e Ability to compete with weeéls Although
the tree needs protection when young, seedlings
0.3-0.5 m tall planted on-wet Sites in Hlawaul
have beaten out most competmon

~

]

Pests and Diseases “None reported.

Becahise it has large, brittle branches it is
not recomsmended for urban or: Qlousehold"

planting where the trees would be alloWed to

grow large

|
i
kS . , -

Eucalyptus " citriodora produces -
- good seed erop a?nly irregularly in Australia;so
is relatively hard to get at
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Eucal yptus gomphocepha]a

Botanic Name Eucalvprus gomphocephala

A.DC.
Common Name Tuart LT
Family ‘Myrtaceae ‘

Main Attributes In many countries this Aus-

tralian eucalypt is a popular tree crop for sands .

or sandy soils, especially those high in°lime or
limestone, which is toxic to many other species.

It has proved outstanding for planting in winter

rainfall areas on soils where, for example, even
Eucalyptus camaldulenszs falls

Description Commonly, tuart is a tall tree,
reaching up to 42 m in height and having a di-
ameter of over 2.3 m. The trunk is short, often
no more than half the tree’s height, and is fre-
quently crooked or forked. The tree is charac-
terized by fibrous, dull, pale-gray bark, with
thick, shiny leaves. It has both a deep taproot
(to 6 m if the water table is that deep) and ex-

tensive surface roots. It theretore exploits both”

deep groundwater and surface water.

Distribution The only.naturat tuart torest in
the world is on a narrow strip of sand plain
(overlaying limestone), often barely. 1.5 km
wide, about 200 km long, extending behind the
coastal dunes just near Perth in Western Austra-
lia. The largest cultivated areas are in North
Africa. Morocco has over 66,000 ha of planta-
tions; others are in Tunisia and Libya. The plant
has also shown promise for Italy, Greece, Tur-
key, Israel, Cyprus, Ethiopia, and Uruguay.

Use as Firewood Tuart’s grayish-yellow wood
is hard, tough, durable, and one of the densest

known woods. It burns well and makes good

firewood.

Yield Annual yields of 21-44 m> per ha have
been obtained on irrigated fertile soils in Mor-
occo. On more difficult sites, annual yields of
6 or 7 m? per ha are more typical. For firewood
production, rotations of 7-10 years are used.
The trees regenerate readily from copprce

J

Other Uses o /

. Wood. Tuart wood ‘seasons and works
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!

well and is-excellent for constructlon fence.
posts, and stakes.

* Environmental protection. Tuart has been
widely planted to stabilize sand dunes and for
windbreaks (it is; wind firm), soil protectlon, /
and‘as an avenue and shade tree o i /

1

Envuonmental Requirements = . =/
e Temperature Absolute minimum is.~4° C.
The tree is native to a temperate chmate with
winters that are usually frost free and summers
that have cooling aftemoon sea breezes that,

temper the heat.
e Altitude. It has shown promise - at altltudes :
up to 2,000 m in Ethiopia. .

* Rainfall. Absolute minimum, 300 an-
.nually. Tuart is showing good results 1nr(3§lorth
Africa and Turkey in both semiarid (350-600
mm) and subhumid (600-1,000 mm) zones. In - -
its native habitat, precipitation is generally
about 700-1,000 mm annually, with 6 dry Sl}m-
mer months,

_Soil.- Native tuart _gIOWS on neutral yel
low or ~brown sands overlaymg hrnestone It

a

~ grows well on free-draining sands and wilsl;toler-‘ 5
ate up to 25 percent of active calcium. It toler- 50
ates slightly saline soils, but not waterlogging. It .. =

will tolerate lower fertlhty than £, camaldulen- ¢
Sis. . "

Establishment The plant is easy to raise from
seed. N % ‘
¢ Seed treatment. None requ1red
» Ability to compete with weeds, To sup-e’:ﬁ

press weed growth, cultivation by dry- farmlnghg( e ‘
techniques is’ reqmred m the ﬁrst 1 -2 years: Vit

after planting.

<

Pests and Dlseases A borer attacks drought- ,
stressed specimens. Young! plantatlons are sus-
ceptlble to fire. -/ : , :

Limitations The tree is unsuitable for dry areas
where it is very prone to eucalypt borer (Phora- /-
cantha semipunctata). Also, it has poor frost

tolerance and is unsuitable for hlgh"hrne soﬂs .




Freouazite, Morocvo. Fucalvprus gomphocephala 307 years old, 27 m tall, and 37 cm diameter, growing in arid,
calcareous, stony soil. (F.R. Berglund)
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E ucal yptus microtheca

)

Botanic Name

" Eucalyprus microtheca
F. Muell. '"

Synonym Eucalypitus coolabah Blakely &
- .

Jacobs

Common Names
abah

Family

Flooded box, coolibah, coo_l-

)

Myrtaceae

Main Attributes Coolibah is the tree of artd
areas of inland Australia that is featured in
“Waltzing Martilda,” the 10US song of the
jolly swagman. It produces ione of the strongest
and hardest timbers in the world and makes
a very good fuel. The tree flourishes in dry lands
because it resists drought, high [empudtures
" and all\ttlme soils. ’

Descnptlon
ing on site, be a stunted bush barely 3 m tall or
a tree over 20 m tall, with a bole I m in diame-
ter. With 1ts spreading branches, it is highly re-
garded iny “central Australia for the shade it pro-
vides, oftcn whert no other trees can survive,

Drstnbutton It is found over a wide geograph-
ical p’anae in all the Australian states except
Vtctona and Tasmania. Typically, it is found in
open woodlands, seasonally inundated land
around the edges of swamps or lagoons, or on
. the extensive floodplains of inland rivers.

The coolibah has been grown with success in
the Sudan, Iran, lraq, Pakistan, Tanzania, Ni-
geria, and boypt

*Use as Firewood Coolibah is cultivated for

fuelwood in the Sudan and other countries. -

There are many woodlots of it in the Gezira
Agricultural Scheme ‘and they are being con-

needs ~Coolibah charcoal is-good, bui has a rela-

tively high ash content (between 2 and 6 per-
cent). The tree coppices well.

Yield On suitable sites with irrigation, growth
may reach 2.5 or 3 m per year,.In the Gezira,
it is harvested after 8 years from 2 seedling crop
and after 6 years from subsequent coppice
Crops. ¥

~ Other Uses

* Wood. Because of interlocking grain,
coolibah wood is difficult to work and is unsuit-

This variable species may, depend-

‘ leltatlons

~ i -
3

able for construction, but it is strong, resists
decay and termites, and makes durable poles
and fence posts : o

e Shelterbelts. Coolibah.is a good tree for
shelterbelt: planting; it is wind firm and almost
free from insect and fungal pests. It is valuable
for soil conservation, erosion control, and shade
in torrid regions that desperately need all three.

Environmental Requirements

e Temperature. Coolibah’s native habttat is
hot most of the year, with mean maxnnum tem-
peratures in the hottest months from 35°238°C;
méan minimum temperature in the coldest

~month is about 5°C. It can withstand a few

frosts a year.

e Altitude.
340 m, and up to 700 m.

* Rainfall. The main area of coolibah’ s na-
tive habitat is arid-or semiarid, with annual rain-
fall as low as 200-mm and with a dry season of
up to 7 months. But the plant tolerates higher
rainfall, and in southeastern Queensland, cooli-
bah occurs in areas with annual summer rainfall
of 500 mm. Rainfall inl the northern part of its
habitat is monsoonal, with up to 1,000 mm of
rain annually. ’

. o Soil. The soils of the sites where it grows

L are usually clays or silty clay loams, often alka-

line. Generally, they are heavy soils, character-
istic of seasonally inundated watercourses,

Establishment The trees are easily propa‘gategd
from seed. Seedlings are ready for transplanting
to the field after about 6 months, when they

It’ grows mamly from 80 to -

reach about 40 cm high. Direct sowmg ig not &

satlsfactory
s Seed treatment. No special treatment is

during germination.

requires complete weeding until it is well estab-
lished, because the extremely small seeds give

» rlse to puny seedhngs

started by CSIRO Division of Forest Research
in Canberra—and provenance trials would be ad- -

.visable before any large planting program is
- undertaken. i

“The trees are fire-tender.

[

~required, but geeds must be exposed to l1ght T

o Ability to compete w1th weeds The tree

There seems to be considerable ;
genetic variation inthis species—a study has been -

7



Eucalyptus microtheca, Rockhampton, Queensland; Australia. (CSIRO Division of Forest Research)

Y
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Eucalyptus occidentalis -~ .-

il

Botanic Name . Eucalvptus occicleiz'ralis Endl.

Comrmon Names Swamp yate, {lat-topped yate
Family Myrtaceae

Main Attributes This is a eucalypt that can:
grow under very saline and alkaline soil condi-

tions. It is a possible candidate for unusually °

difficult sites. .

Description In Australia Eucalyprus occiden-
talfs attains heights of 28 m and diameters of
up. to 0.8 m. It has a flat-topped or umbrela-
like crown,

%

Distribution The species is native to the semi-

_arid wheatbélt zone of western Australia-and to

parts of the adjacent sibhumid zone. Good re-

. sults have been obtained on small-scale planta-

tions in Iran, Morocco, Algeria, Sri Lanka, Cali-
fornia, and Hawaii. It has grown well in the dry
\Jecvev Desert of Israel, an area where even E
camaldulensis bar ely survives.

Use as Firewood Swamp yate produces a hard,
heavy wood that burns steadily withra hot tire. -

Yield .Its growth is generally slow, though in
San Jose, California, under horticultural condi-
tions, it grew 5 m in 3 years.

Other Uses v

» Wood. The timber is of high quahty and
can be used in construction and for products re-
quiring heavy-and strong wood.

o Shade. The tree is recommended by the
Forests Department of Western Australia for
shade planting; it is suitable for park use because
its light shade permits grass to grow to the base
of the tree.

Environmental Requirements-— —— —— -~ ~

e Temperature..In its native habitat, sum-
mers are mild to hot, with brief periods. over
38°C; the winters may have up to 20 frosts a
year and a mean minimum of about 2°C for the
coldest month, .

o Altitude. The speciesis found at S0-300 m
in altitude.

* Rainfall. Thisis a drought-tolerant species.
Rainfall 1r71 its natural habitat ranges from 300
to 760 mm, wi moderaté variability. However,

the tree is oftén found' on allivial flats subject -
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to seasonal ,‘ﬂo:)d'inlg and adjacent to salt lakes.
> = Soil. Soils are generally clays, but occa-

stonally they have a sandy surface layer with

poor dlamage This is a good tree for salty soils |
and has done well.on sods with up to 8 percent
chiorides. ’

3 '

s

Es blishmeﬁt
Seed treatment Unreported o
. Ab111ty to compete with weeds. Un:
repbrted , _ : |
Pests and Diseases’ Umeported SN |

Lnnltatlon The~tree is not _particularly fast
01owmg ‘ i

X =¥

AEucaI)‘)p“tus occ{dentdlis, Wésterq Australia. (D, Watkin-s)

o
‘




Eucalyptus occidentalis, Cyprus. (M. Ch. lacovides)
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Haloxylon aphy];]unj N

Botanic Name

Haloxylon aphylium ,
(Minkw.) [ljin

Synonym Haloxylon ammondendion (C. A.
Mey.) Bunge

Common Names Black saksaul "(the Russizm

“name could also be spelled saksaoul or saxaul

it is correctly pronounced sik-sd-001.); odzhar
(Turkmeni) :

Family =~ Chenopodiaceae

¥ d

Main Attributes - This robust plant combines
the attributes of a xerophyte, halophyte, and
mesophyte because it is drought tolerant, salt
tolerant, and is also adapted for growth under
medium moisture conditions, It can regulate its

life processes to fit harsh and changing environ-

mental conditions. Because of its adaptability

and hard-wood, it seems well worth testing for *

firewood in appropriate cold or hot deserts. (See
also Haloxylon persicum, the white saksaul,
page 138.)

Description This small tree can attain heights

" of 5-8 m and trunk diameters of 20- 40 cm.

The trunk generally has a large, irregular base
and the limbs are also of irregular form, ribbed

and ‘bent, with very thin gray or Uraylsh brown" |

bark. The large branches can attain the same di-
ameter as the main trunk. Instead of leaves, the
plant uses thickened leafstalks (cladodes). =

Distribution Black saksaul is found in temper-
ate deserts of Central Asia from western China

and Mongolia to the Caspian Sea as well as in'
the hot deserts of the Middle East, Asia Minor,

and North Africa. It often occurs naturally on
heavier soils than white saxaul. ,

Use as Firewood In Soviet Central Asia, sak-
saul wood ‘was widely used as a primary mate-
rial for charcoal and locomotives and also was
the basic source of fuel for the local population
(black saksaul wood is considered comparable
in effectiveness to brown coal). With the
general electrification arfd gasification of
populated areas its use is now quite limited.

The wood“is very hard and brittle, with a
specific gravity of 1.02.

Yield In locations with favorable growing con-
ditions the yield of combustible wood is 15~40 t
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yield drops, however. The trees take 5-7 years
to form their open, irregular canopy of foliage
and flower and set seed abundantly from age 7
onward.” - :

Intests in Iran these 'érees have been copplced
at 50-cm height on a 5-year rotation. Under
these expegimental conditions, the yield was
equ1valent to a‘growth of 1.4 t per ha per year.

—.4.,

. Other Uses "

e Stabilizing deserts. In the Soviet Union,
black saksaul is cultivated on large tracts to
combat wind erosion and to halt desert creep.
Plantings' are carried out in primary forests,

N

" per ha. As growing conditions deteriorate, the

. “

especially where soil protection and water con-

servation are important,

.» Forage. The foliage is grazed by livestock
and the tree is planted in grassland to raise the
forage yield. It is also being widely planted for
shelterbelts to protect grazing lands in the North

_ Caspian area. -

Environmental Requirements

" e Temperature. In Central Asia, black sak-
saul withstands burnmg hot summers (50 0 .
and subfreezing winters (-35°C).

-e Altitude. It grows mostly at low altitudes-
in Central Asia.

e Rainfall. The tree survives in some areas

with less than 100 mm annual rainfall. Its tap-
root grows vigorously during the first years of

\ life and penetrates soil strata as deep as 7 m to

find moisture. In the Soviet Union its seeds ger-

-minate as the snow starts melting; the :roots

elongate so rapidly that they keep pace with
the moisture as it sinks into the soil.

e Soil. The species is native to desert soils
poor in-humus ‘and nutrients and rich in Salts
(chlorides and sulfates). i

Establishment In estabh’s}lﬁng\ tiy
stands, planting stock consists of year-old seed-
lings with'an open and ‘closed root system. of

protective -

the taproot type, with a height above ground of

not less than 50 cm. The planting norm is 1,000
per ha, with a survival rate of 60-80 percent.
e Seed treatment. Under Central Asian con-

ditions the seeds of the black saksaul are har- :
vested in November after the first frost. Storage .
of seed until the second silvicultural season is

o



Haloxylon aphyllum near Chardzhou Region, Turkmenistan, USSR.

M. 1. Ishankuliygv) .
possible in hermetically sealed Eolyethy‘lene * done by fungi, the wood .prvoduétilon is 1fsually
packets with a seed moisture of 4 percent. - relatively unaffected. ,

s Ability to te with\weeds. Excellent. T L L :
y tocompete P : Limitations Since it is not a pioneer sand sta:’

Pests -and Diseases Although many insects - bilizer, sowing and planting on moving dunes

affect black saksaul and great damage can be result in low survival,

-
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Haloxylon persicum

Halo_\'ylon persicum Brunge
!ak-sazak

Botanic Name

“ Common Names White - saksaul;
(Turkmeni)
Family Chenopodiaceae

Main Attributes This is a salt-tolerantand ex-
tremely drought-resistant -tree that is_easy to
establish. It lives in sand dunes and is a basic
fuel of desert peoples in Central Asia, particu-
larly in the Soviet Union.

'Descnptlon A tall shrub or small, gnarled tree’

with jointed, brittle stems, itscan grow up to
7 m high. It has a stout, rugged stem and light-
gray bark. When covered by drifting sand the
lower part of the trunk $Sends out horizontal
auxillary roots, They can reach several meters
long before turning downward to reach depths
of 1-2 m. The tree often branches close to the
ground, especially when the plant is stressed. In
sandy areas it often becomes bushy and grows
to onf¥ 1.5-2.5 m tall. Instead of leaves, the
- plant has leathery ‘cladodes (flattened leaf
stalks).

Distribution White saksaul is native to the
Sinai, Israel, Arabia, Iraq, Iran, Afghanistan,
and Central Asia. In Sowiet Central Asia and
Mongolia, it grows primarily in the same geo-
graphical zones as black saksaul (page 136). It
forms stands on sand hills and sand ridges.

Use as- Firewood
Asia, white saksaul is the major supplier of Tuel-
wood. The Soviet population in the area uses
about 160,000 t per annum and the railroads
about 18,000 t. The wood is excellent fuel and
in thermal efficiency compares favorably with

In desert areas of Central

bituminous coal. It burns down to long-smoldet--

_ing cinders. It is also used extensively for mak-
ing charcoal

Yield In Turkestan, the standing stock of na-
tive white saksaul is reported to average 1-6 m>
per ha. Yields in plantations have not been
reported. :
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~ ture from a large area.and from depths of 5 or-

Other Uses
e Forage. The foliage of Haloxylon persi-

cum is used as a forage for camels and sheep,
. particularly in winter. In Soviet Central Asia,

the tree is used to increase the forage produc-

tion of grazing lands. The shoots have a good'
~ nutrient content.

e Sand fixation. The ability of the lower
trunk to establish new roots when covered by

sand makes this an excellent. plant for stablhz-

ing sandy areas

L

Envuonmental Requirements

. Temperature This

resistant'to cold thar’ black saksaul.
“Altitude. Unreported.

. Rainfall. The tree 1s sometimes found in
-areas with only 100.mni of -annual rainfall, It -

is more drought resistant than black saksaul:
e Soil. It grows in heavy, ioose, wind-borne

sands and will not grow well where the sand is

powdered .and compacted. It has a highly de-
veloped root system and is able to obtain mois-

6 m. It is known to grow on dunes as high as

40 m. It is less sal#tolerant than black saksaul.

Young plants and new shoots cannot tolerate
soil salinity higher than 1 percent, but mature
trees can endure 5-6 percent salt in the ground-
water.

Establishment Seeds are extremely small and
light and do not keep well in storage they must
be sown while fresh.

* e Seed treatment. Same as with black sak‘-

" saul. : .
. e Ability to compete with weeds. Young .
’plants can be smotheredby weeds but htterfall’

. trees and kﬂls all compet1t1on

. Pests and Diseases

saul.

Limitations . Moving dunes must be stabiﬁzed,

for example with grasses, befere white saksaul -°

can be effectively established.

desert tree . is less .

Same as those of black sak- |~

P




Saxaul woods (Halo_{vlon persicumy) in Turkmenistan, USSR. (Novosti Press Agency, London)
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- Common Names

~owell,

—— Parkinsonia aculeata

k]

Botanic Name Parkinsonia aculeata L.

Jerusalem-thorn, palo de
rayo, Mexican or blue palo verde, horse bean
tree, retama, sessaban (Arabic), Hanson sessa-
bani (N. Nigeria), Barbados flower fence

Family Leguminosae (Caesalpinioideac)

Main Attributes This fast-growing tree is ecasy

to plant and cultivate; it adapts to a variety of
environments and soil types and is extremely -

drought resjstant. Its dense, hard wood burns

Description The Jerusal | #om is a small,
often crooked tree, growing to 10 m tall, w1th
a-green trunk up to 40 cm in diameter. It has
thorny, gracefully drooping branches. Its fo-
liage is “‘transparent”” because the tiny leaflets

are borne on long, flat leaves that look like s

blades of grass. Numerous bright yellow flowers

~occur in loose racemes. .

Distribution The plant is native to a vast New
World area extending from southwestern United
States (Texas, New Mexico, and Arizona) to
Argentina. It has become naturalized in Hawaii;
South Africa, and most of India. It is cultivated
sas an ornamental in Florida, Cyprus, India (in
dry Deccan areas and the Punjab), Jamaica,
Israel, Uganda and SouthrAfrica.

"Use as Firewood The wood is used for fire-
wood and charcoalin countries such as Mexico
and Puerto Rico. It is close-grained, hard, heavy
(specific gravity, 0.6), and brittle. The trees
regrow vigorously even after “drastic prun-
ing.

Yield The tree is noted for fast growth.
Young plants, fertrhzed will grow up to 1 m
annually. {

" Other Uses ~ —°

* Beautification. Because of its unusual fo-
liage and vivid flowers, it makes an attractive

““ornamental that withstands pruning and can

even be trained as a hedge.

¢ Erosion control. Since it grows in arld cli-
mates and in sandy soils, the Jerusalem-thorn
can be used to afforest eroding and sandy soils.

e Fodder. ‘Its seeds have been used in the
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past in Mexico for food, and the seed pods are

greedily eaten by anlmals Young branches are |

lopped to feed goats and sheep. T

Environmental Requirements
e Temperature. It grows in tropical and sub-
tropical climates. It withstands high tempera-

turés (for example, up to 36°C) and light frosts.”

(In the United States it survives the cold as far

north as Georgia.) For best growth it rgQuires .
. .full sun and will lean toward the sun;in haded

sites its growth is retarded.

. titude. It is generally found at altitudes.

below 1,300 m.
e Rainfall. The tree grows well where annual

rainfall is as high as 1,000 mm, but its greatest "
potential isin dry areas tecelvmg as little as 200 -

.mm annually and having dry seasons as long as
9 months.

o Soil. Jerusalem-thorn occurs naturally in
gravelly, or'sandy alluvial soil and in desert
grasslands and canyons. It flourishes in oolitic

limestone of southern Florida, even when given
' no care. It tolerates saline sites, but grows poor-

' ly in soils subject to waterloggmg Although this
species is a legume, it is not now known whether
it fixes.nitrogen; young plants respond to fer-
tilizer, however.

Establishment The plant produces, seed pro-
lifically and it grows easily from seed root or
shoot cuttings, or air-layérs. .

e Sced treatment. The seeds are elther
soaked in water for-3 or 4 days or scarified and
‘then soaked in warm water for 1 day.

e Ability to compete with weeds
reported :

Pests and Diseases

~borers and by snow scale; new growth is subject

to fungal die-back. in ‘-wrnter months-in-humid -
climates. Young plants are damaged by termites.”

The tree is generally free of
_~ disease and insects but can/'be attacked by twig -

N .

Un-

Limitations The tree is thorny and reproduces .

so easily that it can escape from controlled cul-

cow

tivation and become a weed.

Related Spemes :
s Cercidium mzcrophyllum
o Cercidium floridum




3

Cape Verde Istands. Parkinsonia acu

upland area

leata is planted in arid,
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and firewood. (P
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Parkinsonia aculeata, Sobra Arboretum, Sudan. (H.A. Musnad)
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" “eldarica, which are probably subspecies of Pinus
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Pinus halepensis

Botanic Name Pinus halepensis Miller

Commor: Names Aleppo pine, pino carrasco,
sanaoubar halabi ’

Family Pinaceae L

Main Attributes Pinus halepensis is a drought-
tolerant pine that withstands aridity and poor
soils better than most timber species that grow
in~a Mediterranean .climate. Under favorable
conditiops, it grows rapidly and with good form.
The closely related Pinus brutia and Pinus

halepensis, also seem to be exceptionally prom-
ising. .

Description - Pinus halepensis is a round-headed
pine that may reach 27 m tall, with a diffuse
crown, spreadin'g branches, and clusters of
cones. “ . :

=

i

Distriliution Pinus halepensis is the most wide- B

ly distributed .pine of the Mediterranean basin,
part1cularly in the western part. It is found in
all countries around the Mediterranean, except
Libya; and- Egypt. It is also being planted in
warm temperate, semiarid areas of Argentina,
Chile, Uruguay, Mexico, the Soviet Union,

'South Africa, and Australia.

Use as Firewood The wood is coarse and resi-

nous and makes a useful fuel

Yield

-

In Isratl and J ordan, ‘the annual produc-

tion is between 3-5 m> per ha per year, accord-
ing to the site fertility, but-mean annual incre-'
per ha per year have been

reported .in plantations elsewhere In Italy,
good strains produce 5-6 m> per ha per year.
The average height growth is 03 0.5 m per
year up to 50 years.

Other Uses ‘ h Co.
* Timber. The wood is used in general con-
strugtion and for packing cases and posts., ~

* Resin. The trees may be tapped for resin’,

In Algeria .and Greece - this. is commercially

important.

O e

Ornamental. The tree is a cornmon 'orna-
mental species in all Mediterranean countries.
e Soil conservation. Because -of its robust-

ness, it is good for afforestatlon andsoil con- -

servation where soils are poor and droughts |

v - ; @

_ Lnnltatlons You_ngs,seedlmgs

long. It is used w1dely in Australia for shelter-
belts

Environmental Requirements

e Temperature. The tree withstands hlgh
temperatures, but it will also w1thstand bnef .

and occasional cold spells of -18°C to -20°C.
(Pinus eldarica is particularly adapted to frost.) -
e Altitude. In its native habitat, Pinus hdle-
pensis grows at altitudes below 1,000 i but it
sometimes can be fouhd-up to 2,000 m.
_Rainfall. This pine is suited to areas of

Medlterranean climate havmg 250-800. mm of

rainfall and 7-8 rainless months »

e Soil. ‘Aleppo pine s, able to grow in fairly
shallow, poor, eroded soil. It will tolerate a high
carbonate content; in fact it is often found on
shallow limestone and similar soils. It is not
suitable for saline and swampy soils, but thrives;
better than-any other-pine on heavy clay soils.
. It may suffer phosphorus and nitrogen defi-
ciency on deep podzohzed sands

t

Establishment Good seed crops occur most '
years. Germination is goodl(about 90 per-}

cent) and seeds Yetain viability up to lO\yeaJs if
kept dry, sealed, and cool. Sowmg is generally

~ done in spring, the plants raised in pots gor beds

and planted at the onset of the winterrains.
~'The pine regenerates; freelyafter ﬁres%

e Seed treatment. None reqmred hilling -

(for 4 weeks) improves the rate of g germination.

e Ability to compete with weeds. The trees -

are sensitive to weed competition when young,' ,

and during the first 2 years weethng is often

‘necessary. When planted on small tetraces strip -

or patch weedmg may be adequate [

Pests and Diseases No serious dlseases are
known, though “damgmg off” can
some if nursery work is careless. Sdveral fungi
may attack the young tree. The tree has only

hrruted res1stance to browsmg

11 | sufffer
drought mortality can be severe during the first:

summer after germination. Careful m anagement

from :

e el

be trouble- .

to attain high survival the first ‘year is “the key g

to successful establishment. .
- It s important. to choose seed most su1ted

' [
1

ot

e

_for the;, planting site, and international _tna_ls L

B

Ny e

&



Pinus halepensis, 20-year-old plantation, Menashe Hills, Isri/tel; (Jewish National Fund, J e‘rus‘alem) "\

1

have been set up to establish the most desirable g
provenances. .

Related Species Twa closely similar species
also have promise for firewood plantations.

. Pinus brutia. A native of the hills of south-
ern Turkey, northern Syria, and northern Iraq.
Grows on a variety of soils from those with

N

-high lime content to acid podzols Found where

rainfall is as low as 250 mim. Withstands 35°C
heat. The trunk remains stral,,ht even on un-
favorable sites.

‘o
N .

. Pinus eldarica. The natural stands of this

spec1es occur in the USSR south of the Cauca-

sus mountains and in Afghamstan Plantations -
exist in Iran and 'Pakistan.|In plantations, and
on guitable sites, it is said|to’ ‘grow faster than
either P. Halepensis or P. brutza and trials to

quantify this are underwaylin different parts of

the world. However, its abihty to tolerate frosts,
high temperature (40°-45°C), and low ramfall
(200-250 mm) make itof great interest for
the winter rainfall dry zones of the world.”

> il
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Botanic }Name Pithecellobium dulce (Roxb.)
Benth.(Genus sometimes spelled Pithecolobium
dulce)

: Synonyms

Mimosa dulcis Roxb.

Common Names Manila ‘
- thorn, quamachil, guamuchil, kamachile, black-
bead, bread-and-cheese treg, opiwma (Hawaii)

Family Leguminosae (Minosoideae)

Main Attributes The Manila tamarind is fast
growing, endures drought, and withstands heavy
cutting. It survives both heat and shade and is
able to grow on poor soils and denuded lands in
dry climates and on seacoasts even with its roots
in brackish or salg water. It is a widely appreci-
ated, easily established, multipurpose plant that
produces useful tuelwood. :

Description A large, nearly evergreen tree that
grews up to 20 m or more in height, the Manila
tamarind has a broad crown (to 30 m across)
and a short bole (to 1 m .thick). At the base of
each leaf is normally found a pair of short, sharp
spines, though some specimens are spmeless

Distribution
extends from the Pacific slopes of Mexico and
southern California through all of Central Amer-
ica to Colombia and Venezuela. It has been
widely planted and naturalized in'-many tropical
regions, particularly in the warmer and drier re-
gions of the Philippines and India. It has been
nitrodueed to the Sudan, Tanzania, and other
dry areas of tropical Afrlca largely- the coastal
regions. Further, it has been commonly planted
and runs ‘ded in southern Florida, Cuba,-Ja-
maica, Hawaii, Puerto Rico, and St. Croix.

Use as Firewood The reddish-brown wood is
usually hdrd, heavy, and strong, though it-is
also brLttle and rather difficult to cut. It is used
i India, Afrlca and Central and/South America
as a fuel, but it smokes consnierably and is not
the best a quality firewood. Calorlﬁc value,
5,200-5 600 kcal per kg. In parts of India it is

planted and harvested as fuel for brick kilns.

The tree cbpplces vigorously.

Yield In; favorable soils and climates, the
zanarmd may reach a heloht of 10min .

Manila t
Sorb yea,rs

\‘
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‘O‘ther Uses

tamarind, Madras’

It is native to a vast region that

brackish water table.

~

e Wood. The wood is durable, finishes
smoothly, and is used in several countries for
general construction purposes and for posts.

e Shade, hedges, and ornamental use. This
attractive species makes a good hxghwa tree.
With regular trimming it makes deg,
impenetrable, thorny hedges tha,
stock and form useful shelterbelts.

o Food. The pods are harvested in Mexico,
Cuba, and Thailand and are customarily sold on
roadside stands. They contain a thick, sweetish,
but also acidic pulp that is usuallyewhite, but

sometimes red. It is eaten raw or. made into a

drink similar to lemonade

o Forage. The pods are devoureéd by live-
stock of all kinds; the leaves are browsed by
horses, cattle, goats, and sheep; and hedge clip-
pings are often ‘gathered for animal feed. The
plants withstand heavy browsing.

* Seeds. The seeds contain a greenish oil

(20 percent), which, after refining and bleach-

ing, can be used for food or in making soap.
The presscake, residue is rich in protein (30 pér-
cent) and may be used as stockfeed.

e Miscellaneous. An extract from the bark"

is used in the Phﬂlppmes for tanning; it produces
a light-colored leather. The flowers are visited
by bees ‘and. yield good-quality honey. The
wounded bark exudes a rnucﬂagmous gum some-
what like gum arablc

Envnronmental Reqmrements

° Temperature Warm subtropical and tropl- R

cal, though it can withstand both shade and
heat. ‘

1,500 m in Burund1

¢ Rainfall. This species is suitable for most .
dry regioms. It. is drought resistant and in low .

rainfall areas develops an extensive 00 system.
In Buruzndl it grows well at 800 m plevation
wheré nnual rainfall ﬂuctuates between 450
and 60

more. f % l\

° Altltude Up to 1 ,800 m in Mex1co and

mm, spread ‘evenly year-rpund. In,. ~
southern Florida ramfall averages 1 6 0 mm or

o Soil. Manila tamarind has great Ldaptab p

R

ity and grows on most. soll types mclulkhng clay;
oolitic limestone, and Qrather ‘barren| sands. It,
can also be found 1n§ et sands th/at have la‘



Establishment Manila tamarind is
propagated by cuttings or seed. It friits at,an
early age. Seed may be stored for about 6
months (though 4t. must then be protected
fromijnsects).

¢ Seed treatment. None necessary. Germina-
_tion takes only 1 or 2 days.

» Ability to compete with' weeds. Readily
,outgrows competition.
*r 5 |
Pests and Diseases Normally pest damage 1s

insignificant, but the tree can become affected

by leaf spot diseases and a number of defelidt-
.ing and boring. insect’ pests. It is a favorrte host,

of the thornbug.

: readily.;

v

Limitations Once mtroduced it may hofd an
area firmly. In «Tamil Nadu, India, repeated

attempts to replace this plant with other species
. have failed. It is classed as a pest in Hawaii be=. "
cause it infests pastures and shades out more-» B

desirable forage plants.

Because ‘the trees are often top heavy and
shallow looted in heavy windstorms, branches
may break off or the whole tree may tg)pple

Both; the thorniness and an irritant. sap that .
causes severe eye irritation in tanners and long-
lasting” welts’ on skin are .limitations tha.t have
caused the tree to be abandoned as a street. tree

in southern Florida. Any injury. to roots: glves 5

rise to suckers that are exceedmgly thorny
"‘I L

e e

.9‘
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Prosqpis alba

Botanic Name 'Prc‘)sopisalba Griseb.

Common Names

Algarrobo blanco, ibopé or
ibope-pard, tacu ‘ ‘

Family Leguminosae (Mimosoideae)

Main Attributes A yaluablé fuel, Prosopis alba
is also used for windbreaks, roadside plantmo
fodder,’and timber,

Description This is a round-crowned tree, 5-
15 m tall, sometimes with a trunk as large as
1'm in diameter and a short bole with many
branches. The sapwood is yellowish and the
hedartwood dark brown. It is a thorny tree but

thomnless varieties are available. Like all Proso-f

pis-species it can fix nitrogen. Seeds need tG-be
inoculated with mesquite rhizobia.*

Distribution Prosopis alba grows in the arid
zones of northern Argentina, Paraguay, and Bo-

livia.

Use as Firewoed The tree is mainly.used for .

" firewood.

Yield Ten-year-old plantations of Prosopis

alba in Argentina, spaced 22m x-2-m on-a fair- -

site, produce_d 7 m?® per ha annually.

Othier Uses -

» Timber. The wood is difficult to work. It
is, however, used for flooring, wine casks, shoe
lasts and paving blocks.

“ Fodder. The pods are eaten by cattle.

They coritain about 25 percent glucose sugar
and 10 percent protein.
- Food. The fruit s milled into flour that is
used in baked goods for humgn consumption.
e Amenity planting. Prosopis alba is a valu-

- able tree for windbreaks and roadside planting,

" Envifonmental Requirements

o Temperature. Prosopis alba grows in areas

with an average winter temperature of 157C;it

t

i
1

*  Available from J. Burton, Nitragin, 3101 W. Custer
Avenue, P.O. Box 09186, Milwaukee, Wisconsin
93209, USA.
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- Estabiishmént

is not frost hardy. (Althougl; the-tree can wlth-
stand a few hours of mild: frost, proléh,ged cold
weather (-6°C) kills most young seedlings.): As
is true with all Prosopis species, pgolonged high
- temperatures are required b mltlate artd sus-
tain flowering, nectar secretion, and zpod
production.’

e Altitude. The plant is natrve to flatlands

and low sierras (up to lOOO‘F?n at, the lati-

tude of 30°S). wf .

o Rainfall. Prosopis alba is very drought re-
sistant, growing in dry climatic areas with’ 100—
500 mm rainfall. N

e, Soil. It grows best on sands w1th a hlgh
clay content and tolerates some salt in the soil.

the field with remarkable success. However, it -

is better to sow itina nursery -and transplant it
to the field when 2-3 months old. As is ‘tfue
with most Prosopis species, quick germination
(3-4 days) requires high temperatures (night,
26°C; day;,32°C). Seéds are planted in long beds
(approximately 2 x 2 x 40 cm). They are ready
for planting in 2 months and should be planted

--in gpring immediately after the lapt frost~free

date.or at the onset of the 1 rainy season.

e Seed treatment. As is the cas -with many
Prosopis species, the seeds are hard té extract

from the gummy pulp in the pods. A heavy-
duty sausage grinder with coarse holes has re-
cently been found to_work very weﬁ
scarifies the seeds.

‘e Ability to compete with we ds Good,
with weeds such as grasses and shrubs.

Pests- and Diseasés Not severe, but bruchid
beetles attack the seeds in the pods Lo

Limitations All Prosopis specres ar‘e cross pol-

linated. Research on' clondl propagation me- T

thods (e.g., cuttmgs) are needed so that pla'ﬁ'?a

‘tions with known propertles cari be obtamed

HE

The tree is seeded directly “n'

This also, .



Thornless Prosopis alba, Imperial
Valley, California, USA, only 9
months after transplanting from
seedlings (25 cm tall, 2?mm
diameter). This specimen is well
over 2 m tall: (P. Felker)

Prosopis alba, Imperial Valley,
California, USA. This 6-year-

old irrigated ornamental is 8 m
tall and 23 cm in diameter. (P.
Felker)



Prosopis chilensis

Botanic Name Prosopis chilensis
(Mol.) Stuntz k

Common Names Algarroba, kiawe (Hawaii),
algarrobo blanco, algarrobo.de Chile, mesquite

Family Leguminosae (Mimosoideae)

Main Attributes

plant for hot dry zones. It is very drought resis-
tant, well adapted to light soils, and is probably
nitrogen fixing. It has proved suitable for plant-
ing in subdesert regions of Africa. It is the most
drought resistent and consistently high yielder
of biomass of all the Prosopis spemes tested in
North America.*

Description Prosopis chilensis grows 8 to
15 m high. It has a shallow, spréading root sys-
tem and branches freely. Its flowers are greenish
yellow and it has a slender seed pod. ?

Distribution Prosopis chilensis is native .to

the Pacific coast of Peru, central Chile, and
eastern Argentina. It is naturalized in; Hawaii
and is common in thickets along the beaches.

Use aS Firewood Prosopis chilensis wood is
hard, heavy, and strong (specific gravity, 0. 80-
0.92).

Yield This tree is not normally considered
fast growing like Eucalyptus or leucaena but it
survives -and’ grows where most other species
fail and it has shown high biomass productivity
-(over 14 t per ha per year; see illustration in re-
cent tests in California).* Woad yields have not
been recorded.

Other Uses :

e Feed. The pods, or beans, are an excellent
feed containing much sugar. They are ground
into a meal for use in concentrated rations. The
foliage also provides animal feed in arid regions.

e Wood. Prosopis chilensis heartwood is rich

*Informa»tion supplied by P. Felker.

2 -

148 C .

Prosopis chilensis is a South .
American tree that is a useful shade and fodder

"

~ Environmental Requlrements

withstand lower temperatures or even many (10

“found at elevations; of up to 2,900mm. In India,

‘ease free, although, bruchid beetles usuall-y de- k

-when pastures are overstocked and the grass

‘ JrLaune M. V 1974 Tree Plantzng mAfn

' "Natrons, Rome: p-72.

dark brown often with a purphsh hue. It is
rather coarse textured and irregularly grained,
but is easy to work, finishing smoothly and tak-
ing a natural polish. The wood is very resistant
to decay. '

e Ornamental. Thornless varieties. are be-
coming popular for, landscapjng-in the south
western United States. . -

k4 3

e Temperature. ' The tree withstands ex-,
tremely high desert temperatures.-It is poorly
adapted to ¢old and requires temperatiires-of
about 27°C for good growth. Seedlings may
tolerate an odd mild freeze of -5S°C but cannot:

or more) mild frosts.
e Altitude. In southern Peru, the trée is

it is recommended for planting as a fodder tree - . -
at altitudes ranging.fiom 340 to 1,230 m, DR
~ o Rainfall. In Affica, it is recommended for
unifrigated subdesert areas receiving 200-400
mm annual rainfall}. and suffering ' 8- ll dry
mornths a year. .

e Soil. Unreported

Estabhshment Prosopzs chilensis is propagated
by seed. For one estabhshment procedure see
Prosopis alba.
e Seed treatment. Seeds must be scarified
in hot water or concentrated sulfuric ac1d be- *
fore planting. ,
e Ability - to compete w1th weeds. Url7

reported. s ‘ ‘ S - -

Pests and Diseases The trees are lergelydis- -

stroy much of the seed crop.

Limitation Prosopzs chzlenszs trees are aggres- ;
sive and may’ easily become pests, espeelally

e

cover depleted

nas, Food and Agnculture OIgaanﬂtiO -o the

s
et
>




bProsopis chilensis, Riverside, California, USA. Thornless variety grown as ornamental 2% years after transpianting
as a seedling 25 cm tall. (P. Felker)

htﬁs “after itranspla_nting. First-year productiv-
t per ha (dry weight). (P. Felker)
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Thornless Prosopis chilensis, Imperia] Vailey, California, USA, % &

“ity of this stand (1.6 m spacing zu'ld partially irrigated) was:
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Prosopis cineraria

Botamc Name Prosopis cineraria (L.) Druce

Synonym Prosopis spicigera L.

"Common Names Jand, khejri (Indld) c,haf
<> (Arabia);jandi (Paklstan)

Family Legummosae (Mimosoideae)

Main Attributes Prosopis cineraria is a useful
tree with great vitality. Owing ta its.long tap-
root (over 3 m), it is able to find moisture and
survive where other plants succumb and it
withstands' hot winds and dry seasons. The
plant deserves detailed study, genetic selection,
and more widespread use.

Description A thorny tree, Prosopis cineraria
grows 5-9 m high'and has an open crown. It is
leafless for a short period before flowing. Be-
cause of its deep taproot, it does not compete
for moisture with crop plants, whlch may be
-grown-glose to its trunk.

- Distribution Prosopis cineraria occurs in the

¢ dry and arid regions of northwestern India in

Punjab, West Rajasthan, Gujarat, Uttar Pradesh,
in dry parts of central and seuthern India, and

extends ‘into Pakistan, Afghanistan, Iran, and
Arabia. In Abu Dhabi, plantings totalltng 2,000
ha have been made on flat, silty, gravelly plains
and in shifting sand dunes.

Use as Firewood Prosopis cineraria’s rather
scanty purplish-brown heartwood is preferred”
in its native regions over other kinds of wood

“sandy often -alkaline soils. It is common on

two weedings appear necessary the first year. =

e Afforestation. It is important for affores-
tation in arid and semiarid zones, where it can
survive even under extremely .dry conditions.
It holds promiise for 8asy establishment in shift-
ing sand. _ ' / \{

o Timber. It is used for house building, ;
posts, tool handles, and boat frames, although -
the poor form of the unirnproved trees current-
ly limits this use. ‘

o Agroforestry. This species is revered, by
farmers-in.India and Pakistan because of the in-
creased fertility,beneath its canopy.t ‘

By

’

Environmental Requirements | -

. Temperature The plant withstands both
slight frost (-6°C mmlmum) and high tempera- -
tures (40°-50°C miaximum shade ‘temperature).

o Altitude. Prosopzs cineraria 1& a low- altl- '
tude tree. - :» C o

e Soil. The tree grows on alluvial and coarse
moderately saline soils. It is also fouﬁi on black
cotton soil in open forest and on dry stony
lands. It reportedly tolerates hlgh alkalinity (pH
9.8).

Establishment Prosopis cineraria reprqﬁué‘es ERIRE
freely by root suckers and establishes well from - . "
seed. Seeds remain viable for decades. :

e Seed treatment. Tws require soakmg
in water 24 hours pridr to sowrg\w ‘
lishment procedure, See Prosopis alba. ‘ -

e Ability to compete with weeds. One or

for cooking and heating. It is an excellent fuel
and gives high-quality charcoal (5,000 kcal per
kg). The tree coppices readily.

Yield In standing crops, theramount of fuel
per ha varies from 7 to 70 m® and averages 21
m> stacked. Annual yields of stacked firewood
up to 2.9 m® per ha have been reported.*

¢ Rainfall. It grows in’'zones having a long’,

dry season and from 75 to 850 mm rainfall.

-Other Uses !

o Fodder. Prosopis cineraria is considered
to be the best browse plant for cattle, sheep,
and camels in Jodhpur, India, on the- ba51s of.
availability, palatability, and nutritive value.

“*Khan. 1955. . , |
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‘ Afnca the eastern Mediterranean; Iraq, Iran,

The seedhngs need early prunmg to force them
to grow straight. o

Pests and Diseases. One fungus and five insect :
species are known to attack the tree. = « S

Limitations The trees are thorny, 4and 1f
planted in subhumid areas they may become
pes’nlentlal weeds.

Related Species Other Prosopzs 5pe01es with
pTomlse as firewood include: ‘ -
| e 'Prosopis farcta a species native to North

Afghanlstan Pakistan and the U.S.S:R. (Trans- o
‘aucasm and Turkestan) ‘

. . A o
i - . ' P

 Shankar et al., 1976; Singh and Lal, 1969,

i
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Prosopis cineraria on slowly moving sand dune, Al Ain, Abu Dhabi. (P.J. Wood)

, ) ; ) . T »
Prosopis cineraria, northwestern India. (Forest Research Institute and, Colleges, Dehra Dun, India)" -
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Prosopis julif lora

Botanic Name Prosopis ]ulzﬂora (Swartz) DC e Food and fodder The pods are eaten by ©

“’hvestocl\ and may also be ground into flour for

!

1

‘Synonym Mimosa ]ulzﬂora Swartz .

Common Names Mesquite, algarroba
Family ' Leguminosae (Mimosoideae)

Main Attributes Prosopis, juliflora is a highly

esteemed fuelwood source in several ‘tropical’

countries and it is also valued for thé-shade, tim-
ber, and forage it can provide. It is planted
where other, more valuable forest species can-
not be successfully grown.

Description A  thorny, deciduous, large-
crowned, and deep-rooted bush or tree, Prosopis
juliflora may grow to 10 m er more, depending
on the variety and site. The leaves are dark
green. The long fleshy pods are straw. colored
when ripe.

Distribution The species is native to Central
America and northern South America. The tree

shas been planted in '‘many arid zones of the

world. It is widely propagated in Africa and
Asia, particularly in India.* The species was in-
tfoduced:nto India over 100 years ago, planted

'mamly for stabilizing dunes, but also for fuel.

Use as Firewood Prosopis juliflora wood ds
hard and heavy (specific gravity, 0.70 or
higher). It is excellent for firewood and makes
superior, charcoal. Because of its high heat
value, the wood has been termed “wooden

,Mlﬁvw_anih_agte,__lt burns slowly— and -evenly and

holds heat well.

Yield Prosopis juliflora grows fast. On a 15-
year rotation, the expected yield is 75-100 t
per ha; on a 10-year rotation, it may be:50-
60 t per ha The trees coppice readily.

Other Uses
e Wood. The wood is very durable and is
used, for fence posts, door and window frames,

- and other light carpentry.

e Honey. The flowers are a valuable source

aw

"human consumption.

Environmental Requirements

e Temperature. Prosopis juliflora grows in
very warm, dry climates. Some varieties are not
frost hardy

. 1tude The tree is found growmg from
sea level to 1,500 m.

¢ Rainfall. It grows in areas with an annual
rainfall of 150-750 mm. The plant’s roots.pene-
trate to great depths in search of soil moisture.

¢ Soil. The tree grows on a variety of soils.
It doef well on sandy soils and will grow on

rocky terrain pfrowded that root growth is not

impeded. a

Establishm‘ent Prdsopis juliflora r{eproduces
easily by root suckers apd seeds. '

e Seed treatment. To overcome the seed-
‘coat dormancy, the seeds must be mechanically

scarified-and either treated with 20 percent sul- ~

furic acid for 1 hour, or soaked in concentrated
sulfuric acid for about 20 minutes, or covered
with boiling water and allowed to cool and soak
for 24 hours.

Germination of the treated seeds is 80-90

percent.
s Abilityto compete w1th weéds. Good.

Pests and Diseases Bruchld beetles often dam-

age much of the Prosopis Juliflora seed*t;rop."‘

Limitations Prosopl's juliflora is an aggressive

Y

invader and is sometimes a nuisance. This is a ;

species to be tried only in-very “arid problem

sites. Elsewhere, the’ problems it causes may be

immense.

Related Species
are useful for firewood include:

. Prosopzs algarrobilla .
Prosopis caldenia
Prosopis tamarugo (page 156)
Prosopis pallida (page 154)
Prosopis chilensis (pag% 148).

Other species of Prosopzs that

of nectar for high-quality honey..

[

: d .
*Taxonomy of the genus Prosopis is confused. The
name P. juliflora has been-used in the past to describe
species native to Texas and nearby states. These are
nowi known as P. glandulosa qnd P. velutina. Plants

|
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that were distributed around the world dnder the
lin-many

name P, juliflora are probably mislabeled”
cases. : ’
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Botanic Name' Prosopis pallzdtz , L
(Humboldt & Bonpland ex Wﬂldenow) HBX.

Synonym Pmsopzs Zmzénszs Bent

Common Names Algarrobo.or algdrroba, algar-

oba, huarango (Peru), aloarrob, amencano

(Puerto Ru,o) kiawe {Hawaii)
Famlly Leoummosae (Munosmdeae)

Main Attributes A valuable tree for forage,
beautification, and for shelter under arid con-
ditions, ‘Prosopis pallida is also a useful fuelt

wood source. It has remarkable tolerance to
salt and can be irrigated with water up to half

as salty as seawater.* It deserves.research om

genetic selection and meroved sﬂv1cultural

methods. - £

Description  Prosopis pallida is a tree (or shrub
-on sterile soils) 8-20 m high, with;a trunk to

. 60 cm in diameter. The leaves are medium to
- small* in-size and “a ‘pallid greyish-green when

dry. It is usually spiny, although in Hawaii
many of the trees are thornless. ‘

Distribution - Prosopis pallida is native to drier
parts of Peru, Colombia, and Ecuador along the
Pacific coast. It has been naturalized in Puerto
Rico and the. Hawaiian Islands and has also
been introduced for cultivation in India and
Australia. .

[y

Use as Firewood Like that of other Prosopis

species, the wood has high -calorific value. It-

is used largely for charcoal.
Yield Unreported.‘

Other Uses * e

» Fodder. Both the leaves and pods of Pro-
sopis pallzda are fed to cattle, donkeys, and
other livestock and-are eaten by wildlife.

)

; N .
*Information supplied by P. Felker.
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. "Food. Pods of Prosopis pallida are sweet--
-er"than- those: of most other Prosopis ‘species.

In’its native’ habitat.they are made into a sweet

. Syrup used to prepare various drinks. * . -

o “Afforestation. This isa potentlally impor-

tant species_for plantatrons in hot, dry regions,
especially where salinity makes vthe cultivation =
- of other species difficult. '

Environmental Requirements .

s Temperature. Prosopis. pallida’ is.. more
frost sensitive than Prosopis chzlenszs (page
148), Prosopzs alba (page 146), "or Prosopzs
cineraria (page 150). It will tolerate -2°C, but
year-old seedlings have.been killed by a —6 C
frost in California.

e Altitude. It thrives from sea level to 300 m,

‘  Rainfall. The tree requires: from 250 'mm ~ '
- to 1,250 mm per year. It requires" moré mois+

“ ture than Prosopis chilensis or" most Prosopls
Soil. It is not partlcular as to so_ilﬁ growmg
1n old lava flows as well as on. coastal sand.

Estabhshment The' tree is grown from seed.
When planted in new locatlons
should be inoculated with mesquite rhizobia.

.» Seed treatment. . Unreported.

s Ability to compete w1th weeds. Unre-
ported ,

Pests and 5Dlseases Terrfutes and the wood-
bofing beetle Clytus cornis are attracted to it.
Psyllid_insects, which feed on termmal ‘shoots.
and leaf tips, infect Prosopis pallzda more than
other Prosopis Spe01es ,

Limitations Prosopis pallida may - become an
- invader and form thickets, which can be a cost-

ly nuisance. Because it has shallow roots, wind

storms easﬂy blow many-of the trees down.

- |

[
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Prosopis pallida as a shade and ornamental tree, Oahu,
Hawaii, USA. (J. L. Brewbaker)

YA . . B s
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Prosopis pallida, Piuta, Peru. In the dry coastal region
of Peru, Prosopis pods are commonly fed to cattle, -
donkeys, and other Hvestock. They are also added to
soups and-are made into “algarrobina,” a sweet syrup
used to prepare drinks. (C. Lopez-Ocafia)
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Prosopzs tamarugo
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Botamc Name' Prosopzs tamarz;go F Phil.
Tamarugo

El

<

Family Legtiminosae (Mnnosmdeae)

Common Name

Main Awttp;butes Prosepzs tamarugo.is the only
- tree able ‘to, survive on the arid salt flats of
nogthern Chile. It produces the only availible

E

4

forage, timber, and firéwood in the area. It has
. promise for reforesting deserts, espe01a].ly those -

: with-thick-surface-salt incrustations. » |

Descnptlon The tamarugo iy a™ decidlious,

» *% . open-crowned tree, reaching 8-15 m.in height, -

“with atrunk upto. 80 ¢m thick. The flowers are
" golden yellow and occur in long cylindrical
a: - spikes.'The pod is, .curved and contains about _

E]

qulck growing, taproot that may be'6 m deep on
- ja pIant that is only 15 m_tall .

>

Dlstributlon In theapart of the Atacama Desert
. in northern Chlle known as Pampa del Tamaru-
gal, the tamarugo stands were so overexploited
for ﬁrewood that’ ‘they were reduced to scattered-
wbodland This area.is an irland salt™ desert
. dbout 40 km ’wﬁe ahd 300 km long at.aBout
. 71,000-14500 m in altitude. In"1965 the Cljilean
-government inifiated a ‘project 4o plant tama-
rugo, and there are now about 25,000 ha covered

<" with tamarugo ferests B : o

. . Use asF 1rew‘bod The wood burns well

YleId Tamarugo is telatively slow grcwmg
“under ‘deserg conditions, but it nevertheless
“ holds rémarkable potentlal After. 15 years it
: reaches about 10 m m helght i the harsh tamas

T rugal area - ‘ . o

Othér.Uses ’
e Wood. The wood 1s used for furniture, al
~ though it is very’ heavy and dlfﬁcult to work be-
- cause it is very hard. "’_.
.o Forage. Sheep or goats ¥eed on the fallen
léaves and pods and Ooccasionally browse the.
young shoots. Care must-be taken that they do

e
a¥ E
‘A

T

not destroy the lewest Branches; which are im= ©
portant in,the plant s water econorhy because .
L théy shade the dense lateral root zane near the .

soil surface ’ o s

-

*Information supplied by F,Sudzuki. *
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", *Environmental Requements'

", seven seeds embedqeed in d brownish pulp. The ,
- tibe produces a denfse mat of lateral rootsanda

-

o Temperature. It tolerates a wide tempera-

T
7

ture range, from -12° to 36°C. Low night tem- .

peratures help create a very hlgh relative humid-

ity and conditions to condense humidity as dew,
*.. enabling it to absorb atmospheric water. .

e Altitide. The tree’s natural habitat has a

is very dry. For years there may be no rain at

'v S all the pormal- annual average'is less than 10 -

range , of 1,00Q- 1,500 in, but else hefe Jdt-
"¢ could probably grow dt-other.altitudes.| ~- - |
» Rainfall. The climate of its natlve habltat

mFog is very rare, altough it occurs occa-.
siofially:.-from December to February\ Under
. salt-desert ‘conditions,'rain may in fact be injuri- -

ous, as it would leach the salt from the surface -~
into the root zone, increasing the dlfﬁculty of.

'~ water extraction. Heat radiation on cold nlghts ‘

.‘causes condensation and water absorptlon by"

“the leaves from atmospheric moisture, nnper-
tant to the plant’s survival.

- e Soil. The treé is found on. salty-sandy or

clay. loam soils, sometimes with a 40-cm salt
*"incrustation on, the surface. There is some evi-

. dence that -a subsurface water reserve is created

. 'by the lateral roots, which exude moisture ab-
sorbed by the leaves durmg cold mghts from
the"atmosphere "

#

Establishment .The tree coppices easily and re-
_generates from seed. Fresh seed is produced
" from October 'to January and one may expett

30-45 percent germination. Where there is a -

surfage ‘salt incrustation, a pit is dug in the salt

and fhe plant is placed with a mixture of man- -

ure and scnl m a‘hole at the bottom. Great care
is taken mot to damage the roots, which nor-

. mally are quite long, or the lower branches that

_ shade the soil surface when the plant; grows -

- e+,8eed treatment The. seeds gernnnate well -
. after. SO&Jﬂﬂg in water 48;hours, but some re- .~
- searchers scarify them with sulfunc acid to im-

prove germmablhty

* Ability to cpmpete with weeds. Its roots , -
exude a natural herbicide that makes growmg»-"

.. other plants néar to tamarugo tTees unposs1ble

Pests and Diseases

" unaffected. . " )

Fe

The seed | is frequently at- L
tacked by bruchld"beetles but ‘the wg)od is
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Before: The Rampa de Tamarugal in Chile’s Atacama Desert is fearsome. Average annual rainfall is often a mere’
70 mm, the water 1able is at 20 m depth or below and a crust of salt almost half a meter thick covers the area ... .

After: Prosopis tamarugo is planted through the salt, and now thousands of hectares are converted, inte “forests”

Limjtations Seedlings must be kept watered
during the first year of their establishment
until the first shoot appears, after which they
do not need watering. e -

v

_might spread uncontrollably and become a

" useful for forage, firewood, and lumber. (Pictures courtesy of M.A. Habit and M. Sarquis, réspectively)

If planted. in more equable climate§ than -
those of “the harsh Tamarugal area, this plant !

serious weed.

"
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Tamari)r aphylla

Botanic Name  Tamarix aphylla
(L.) Karst. and related species |

Synonyms Tamarix amculam Vahl, Ta\maru
onenralzs Forssk. N

Common Names salt

athel ftree,
cedar, eshel :

Tamarisk,

: . * .
Family . Tamaricacede

Main Attributes Tamarisks are aggressive;
hardy shrubs or trees of desert, ateppe and sea-
shore. There are over 50 species, andrmost tol-
erate salty soils, poor-quality water, drought,
and high temperatures. Several types can- be
used to_ atforest sand -dunes and -saline waste-
lands and for shelterbelts in hot, dry degsert
areas. They coppice after heavy cutting,

Description Tamarisk taxonomy is extremely
complex and confusing because the plants vary
widely in growth habits and phenology; indi-
vidual specimens of some species can usually be
identified only by a specialist. Tamarix aphylla
is the only easily identifiable species and it is
fairly representative of the other tree species of
the genus. It is a heavily branched tree; 8=12 m .
tall. -1ts slen 185 and_fine ‘bluish-gray

foliage .produce a light, feathery effect. The
‘leaves are reduced To"tiny “scales” that ensheath
the wiry twigs and are well ¢quipped to with-
stand desiccation. The plant has a deep and ex-
tensive root system. Like other Tantarix,species
it excretes salt. Salty “tears” drip from glands.
in the leaves at night, so that the aorl bencath'
is covered wrth sall '

Drstrlbutron Speeres of Tamarix are found
*throquout the Old World from the Canary Is-‘
alone. Tamarix aplzylla ongrnates in the central .
Sahara. It has been spread (vegetatively) to Pak-
istan,-India, Afghanistan, the Middle East, and
North Afrrca as well as to Eritrea, Somalia,
Kenya, and Ethropla. It is also w1dely planted
in Australia. The saltcedar of Mexico and south-

" western United States is probably Tamarix chin-

ensis Layr., a native of China. The attractive
shrub Tamarix gallica (French tamarisk) is na-
tive to Mediferranean seacqasts where it grows
in sand dunes and dgy saline soils. Tarmarix -
nzlotzc_a is a small shrub of the eastern Medi-
_terranean that has successfully révegetated mov-
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ing sand dunes for e\rample in the Neﬂey Desert -
of Israel.

- and durable. It is slow to catch-fire, but burns

reasonably well. The ash content can be high
(4-6.6 percent in some Israeli specunens) The
wood of Tamarix aphylla, for example, is used -

. for flrewood and charcoal in Asia Minor and.

India. Leaf litter and small branches will not
burm, because of their high salt content. The
plants coppice satisfactorily.

ta |

Yield Unreported.

Other Uses™ . ‘ ,
- Wood. "The light-colored wood is useful
for carpentry, turnery, plows furniture, and

-the manufacture of fruit boxes.

» Afforestation. Tamarisk: is valuable for
erosion control, especially for stabrllzmg sand
dunes, because it grows fast and. resists bemg
buried by shifting sand. It has dn extensive root

. system and sheds twigs abundantly, forminga -

compact litter that improves the sand’s water- '
holding capacity: | R s .
¢ Windbreaks. Tamarlsk species are out-

standing for use as shelterbelts in and zones.

Being evergreens, they are effeetive year-round. -

Many mﬂes of highway and railroad in the des-
erts of Southern California and Arizona are pro-
tected from wind and blowmg sand by lines-of
tamarisk.

« Firebreaks. Salt drlp from tamarrsk kllls
all ground vegetation beneath the leaves, and
litter from ‘the trccs is too saliniLéd to burn
wﬂdﬁres a'rnajor hazard during hot, dry % sum-
mers in arid. areas. They will alsfmh% e spread-——.

of fires aleng ‘highways-"or raﬂroads caused by

sparks or mgarettes\

. )
Ay

Envuonmental Requ1re ts e

o  Temperature. Most tain ks grow well
where températures are high, Sont pecies will .
tolerate frost in the winter. In the Mojave Desert -
of California, where tamarisk is.used:for shelter-
belts, summer temperatures may reach 50 C
and winter temperatures-10° C.

o “Altitude. Umeporﬁ L e Ix-w,,_

> Rainfall. Tamarix chinensis in Cahforma
Tamanx nilotica’in Israel, and Tamarix aphylla

‘Use as Firewood Most tamarisk wood is hard—""

all have survived where average annual rainfallis .

i a . " S e : ., e
) - e
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Tamarix aphylla, 4 vears old and 6- 7 m tall, used as a shelterbelt, Darling Downs, Queensland, Australia. {Queens-
* land Department of Forestry, Brisbane)

a mere 100 mm. But their optimum growth is
probably at 350-500 mm. 7. aphylla is recom-
mended in Australia for cultivation in areas as
dry as 175 mm. ‘ '

e Soil. Some tamarisks are among the most
salt-tolerant trees, although this varies widely
with the species. They will regenerate in very
adverse sites, even those with salt appearing

‘on the surface, and some of them withstand
_salt spray. They grow well not only in sand

or sandy soils, but in Queensland, Australia,
have performed satisfactorily in heavy clays
that swell when wet and shrink and crack
when dry.

+

Establishment Tamarisk seeds lose viability
within a few days, so for all practical purposes
trees are established exclusively by cuttings
taken in spring from the previous year’s growth.
The process is easy and inexpensive. Long,
-well-rooted cuttings can be planted dﬁécﬂy
into the sand, even on moving dunes.

o Abﬂlty to compete with weeds. Removal
of competition is necessary to facilitate estab-

lishment.

o

Pests and Diseases Mény insects feed on tama-
risk or cause gall formation.

Limitations Most tamarisks cause salinization
of the upper soil layers-(even on nonsaline soil).
Their extensive roots extract all soluble salts
from the soil, excrete the salts on the leaves,

and return them to the topsoil with litter fall. -

They commonly reduce the growth of nearby
plants because of this and also because their
roots collect moisture and plant nutrients over
a large distance. The effect is significant when
crops are grown close to shelterbelts or shade
trees. They may, for example, reduce crop yields
forup to 50 m.

Tamarisks transpire abundantly, and when
their roots penetrate deeply they may cause
great losses of otherwise useful groundwater.
For this reason, they are held in low. esteem in

-the western United States. In areas with shallow

water tables, their deeply penetrating roots use
up more groundwater than other phreatophytes
tested in Arizona.

" In one year a single tamarisk tree can pro-
duce more than 500,000 seeds. Most germinate,

producing jungle-like growth, in less than 5 years.
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Zizyphus ma_uri tiana

Botanic Name Zizyphus mauririanaLam. Also

spelled Ziziphus
Syfxonyms ‘Ziz'yphusA juﬁlba (L) Lam.
- Mill.

Common Names Indian jujube, Indian plum,
Indian cherry, Chinese date, ber,
(France), beri, bor, nabbak el fil (Arablc) and
many others

7

Family Rhamnaceae

ks
Y

Main Attributes The jujube tree can withstand
severe heat, frost, and drought; it is planted in
dry areas and on sites unfit for other crops. lts
wood makes good fuel. Although seldom‘recog-
nized as a fuelwood source, the tree is already
widely cultivated for its fruit in the tropics.

Description This normally spiny species grows
to abeut 12 m-or more imheight, with a spread-
ing crown and a trunk diameter of about 0.3 m.
. In severe sites it is more commonly seen as a
compact shrub only 3 or 4 m tall: Its fruits [ook

like glossy crabapples light reddish-brown in -

color

Distribution The plant is-native to South Asia
and grows wild, particularly in sub-Himalayan
hill country. It is now found in many parts of
Asia, Australia, the West Indies, tropical Amer-
ica, and Afrlca (for example, Senegal Gambig,
thf, Ivory Coast, Ghana, northern Nigeria, and
~western~Sudari). It is usually found growmg in
" dry areas.

Use as Firewood “The wood is hard and heavy,
having -a-specific gravity of 0.93. The tree’s

drooping branches-are easily accessible for har- - .
vesting. It is an excellent-fuel tree and makes -

good charcoal,-with a_heat content Jof almost

4,900 kcal per kg. Theyeae%eﬂpplce well and

grow wgorously from stumps and 1oot-suckers.

Yield Noted generallyr for its fasj growth, the
tree is' consideted one of the most rapidly
growing species in the Sahel.

Other Uses

e Wood. The timber is ‘hard, strong, fine
grained, and reddish in color. It works well and
takes a good polish. It is most often used for
making agricultural implements, sandals, tent
pegs, golf clubs, and-other products that need
a durable, close-grained wood.

160
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- o Fruit. The tree bears heavily, sometimes
. producing thousands of nutritious fruits per.
plant year after year. They areeaten either

fresh, dried, or pickled and can be made into a
floury meal, a butter, or a cheese-like paste,
which is: used as a condiment. The juice can be

_made irito a fefreshing drink. "

. L1v1ng fence. The tree is useful as a hvmg
fence; its spiny stems and branches deter hve-

. stock.

e

- the seeds are sometimes cracked.

e Tannin. The bark is sometimes used for
tanning purposes.

o Silk. Jujube leaves can be used to feed the
tasar silkworm. Tasar silk; highly prized, is the
only one commercially exploited in the tropics.

e Lac insects. This is one of the few trees
that can be used to host lac insects. The resinous
encrustation -from “these insects is used to pro-
duce shellac.

" Fodder. Its foliage makes a good fodder
for cattle, camels, and goats. Livestock avidly
devour the fruit.

=

Env1r0nmental Requn'ements

e Temperature.-Although it is an extremely
robust plant, able to withstand severe heat as
well as frost and-drought, it does require tropl-
cal or near-fropical climatic conditions for best
growth.

a

%

e Altitude. The jujube isa low- alt1tude spe- - -

cies for cultivation below about 600 m in eleva-
tion.

¢ Rainfall. In Puerto Rico, it grows where
ramfdli is up to 2 OOO mm, but it 1s w1despread

Soil. The spec1e,s “has:no partlcular s011 re- .
qulrements and thrives in a wide variety of soils,

evemrin oolitic*limestone.a -

Estabhshment

Alfhoug}r the tree responds to -

care. Propagation 1s usually by direct seedmg,

. but it is easily propagated vegetatively by graft- |
ing, inarching, or top-working (these are essen- *

tial for maintaining quality cultivars).
.o Seed treatment. To quicken germmatlon

e Ability to compete w1th‘ weeds.
reported. ;

Pests and Diseases’ It is susceptiblé to insect

pests such as fruit flies ar;dzyleafreatidg caterpil-

R 4

Un' | j“’

is=8




a

lars, but these probably do not greatly affect
the yield of firewood.

Limitations The plant is disseminated by
birds and animals feeding on the fruits, which
gan lead to a profusion of dense, prickly
@ clumps. Some thornless varieties are known in
Assam.
As a. fruit tree the jujube has found little
favor outside of India because the hard stone
clings to the flesh. Also there is great variability

o

vy
~

in fruit quahty, some are extremely astringent.
Superior types could be of real value in the
tropics if they were available.

1

Related Species

‘e Zizyphus jujuba Mﬂl The common Or
Chinese jujube is a similar fruit tree adapted to
more temperate areas.

o Zizyphus nummularia DC. A shrub of
desert areas of northwest India and Pakistan. A
good browse plant. Heartwood has calorific
value of 4,400-kcal per kg.

P

161




@

ZIZyphus SPIH&-ChI“StI o

(L.) Desf. ' #
Synonym  Rhamnus spina-christi L.

Botanic Name

Common Names®

i)
Chuist thorn, kurna, nabbag,
" or'sidr (Arabic) ‘

Family Rhamnaccae

Mdin Attributes. Zizyphus spina-christi is a
spiny -bush or tree that strongly resists both
Heat and drought, It develops am extremely
. deep taproot and has extraordinary regenera-
tive power. Wherever it grows, itis used for fuel.

Descnptron This is ‘an evergreen, medium-
‘sized (3-10 mytall), long-lived tree. Its slender
branches have many short, curved spines, and
are said to have been used for Christ’s crown of
thorns. ’

Distribution The Christ thorn is native to a
vast African area sttetching from Mauritania
through the, Saliaran and Sahelian zones of West
Africa to the Red Sea. It is also native to the
eastern Meéditerranean, Iran, eastern Turkey,
and the Arabian Peninsula.

Use as Fireweod™ The red or dark-brown wood
is much used for fuel. It is hard and dense and
burns with an intense heaf. The bushes coppice
well. ,

Yield Unreport‘ed.

'Other Uses
» Wood. Christ thorn wood is used for

spear shafts, posts, roofing beamns, and house-’

hold utensils, and is a good caﬁrnet wood. It is
said to be termite proof. - - A )

I

-

e Fodder. The fruits are greedily eaten by

sheep and goats, and the foliage by camels. This"
‘feed keeps stock healthy in the Sudan when -

oftén no other feed is to be foiind.

¢ Erosion control. Because it ‘develops an -

extremely deep taproot-and spreading laterals,
it is useful for stabilizing sand‘dunes and other

unstable soils. It also makes useful wmdbreaks : "

and shelterbelts. -
~ e Living fence. It can be grown to form a
stock-proof living fenc_e

Envrronmental Requirements—
. Temperature It is very resistant to heat
“Altitude. Up to 1,500 m. '

e Rainfall. It grows in desert areas w1th

about 100 mm rainfall annually, but grows best
in wadis where groundwater is available. It also

can be found in less-arid dreas, espec1ally on al-. .

luvial plains, :
e Soil. It extends into dry, desert areas but

~ prefers alluvial plams with deep soils,

Establishment - Propagatlon is invariably by
seeds, but it can also be propagated by cuttirigs.

e Seed treatment. The hard, woody shells .
should be cracked with a hammer and the shelled -

seeds soaked bvernight in lukewarm water.
e Ability to, compete -with weeds
reported

Un-

Pests and Diseases Unreported

™

Limitations Thls gregarlous plant can form
spiny, impenetrable thickets. It should be tested
only in very dry areal where few others species

can survive, .

| e
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CAPPENDIX 1* ke

Using Fuelwood Efficiently

The fuelwood\situation in developing countrie_s can be improved by the
planting of more trees and by better management of existing forest re-
sources. However, another approach to be considered is reducing the- demand

“for firéewood through introduction of more efficient burning equlpment The
possibilities of this approach seem particularly attractive because firewood is -
mbst scarce inJthose regions of the world where it -is also burned most

inefficiently.

Roughly 80 percent of the fuelwood consumed in developrng ‘countries is .

used for domestic purposes: cooking, space heating, and hot water.{ Many

traditional cooking stoves and open fireplaces waste wood marnly because,

they focus the flames poorly on the cooking surface.

Improving wood-burning devices seems to be one of the Best ways to alle-
viate the‘ fwin curses of flrewood scarcity dnd forest depletion. Often, gll
that is is required is very minor ‘redesigning of existing stoves.

Improved stove models are 1nsulated to prevent heat loss through the,
walls. The hearth can-be closed to regulate air intake and improve combus-
tion conditions. The flow of air and hot gases through the stove is d1rected

to concentrate heat on the cooking surface.” A chimney is'usually 1ncorpor—, .

ated into the design to provide draft the motive power that prov1des air for "

combustion. (If poorly designed, however chimneys can decrease efficiency
by creating excessive draft.) Cookmg pots are arranged to frt properly, pre-
venting leaks and heat loss. :

Improved stoves can probably achieve an ove1a11 eft1c1ency of between 20
and 30 percent and they have the potential for reducing wood requirements. In
addition to reducing the devastation of the world’s trees, the wide dissemina-

tion of such stoves could reduce the time, energy, amd cash that Third World -

women now spend acquiring fuel and cooking. It will also help eliminate

smoke-filled homes, sooty hands, and the pam ‘and eye defects caused by .

smoke, fumes, and sparks

However, the claims about eftlclent stove designs have seldom been sub-'

stantiated in unequivocal tests. Theretore it is important that'any new stove be

field tested on site before it is widely promoted for local use. Perhaps the best .
measure of performance is the weight of fuel needed to cook a m/rmbe1 of
- typical meals. This result should be compared with those ot other stoves 1n

/
cluding traditional ones. : /5 .

» Many factors, othe1 than e£t1c1ency, comphcate the acceptablhty ot a

J.

*This appendrx was compiled - in collaboration with W. Magrath, Volunteers in Techmcal Assistance |

(VITA). .
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cookmU stove: ¢ost, avallablhty of materrals srze and t‘ype of wood available,

family size, cookmq practrces and types of dishes to, be prepared T hese vary

greatly from region to region; - which means thar any- glven‘stove design may

not: be aecepted or used ethcrently outside. the area where it was de81gned '

” The- other approxrmately 70 percenj of fueIwood "”used m d"evelopmg
countnes is burned, at similatly low efflcrencres 1n‘=sma11- and medium-
scale mdustnes stich. ‘as food processmg gnd manufap