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PREFACE

The Dominican Republic has the physical and biological requisiles 1o ba a net exporter of wand
products, Instead, it now imports virtually all of its manufaetired wood and faees serious sharg apes of
fachwood and charconl.  Woad-based producis are (he Dominican Republic’s third most costly
industrial and agricullural import.

Other serious nationil and international costs are those derived lrom the deforested watersheds
of [kis mountainous nation:  eroded soil, silted-in reservairs, drregular water flow in rivers and
irtigation canats, nenfenetional hydroclkeetric plans, as weil as businesses and families that must spend
increasing amannis of their fime or income w attain adequate fuel, Indications are (hat the problems
are fust boginoing as the papulition grows and the forest resource declines.

This publication presents results of the lirst major forestry rescarch effort in the Dominican
Republic. Purdue University had the pleasure of eollaborating in the ¢ffort with the Instituto Superiar
de Agrecultura (TSAY in Suntisgo under awspices of the National Encrpy Policy Commission
(COENER) and the support of the 1.8, Agency for Tnternational Development LSAID). Assislance
was also provided by the Federal University of Vicosa, Brazil.

sume of the research results presented have not been published previously. Mast of the results,
however, have been published in Spanish as "Technical Notes™ of 154 and disteibuted throughout the
Dominicaa Republic and elsewhere. During the life of the peoject, 31 student theses, internal FeoTts,
special papers and class materials for short courses were produced.

This publication is Purdue Universily's interpretation of the rescarch findings. Doeminican
foresters, represented by co-author Fo Reynosa, contribuled imporiantly o this volume, However,
responsilality for crrars in Gacl or interpretation rests with the Purdue co-authors,

Farcetry research is pormally thought of as a long-term enterprise.  This research effort
demaonstrates that certain kinds of important results can be achivved in the refatively short time when
approprinte research designs and strategics are executed with the efficieney of the Dominican seivntists
amd their eollaboritors involved in (his rescarch program.

The institutiooal capacity for sustained research of ISA has been increased subsiantially by this
collaborative effort. The return of severa] young scientists nuw in training in Bravil and the 1.5, will
help aceelerale the pace of the research activity at 15A.

The remarkable ree growth rates documented in this report suggest that the NDominican Repulilic
has the putential to beeome seil-sulfieicnt in many essential forest prodocts and 1o everually develop
forest industries to serve new internal and foreizn martkets. Futare tescarch will produce information
on means of obtaining yield inercases and will identily other tree species having polential 1o contribute
to the eeonomic development and improved environmental protection of this oation.

D, Woads Thomas

Associale Dean and Director
Internalional Programs
Furdue University

West Lafayette, Indiana 47907
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CHAPTER |

INTRODUCTION

The Dominican Republic bas adequate Land and econvmic conditions Lo quickly develop its Torest
resources.  Prescotly however, & country that is ideally suited for forest production is im potling most
wand and wood products, creating a heavy burden oo the trude balance and o net loss of forcign
curreney.  Petraleam oo is all imported and processed a the government refinery.  Instead of
progressing oward a more prosperous zond productive cconomy, the Dominican Republic hus
increased ils dependence on furgign wood and foreien enetgy and has allowed its once-vast forest
resources o diminish rapidly, Forest lands have been cleared for agricuitural erops and pasture and
degraded by clandesting eniting for firewand, charcoal and small wood vsing industrics,

Fhe Wand Fugl Development Program described in this document is one of the efforis oy
mide by the Dominican Republic to solve these forest resource prablems, The history of the project
began with carly academic recognition of the importance of the pending fuclwood and charcoal
shortage (lennings and Ferreiras, 1979}, For several years before that, governmenl sponsared sludics
by international consulting groups and technical agencies such as FAQ and QAS Ied o plans for
financing rescarch on relarestation that were (o be the precursar to aclive lorest planting clTorts,

Flowds, fires and an official ban on timber barvesting sinee 1967 drainatized the need 1o Erow
mare trecs, especislly for fuclwood and for the protection af soils and water. Recently buili reservoirs
were, wnd still are, iilling in rapidly with sediments ram the denuded mountain slopes. Some of (hese
reservodrs repartedly lost hall uf (heir water holdiog cupacity in teo years or less, This endanpers the
future of agriculural irtigation and hydroelectric projects in which the naticn has invested lal B¢ Sunts.
Perhaps the most vivid example of the envronmental deterioration that has resulted from yoars of
deforestation s the brown sirip of water that Tlows in frent of the capital dity, Santo Dominga,
whenever heavy rains upstvean wash the soil into the Ouama River. The beamiful blue Caribbean, so
attrictive 1o tourists and residents aliky, becomes a muddy vellow for several days alter each rain, In
June 1988, severe power shortuges were aggravated by ten of the eleven hydroclectric planis being
nonfunciional due w2 lack of suMicient stored waler.

A Dmninican Republic Perspective

The Dominican Republic is located in the Tropical Zoneg, between the northern latitudes 17° and
207 and longitudes 68° and 1% Together with Haiti it forms the second largesi Antillcan island,
naned Hispaniola (Figure 1.

The climate is sublropical. Mean temperatare varics between 22°C and 28°C and rarely exceeds
32°C or falls below 15°C except a1 high elevations. Precipilalion palterns are very complex, In some
regions rainfall is evenly distributed throvghout the year whereas in other regions (wo distinet rainy
scasons oocur. The Northeast and East scedons of (he country receive (he most rainfall (1500-2750
mm /year) whereas the Southwes! and Northwest are much driet (350-1000 mm [year).

Topographieally, the country is quite variable. 1 consists of fertife valleys, high and panily
deforested and croded mountains, and desert-like plaios, Five mountain ranges traverse the country,
[our extending in a rorthwesterly direction in the west of (he couniry and a single ranpe extending cast
o west in the castern part, OF these, the Cardillera Central is (he most unportant, with peaks over
3000 m (Sdnchez, 1984). Extensive valleys lic botween the myjor ranges. Lowland plains cover maost of
Ihe castern end of the island (Figure 2). There are numerous rivers and strcams loo shallow for
navigalion but important far irrigation and as hydrocleetric nower sourecs.
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The country ks veologically very diverse. Nine life zones of the Holdridee ecolagical classification
ocetie here (TTokdridge, 1982). Two of these cover 6825 of the nation: Subtropical Moist and
Subtropical Dry Forest (Figure 3). A third zane, the Subtropical Lower Montane Wet Farest, with 79
of the land is critical for » regular supply of water for irtigation and hydroclednic power.
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Figiore 3 Hoddridge Life Zones in te Dominican Republic. {Sonrce: Holdrdye, 1982}

Salient soeio-geozraphic information is shown in Table 1, The population is young, ncarly 419
being under 15 years of age, and with a significant rurul component, The population is growing rapidly
il an annual rate of 2.2%. The huaviest concentration of the 6.5 million inhahilants is in the capital city
of Santo Domingo and in the Valle del Cibao (Figure 2). The Provinees of the country and the
provincial capitals are shown in Figure 4. Almost one million Dominican citizens are resident abroad.
The people are descendents of white Spanish scttlers and black African slaves whose extensive
interniingling produoced » rich tange of mixes. In 1970 the mulatio gronp constituted aboul W% of the
pepulation.  The remaiving 3% was formed by whites of Buropean desceni and by Ulacks.
Unemplovoent is cstimated [ be 30% while the lovel of underemploynient is estimated iy the World
Bank to e much higher (L.A.T., 1984, 1986; Weil et al,, 1982; World Population Instilute, HIETY,

Althonygh the Duminican Ropublic is the most agriculiural of ithe Caribbean islands, 1 still has to
inpott o laree proportion of its faod,  The majority of farms are small holdings with less than 13
heetares under cultivation and many occapy anly 1 hectare. A large part of the tatal agricultural lind
(43%), howewer, s used by a small number of large landowners who cultivate cxport crops like
sugarcanc, sollee, cocaq and tohacen, The governmcal controls about 40% of the land, including large
sugarcane, rice and tobacco ficlds, Export crops are the country's main foreign exchange earncr. Only
119 of the agricullural lind is cullivated with food crops for domestic use {rice, corn, cassava, beans,
yums, and sweel potatoes). The rest (46%) is wtilized for animal production,



Table 1. Socio-geographic facts and figures about the
Daminican Republic,

Surface area (kn®) 48,734
Population &, 300,000
Fopulation denzity (persons/km’) 133
Urban population (%) 32
Population growth yate (%) 2.5
Language Spanish
Relipion Catholie (95%)
Illiteracy (%) 35
Unemployment (&) 30
Average income/capita (U8 §) 1,200

Souree: L.AT., 1984, 1986; World Population
Tnstitute, 1987,
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The cconomy is strongly dominated by the agriculimal seeinr which cploys aboul 58% of the
working population. A small mining industry also cxists: nickel, gold ard bauxile arc the leading
minerals, Manufacluring comprises 2 small number of colablishments, some of which are stale owned.
The food and beverage seclor accounts for the largest proportion of manulaciuring production and
industrial employment.  Tn 1987 a recard US$ L5 billion in goods and services were imported.  Of
unports, lumber and other woad products are seeond only ta pecraleun products.  Exporls in 1957




amounicd 1o only USH 740 million, making the commareial trade deficit about US$ 760 million. Eighty
percent of the foreign exchange from exports comes from agricultural products. An imporiant source
ol income for the country is the almost 200,000 tourists who annually visit the Dominican Republie us
well a8 the remittances to local family members by the large number of Dominicats who reside abroad,
Terism income approaches USE 600 million yearly while remittances are estimated at US$ 800 million
{Santo Domingo Mews, 1988, Weil et al,, 1982),

in 1977, 57% of the fand in the Dominican Republic was farmland and about 14%% was in forest

cover. A land capalality classificution was prepaced by (he Orpanization of American States in 1966
(Tahic 2).

Table 2. Land capability cluss for the Dominican Republic.

{lass Area (kmzj Area (%) Production capacity
I 537 1.1 Excellent for cultivatien
11 2,350 4.9 Very good for cultivation
I1I 3,122 6.6 Food for cultivation
v 3,639 7.7 Marginal for cultivation
v 6,071 12.7 Pasturc! no ervosion hazard
VI 5,611 11 .8 Pasture; erosion hazard
VIl 253,161 52.7 Farestc
VIII 1,202 2.5 Wildlands
Total 47,693 104,06

#Does not include 588 km” in islands, lakes and other
unclassificd avcas. (¥rom Hartshorn, 19810,

Although almast 33% of the toal lund arca in the Dominican Republic is best suited for forest
praduction, the most recent inventery of land vse (CRIES, 1980) indicates slightly less than 7,000 kin®
ol forest remain in the country. This represents only 147% of the total land arca. This fgure may be an
underestimation of the Torest due 10 the fact that the study defines forest us having a canapy closure of
at least 757, which excludes the majority of the open pine forests. An earlier study by FAO {1973)
found 10,966 km* {22,745} in five farest types (Table 3). Bowever, ooly ahout one-third of (he farest
land was cstimated to be undisterbed by lire or slash and burn agriculture. Whatever (he exact fipure
ol remaining natural forest may be, it is clear that deforestation has taken place in many parts af the
Dominican Republic which ol one (ime wus well endowed with pine, hardwood and mixed
pine-hardwood forests. The couses of deforestation are uncontrolled cutting, wildfire, prazing, and
comversion o agriculture,  Subhumid broadleaved forests and mixed pine-hardwood forests in
particular have been deflorested, prabably because of their accessibility for lopging and better soils
which are aitractive Tor agriculture,  Estimations from comparisens of present day forest and the
primeval forests predicted from Holdridae Life Zones indicate that 838 of the humid broadleaved
forests and 629 of the subhumid broadleaved forests have been cleared (Hartshorn et al, 19811,
Especially in the lurbulent years following the death of Trujille in 1961, forests diapperred at an
alarming rate.

some measures have been taken to stem the rate of loss of forest cover. In 1967 a presidential
deeree closed sawmills and prohibited the cutting of trees. This greatly contributed to the protection of
ihe remiining pine forests, which oveer on poor soils in remote and rugged terrain and hence are of
little interest to agriceliurists.  However, deforestation for slash and burn agriculture, as well as for



charcoal production and firewoud, continued at almost the same rate, The law also discouraged forest
management and plantation establishment due o the misconception by the general populace that
planted trees could ot be harvested, rven though a permil system is existent as part of the decree to
altow plantation vwners to harvest,

Tahle 2. Area of and percent of total land in different {orest
types i the Dominican Republic in 1973 according (o

FAQ sudy,
Forozt tvpe kem? 4
Fine 1,962 4.1
Mixed pine-breadleaved 1,385 2.4
Humld broadleaved 4,135 8.5
Subhumid broadlesved 3,382 7.0
Mangroves 102 3.2
Totals 10,966 22.7

From llartshorn et al., 1981,

Refurestation activities are neevssary for three major reasons; erosion control, fuelwood, and
industrial wood products. Soil erosion has reached serious proportions in most of the watersheds. Soi;
resources in which the nation's (ood is produced are buing lost and sediments ar: choking the
rescrvoirs which are an important source of irrigalion water and hydroeleetric power. Covering Lhe soil
surlace with more permancnt crops like trees would belp to alleviate the problem.

There is a larpe and growing demand for wond fuel in the Dominican Repubdie, in the form of
both firewood and charcoal. [ts extent is nol precisely documenied but all estimates are (hat it is large,
According o a 1981 census, 78% of the population use fuelwood or charcoal for cooking, Almost all
the charcoal in the country is praduced in earthen kilns (hat give a very poor yield, This vicld is
considered o be aboul T unit volume of charcoal per 3-7 unit volumes of wood. In addition, the apen
type cooking stoves used in both rural and urbag arcas have an efliciency of ooly 7. Growth of (he
population of poor coupled with an increase in price of imported fossil fuel has resulted in an increased
use ol wood fuel in rtecemt years.  Based on an average consumption of 045 m° of
fircwood /person/year, this alone means a yearly consumption of 29 million m” of wood, without
considering the additional demands of industry and the conversion (o charcoal for usc in urban areas,
O the tolal energy consumption in the Dominican Republie, 674 is derived from imported fossil fugls,
1% from hydroclectric generation and 329 frpm sugarcane residues, fuelwood and charcoal. Much of
the fuclwood und charcoal demand is met by harvest from the native dry forests {COENER, 1985
Moreli and Knudson, 1984). Shortages of wood fuel already oreur in cerlain parts of the country.
Management of the existing native dry forest (o increase yield and establishment of plantations of fast
growing species with gand fuelwaod value could be parl of a solution to the problem,

The Domivican Republic is a net importer of lumber and wood-based products. The patential
forest productivity of the eountry is cnormous. It could become self sufiicient in wood and support an
industrial basc that would provide employment, income, and reduee the trade deficit.  Before the
prohibition against cutting in 1967, there were sevenly-five sawmills in the country and domestic
production met demand.  Since then, most lumber and other wood products have been imported
(Ramm, Pouter and Rudalph, 1987 and Weil et al,, 1982).



The primary apency charged with mangpement and protection of the country's [orests is the
Direecion General Forestal, mare commonly referred (0 as FORESTA. 1n 1967, major administrative
responsibility was moved {rom the Seerctarfa de Fstadn de Agricultura (SEA) 1o the Seerctaria de
Fstado dc las Fuerzas Armadas, where it resides today, Onc of the military's principal civic action
respansibilibies is o supendse FORESTA and 1o regulate the conservation and restoration of (he
forcsts, the trursport and commerce of forest praducts, proteciion against fires, and o instil] in the
miads of the population the very serious need for lorest conservation,  FORESTA is headed by o
Director-Ceneral who had until 1988 been a high ranking officer in the armed forces. Policy matters
are coordinated between FORESTA and CONATEF (Comisin MNacional Téemica Forestal),
Operationally FORESTA has 8 districts and 24 subdistricts. Each district has an vfficer in ¢harge whn
i5 responsible to the central office in Santo Dom ingo. The majority of FORESTA's poTsonie]l arg
accupicd with vigilanee and fire control and with planning and implementing reforestation projects
dealing with ihe rehabilitation of degraded lund. There is no integraled or sustaingd yicld management
al native forest land and littke wilization cxcept for salvage vperations, FORESTA is the most active
organization in plantation larestry in the Dominican Repuic. However, owerall efforts o establish
forest plantations in the Dominican Republic have been modest 1o date {Harishorn et al, 1981). The
Lwo muain species planted are the indipenous i occidentatis and (he introduced Pimes carbara var.
hemedirensis. Both are plunted for the dual nurposes of watershed stabilization and wiod production.
Other specics planted on a smller seale ace Siwicrenia mohagoni, Lencacna lencocephala, Cassia
stestew,  and variows cucalypts, A oumbor of other species have been planted in
experimental fdemonstralion plots at FORESTA'S nurserics.

Other organieations also are involved in reforestation and product utilization, SEA (Sceretury of
Agriculture) has long maintsined tree norseries for distribution of scedlings ta landownees,  In
acddition, SEA coordinutes several Jand use programs that include forestry components., Among them
are MARENA in Sun Jusé de Ocoa and Project Bao near Janico. SEA alen helps to fund Plan Sivrra
near San José de las Matas, a private extession/demonstration effort that integrates mountain
agricultur2, forestry, public health and devclopment. The Direecién Nacional de Farques manages
national parks.  The Subseerctaria de Fstado de los Reeursos Maiurales, a subageney in SEA, is
responsible far planning, implementing, and supervising national policy for all nastural resources, Many
indusfries, especially mining firms with 2 government concesiion, estublished forest plantations as part
af their land reelamation program. The mast impertant were Alcoa Cerporation, mining bawxite in the
exireme southwest of the country, Falconbridge Daminicana, a ferro-nickel mining firm near Banao,
and Rasario Dominicana, a gold mine operation northeast of Booao, Gulf and Western Carporation
also had established u fow experimental tree plats on its sugarcane lands before selling its propertivs
that are nuw operated as Ceotral Romana,

The muin prablems envountered in the execution of reforestation programs are 1) insulficient
professionally tcained foresters, 2) lund tenure controd, and 3} a fuck of forestry consciousness, There
is 4 serious shorlag: of teained foresters in tbe Dominican Republic. The general lack of activity and
the associated lack of employment opportunitics in forestry is a definite disincentive For an individual io
seck training in forestry, Although by law FORESTA is empowered (o define and manage all forest
land, both private und public, povernment sponsered reforestation has taken place only on lands clearly
under governument contrel. There i 4 real need to defing the baundary of peblic fand in the country
and to devide which {ands can reabistically be controlled by FORESTA. As in many other developing
countrics the native forests are considered as a public reseurce 1o be exploited and converted 1o
agricuituee o7 pasture, By fostering o conservation cihic amung the papulace and by involving the rural
people in reforestation and agroforestry programs Lhese atfitudes might be changed. There also is a
need for pitet plantation ¢stablishment, managenient, and lnancial analysis to demonstrate to privie
individuals with capital and land the patential economic gains fram investments in farestry.
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Description of Project

In recognition of the heavy economic cost of imported petroleum and the potential shortfall of
fuelwood, the Dominican Repeblic instituted a program for ibe develepment of domestic sources of
=nergy to provide alternatives to imported oll, As onc parl of a broad energy project, the Woad Fuel
Development Program for the Dominican Republic was initiated in June 1933 The project was
iponsored by USAID and the Dominican Republic throwgh its Comisién Nacional de Politiza
Energética (COENER). Purdue Uwiversily was awarded the compelitive contract fo serve as technical
advisor and to work with the Instituto Superior de Agricultura (15A) and personnei of COCENER who
condocted the research work,

The primary objectives of the projeet were to develop a scientific research program that would
address the prohlems of fuclwood production and conversion 1o charcoal and at the same time ¢ohance
the resvarch expericnee and experilsc of foresters in the Dowinican Republic with the aim of
sustaining future research efforts in fotestry.  The original projeet scope was cxpanded from a
concentration on plantation estzblishment on ariu sites to include plantation establishiment on more
humid zsites as well as management of the remaining native dry forests.

The {ive-year program suceessfully coordinated the cliorls of public agencies and institutions,
industry, and individual landowacrs who had expertise and interests in fuelwond and charcoal in the
Dorrinican Republic. The Federal University of Vigosa in Minas Gerals, Bravil, provided technical
traiming and advice in the area of charenal conversion during the project.  An outline of the major
thrusts and approaches of the projeet is given below,

I Basic Studies. This aspeet of the project focnsed on coology, dendrology, assessment of
existirg forests and plantations, policy and flinancial leasibility of native forest and
plantation establishinenl and management. These investigations prosaded support data
for the other phases of the project.

1I. Tree Research. Tree specigs with potential for uwse in fuclwood plantings were
identihed aed estublished in plantations and cxperimental plots. These plantings werc
desigmed (o yield information concerning adaptation ol exotic tree specics Lo specific
sites, optimum spacing, fertilizer response, cultural practices for establishment and
maintcnance, insect and disease problems, growth and yicld, and susceptibility to
grazing animals, Two ¢xsting troe seedling nurseries were expanded and procedures
developed for production of large quantities of comainerized seedlings of the desirable
species. The seope of the tree research prog-am was cxpanded in the first year of the
project to include humid sites in addition Lo arid sites and (o develop techniques and
apzroaches for management of the existing native dry forest.

Il1. Wood Conversion. The principal objective was (0 improve (e ¢fficiency of conversion
of wood to charcoal and (hus 1o streteh the wood resource. Brick kilns were designed
and constructed that demonstrated greater efficiency than the traditional carthen kiln
technique. Species characteristics, the size of woody matcrial, and moisturc content of
wood as it related to charcoal conversion were investigated. A iesearch laboratory and
analytical procedures and technigues were established.

I'. Training and Institubional Building., Botk short- and leng-1em training programs were
important aspects of the project. Long-lerm acadeniic traiming was supported at hoth
the MS and Ph.D. degree level at universities in the ULS,, Brazil and Venczoela, These
training programs were provided with the expectalion that the individeals would retin
to or join the faculty in lorestry at ISA. Their expericnee and Lraining should markedly
cnhance the quality of the teaching and research programs at this instibrtion,
Short-terra training was offered within the Dominican Republic and & number of
faculty and stalf of 18A, COENER, amd other agencics atliended symposioms,
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workshops, conventions and educational programs in ather parts of the world. The
impact of the training efforts is evident from the enhanced appreciation of forestry and
forestry research among stalf associated with this project.  The institutional building
aspeets of the project will increase even more markedly when the long-term trainces
jrin the faculty at iSA.

This report presents a summary of the research program, the infrastructue: developed, the
technieal results, and the training provided to Dominican foresters in the areas of research plancing,
tree nursery and forest management, and charcoal prodection. The information is orpanized in
chapters that deal with the native dry foresi {13), plantations (111), charcoal production {IV), and policy

(¥).
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CHAPTER Ii

CHARACTERIZATION AND MANAGEMENT OF NATIVE DRY FORESTS

The Dy Forests

The native dry forests of the Dominiean Republic are important resources that have been reduced
in cxtent and quaiity by centuries of fclwood harvesting and livestock grazing, These forests are
defined as cither Subtropical Dry Forest or Subtropical Thorn Woodland according to the Holdridpe
Classification System of Life Zones (Holdridge, 1982), This classification systent docs nal take into
tecount the floristic composition, but rather elevation and climatiz factors.

Subtronicil Dy Forest

The Subtropical Dry Forest includes arcas with an altitudinal range of 0-FX) m, annual
precipsiation of 500.1000 inm, biotemperature of 18-24°C, and a coefficicnt of paiential
evapotranspiration of 1.0-2.0. This Life Zone vecupies 2962 km? in the conntry, reproescnting 20,755 of
the total surface arca. Intensive use of the land has reduced the native dry forest vegetation so that
tucluy only about 3,000 km® renain. These forests are [ocated an urdulating Tand in the western Cibao,
the arca wround Yuma Bay in the province of ANagracia, the arca of the Baornea peninsula, the San
Tuan and Nedh valleys and the Azua and Bani plaiss. These Jands are sosuitable for ircipation apd arg
tow dry for nun-irrigated crops (Hartshorn et al,, 1951; Jennings and Ferreiras, 1979) (Figure 5).

Subtropical Pry Porace

n Subireplcel Tharn Wood|ond

Figure 5. Location of Subtropical Dry Forest and Subtrapical Thom Woodland
i the Deominican Repribiie,

The main use of these forests is as a souree of firewood and charcoal and browse for goas. These
lwo uses constilute (he 1wo bigeest problems in the dry forests,  Uncontrolled and indiseciminate
culting of trecs for charcoal and fuglwood and a Jree ranging approach ta grazing goats has led (o
significant degradation and exploitation.  The impactanee of poats in the rural economy has kel to
intensive pressure on the dry farest and encrgy needs of the inercising population continue (o have a
negalive eflect un it OF the total energy consumed in the Dominican Republic, 32% is durived from
sugarcane residves, fuclwood and charcoal (Morell and Knudson, 1935}, Much of the foelwoad and
chareoal originates from the Subiropical Dry Forest,
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Subtrogical Thorn Woodland

This Life Zome oceors in the doest part of (the Dominican Republic, particularly in the southwest
whure it uxiends from Lake Enriguillo to Puerio Viejo al elevations less than 300 m. Other small areas
of the Lile Zone border Honda Bay (near Cubo Roja), Oceoa Bay and Calderas Bay (ncar Punta
Salinas). Anather small area 3s Tound at the base of the Aguacate Hills in the northwest of the Cibao
(Figure §). [t aceupics only 1,001 km®, representing 2% of the country (Hartshorn et al., 1981).

The chmatic conditions are characterized by less than 300 mm o raio annually and an aonual
bio-temperature of 18-21°C. This combination of high lemperature atd little precipitation cesults in a
cocflicient of poteatial evapotcansparation of 20 to 40, The nutural vepetation of the rone consists
principgally of spiny shruls aod coctus. The cacll iocdwle Opnnfie antiffana (puazibara) and
Neoabbottta paicidnte. Alse commaon are Copemicis bereraana {Yarey palm), Prosopis fufiflors
{eambrding und specics of Cappariy. These forests also provide a souree of fuelwood and chareoal, 1tis
often difficnlt 1o distinguish the thorn Tarest from the dry forest, particularly when the subtropical dry
Turest has een inlensively utilized,

Deseriptiom of Study Area

An expertmental farest of approgimately 1000 baowas established throuph cooperation of [5A aod
COENER near the cily of Maa. The Finea de Investigaciones Forestales de Mao is localed in the
western part of the Ciban Valley (1735N and 71%W) and is included in the Sublropical Dry Forest
Life Zooe, The repion is semi-arid with average annual precipitation 740 mm, temperature 27.2°C and
patential evaporation 1,243 mm {coclficient of evapatranspiration 1.7). Preapilation is quite ioregular
with rainy seasons e March-June and September-December, Averogze annual emperature is more
unilorm (Figure 61, Elevation of the area s 75-175 m.
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The soils are alluvial deposits derived from catearcous rock, are highly susceptibic (o erasion and
have 2 pH of 7.8 to B4, Masture retention is low with o feld capocity of 13.9% (Rodripucr ot al.,
1982}, Thu area eneompasses a variely of siles from level Lerrain with deep soils o steep slopes with
shallow soils. Hartshorn et al. (1981) deseribes the vepetation as a low farest (avorape beight 6-8 m)
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with un abundance of xermorphic specics that are widely spaced and intermixed with cactus and other
deserl plants. 1o gencral, the Finca Forestal is representative of the Subteopical Dry Farest in the
Dominican Republic (Figure 73

Figure 7. Subiropical Dev Forest vepetation in Finca Foresial ot Mao as vigwed fram
the kiavk var the center of the propeny.,

A map ol the Expesimenta] Forest showing the varioos compartmenls, rds ol stroclures is
showa fu Fiynee d. Dacing this projeet the entice area wos feneed to provide protection from cattle and
poals. A systern ol coads which sulidivides the ares into compartments and prowides access has been
construeted. A small nursery bas been expanded, and a work shelter and office building constructed
(Figures @ and (0L A pond for retenlisn of irdmation water his been completed. A kiln area with
wxperimental kilns and @ building 1o house equipment aud an abalytical Inboratery to sepport the
charcoa? research aspect o the Trojeet have been logated @1 the aorthwest edge of the properny
{Tigure 110

Hesvarch Objectives

The principal lang term objective of research in the oalive dry focest is to integrate ceolagical,
sitvicollural and ceonontic information (o develop management models for the enhancement of prowth
and yicld of Tuchvood and charcoat frum the native Torest. Six hundred hectares of the W0 plus tha
constituly the Finea de Investigaciones Forestales de Mao have been dedicated (o these studies and as

a preserve for future studies and observidions of the native forest, The remaining 300 heclares are lar
pluntalion (rials,

Specilic rescarch prijects were instabled

1} Tdentify the species that occur o the native dry Torear.

2y Documeni the compaosition aud ecolopical dynamizs of the focest,

3) Determine the rate of priwth of the existing forcsl,

4) Deternine the response of the forest to sibiculiural treatmients such as contral of ground
cover and brush competiting, thinning, coppicing, and enrichment planting,
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Figtire 8. Map of the Finca Forestal in Maa.

Experimenta! Approach and Procedures

Woody Mlant Ldenlificatien

The trees and shrubs of the native dey farcest in the Finca Forestal were Virst identified by common
nare or sames thriueh consultation with local residents aod charenal producers who had cxpericnce
with the trees and their uses. Scicotific names of the speacs were determined if possible from cxisting
biooks and lists of trees known to exist in e native dry forest, The standard vsed for namenclature
wis Layaer (1983, Growth hubit, leaf, flower, feon and bark charwteristics were uscd Tor
iienitlication when they were available. However, many of the specics do not flower frequently or the
flowers exisl [or o shorr (ime, aften only o fow doys, Since the wost prosounced ideaificgtion Teatue:
of plints is the Oower, specilic identifieation has wot yet been possible Tar some of the trees and shrubs,
A booklel was prepaced that included o dichotomous key for Wdeatification using only leaf and spine
charactenstics, comoan uwmes 4nd seicelific names when known, and a Driel deseription and drawing
al the leal chirseleristics of cach tree and shrub (van Faassea, 1986).

Bised on study of recent aeridd plotogriphs, 8 transecls were 2stablished to sample disting
seetions of the nalive lorest in Lhe Finca Forestai at Mao (Fipure 8). Lach trasseet consisted of 6 (o 14
sectinos that were d mowide x 1R 1 long (Fipere 12). A total of 7,600 lincar meters and 3,400 m’
were sampled. The nomber of teees of each species and the number of stems wath o diameter at breast
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beight of 2.5 em ar greater were recorded, Trees without stems preater than 2.5 em were considered
partl of the groundeover and were not recorded. The number of stems with dlvh greater than 15 em was
noted. Percenl groundcover was cstimated visually (o within 10% (Powell and Muercedes, 198a).

Figure 8. Planting tree seeds in contiginers at sursery in
Finca Forestal,

Ten superior phenotypes of cach of the jree species most desiced for fuelwood and charcoul were
identificd und located in the Mao Experimental Forest as sources of seeds. The Lrees were carciully
selected 1o represent the various microcovieonments and sites.  Gach parent tree was lapped and
located on a map, Phenalogica] observations were recorded to develop an aperaional knowledpe of
species bebindor, especially lime of seed availability.

In 1934, M) circular permanent plots were cstablished throughout the Fine Forestal to reprosenl
the diversity of sites {Fysere 8), These were aggreputed in 10 rroups of % pdnts sa that within a groop of
3 plats similar sites and microemdronments occureed, ach plon was cirewlar in shapie with a diameter
of 13.8 m and an area of 600 m® Ten of the plats were randomly assigned as controls. Ten were
clearcut, providing data an tree dimenstons and weights, us well as Tutyre information on natural
regeneration processes, The third et of 10 plots was ket intact excep! for treatments of the understory
vegetation, The ten eontrol plots were to serve as comparisons for experiments in the Ireated plots and
as a meaas for moniloring Yong-term growth aud ceological echanpes, These 10 phets were inventoried
and each of the trees identificd and measored (Herndndez and Disla, 1987), The nunmiber of siemsfha,
diameter at breast height (1.3 m), dismeter at bnee height (30 cm}, and otal heieht were recorded.
Average basal arca was caleulsied for each tree and wtal basal arenfha compiled. The intent was to
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avpid any interference wath the vcgelalmn in the control plots excepl occasional nan-destructive
measwrcments.  Thus, the 60 m® that they constitute, spread over the variety of conditions in he
[orest, shauld give 4 pood long-term indication of the forest’s dynamics and productivily. On the ten
L]Lnrcut plots, Maxticld {1985) conducted measorational studics on the central 200 m® with the
collaboration of the Dominican native forest research tewm, These plots alse were used for Sprauting
studies (Disla, 1987a,b,c; Disla, Gomez and Mercedes, T986),

| il et LY I gt ,E-_-}"r’ % r.-._-
}' e M Forest researcher fosé Hemdindez with seorctary Mitapros Almdnzar in
front of the office building consinticted at the Finca Forestal in Mao.

Figure 11 Charcoal kilns located in the Finca Forestal in Mao.
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Fignee 12 Wolftang Arand and Beato Abrfiy estahiishing a transect in the nagive
Jorest at Man,

One problem that bas coofronicd workers in the drv forest &5 the calculation of wouod volume or
weight as o mensure of growth aml cventual productivity, The twisted, mulii-stemmed trees defy casy
measureminl, Foresiers hav typecally developed their volume equations based upon sinple stems wilh
mare nr Jess eylindrical seetions ar conical shapes. This does aat lunction well for the complex andl
vuried forins of trees that prow in the drv Forest.

Muxficld {19583) collabarated with the Dominican dey forest researchers (o test methods of
estimating woody biomass from simple held measurements,  He recommended using basnl area
caleulated from the diomeler at knee height (05 m) (JEh) as the independent variable und weight as
the dependent vaniable, using simple linear regressions for each of 19 species. These CqUALONS Were
developed from measarements of 556 symple trees. A minimum of 20 trees of each specics and a
representation of the various diancter classes were meusored. Digmeler at knew heipht, diameter w
Prewst height, coown diameter, wral height, preen weight of the harvested trees, and welght of the
sable bomass aller noo-commercial twigs and leaves were reooved (o 2.5 em diameler were
derzemined,

For purposes of comparison, hasal arca and yield also were sampled on an area of approximately
15 ha thit was clearcd in Compartments 1 and I of the Finea Forestal {Fipure 8) lur cstablishment of
planlations af cxotic species. The wood wus piled and the volume measured in steres. The actual
volume of solid wood in a stere (1x1x1 m} was determined by messuring the diameter and length and
enleulating the volume cf cach stem in each of 10 steres. The ratio of 2ctual salid velume PLF STETC Wik
a enefficicat for conversion of piled wood (o solid weod {Herndindez, 198603,

Forest Managemen
Centrol of Understory Yepetation A sampde area of 12,000 m® in 20 of the purmanent circular

plots described above was defined in the Vinen Forestal W Mao, Three treatments were imposed as
follows:
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1) 10 plots - No treatment of understory or ground cover,
2y 5 plots - Complele rewaval to bare soil of shrubs and weeds with a hae,
33 5 plots - Chopping or cuiting of shrubs and weeds with 3 machete,

Trealments were repeated as needed according to reprowth of the vepetation. Parametars manito, ed
for trees greater than 2.5 em dbh were diameter at knee height (50 e} and breast height, and total
tree height. The data were analyaed (o compare tree growth in respomse o Lhe method of understory
conlrol.

A study 1o identify and determine the importance of weeds in the dry Torest was installed, Vifty
circular sample plots of 100 m* cach were randamly csblished. Gach plotwis divided into quadrants
using the cardinal points of the compass, All the weeds, large trees, tree seedlings and epiphyies were
identificd and counted, and the bare sail areas estimated in one of the quadrants.  In the remaining
quadrunts, caly the trees and seedlings were counled {Burgos, Dilond and Mercedes, 1986).

Invichient Planting Sindies were inttidded to investipate the feasibility of the enhancement of
the native forest teough planting of both native and exotic speics that bave desirable wood qualities
and growth rates. This oonagement stratepy is justified when the forest is pawrly stocked with
eommercial specivs or when natural repeocration is ot occurring following previous harvestiog for
uclwood and charenzl,  Although earichment trails in high foreats have usually failed due to
competition, they buve carely Tweeo tricd in the apen dry forest,

Earichmenr plantings can take two forms: 1) Planting in acared steps from 1 1o 5 meters wide
that are separated by strips of wndistbed foresis, 2 Planting in satucal openings in the forest,
Planting in strips has the poteniial of transformisg e nafurl trregular and belerogencous lorest to
o of greater homogeneity und value. The native forest between (he strips s still retained ynd Lhe
potential value of ils troes is not lost, 1o vase of failure of some af the planted trees, the outive forest
continues its development with minimal distuchunce.

An experiment his been installed in the Mao Experimental Forest 0 manitor prowwth of rees
planted in clearcd strips and small apenings. The strips are 3 m wide x 50 m long and spaced so that an
acea of 5, 10 or 20 m wide of undisturhed vegetation is lefl between the steips (Figure 13). Narrow
strips only S0 ene wile that provide cusy aceess lunes (o random spol opeoings alsa bave been cleared,
Along these access lunes, natuzal upenines were widened (o 6 em. Buth natjve and cxolic specizs will
Be planied. Thus Tar, ooly Lencaena levcocephata varicly K-8 has been successlully planted,  Tlhis
explic species was selected for investipation hecause of its known rupid growth and adaplability to poar
und shallow soils. Azadirachta imdica and Cussia siamce seedlings fared poorly hecause their planting
was fallowed by un S-month drooght.

Thinning Twenly-four plots that are S0 % 50 m (2500 II'IE} were delineated in the Finea Farestal at
Mo between October, 1985 and Fanvary, 1986 (Figure 8).  The experimental desipn was four
rundomized compbete blocks. Eaeh block consisted of 6 eontiguous plats, Within cach 2500 m? met, 5
permancnt ciceulie plots of 100 m? each were defioed. A fotal Inventosy of ecach cireular plol was
made, resulting in s foventory of S0 in” por plot, The inventory consisted of identificuion of each
tree by species and measurement of its buight wnd dismeter a both 500 em and dbh. Following the
irventory the plots were randomly assigned o 1argut thinning treatment uf 0, 20, 40, 60 and 80%. Twa
control plots (48) were randomly assigowd to cach lock {Fieure 143,

The plols were Lhinned in Fanuacy, 1986, Four criteria were used in the thinning process.

1) Tavar the species most desired for eliircoal,
2y Try to maintain specics diversity,

3) Seleet trees of good form,

4} Strive lur uniformity of spacing smong (rees.



s digtt et

Fimere 13 Cleared strip in native forest for endchment
JHIIENE,

Thus, there was net a striet adherence to mathematival critesia for thinning but rather a prolessional
judgment tw produce a qualily, varicd and healthy residual stand.,

Figure 14, Experimental plot layvout
Jor study of response of
rradive dry forest i
thiinming Sample of 1 of 4
replications.




24

The actual number of trees that originally securred in cach plot, the theoretical resilual after thinning
and the actval residual afier thinning are shown in Table 4. To reality, then, the thinnings represent
three levels plus a condrol, ane very light thinoing of about 10%;, two in which about one-third of the
trees were removed and ene in which two-thirds were cvl. The thinning levels were calculated on the
basis of averaging the number of trees per heclare for transects, permanent plots and thinning plots,

Table 4. Average getiiad and ticoresical nunber of trees in the expedmental thinning plois.,

Target thinning level

Control 204 A0% 6% 80%
Original Wo. trecas 1863 1955 1525 2050 1785
Theoretical residual 18673 1564 1197 836 57
Actuasl residual 2017 1220 1395 1380 75
Actual ¥ thinning 7% 0% 34 hax
Comparative ¥ cthinning 103 1% 32% 67%

{Based an rfrees in control)

Fedlowing thinning, the plots were reinventoried at 6 mowths (Juoe 1986) and again aler 1.5 years
(June 19457 The height and diameter (dbh and dkhy by species were recorded. Analysis of Tuture data
will e ntually allow determination of the growth respanse of tie entire stand and of individual species
1o thinoingr,

sprout Muesgerment Scveral studies have been instilled o investigate the potential of native dr;
farcst speeies to spoout lrom stumps alter harvesting as 0 means of repencration. Ten of (he 600 1w
aiccular permancal plots deseribed alove were used for some of these studivs. Within each cireplur
plot, five 4 x4 m sample plots were aiformly Jocated (Fipure 13), The total area sampled wis 50
m? feircular phot for a total of 800 m? in ol 10 replications.  Following clear catilng of the entire
arcalae plot, wll the stumps greater than 4 em in dizmeter were identified by species, tagged and the
digmeter and height recorded. Five months Tater the total number of sproaus aod the length of the 5
best developed were measured and their peint of origin recorded {fe, side of stump, stamp erown, root
collar, stump wound, or root). These ohservations and measurements were made again at 8, 11, 14 and
20 months Ioliowang clear cutting (Disla, 1987h and sla, Ghmez and Mereedes, 1986).

Figurc 1% Representative replication (1 of If1) and plot
devenit for study of sprott produciion o
stimmprs following tree harvesiing,




The objectives were:

1) Determing (he number and length of sprouts per species with respect to diameter
and height of the stumy: for cach species,

2} Determine the number and length of sprouts with respect to sile of origin on
the slump.

3) Determine the longevity and number of sprouts retained over time.

4) Campare rool and stump sprouts,

In another study the number of spe s on stumps was controlled such thal stumps retained only
1,2, 3 or 4 sprouts. The growth of these was compared with unpruncd stumps. The study was done in
the same clearewt circular plots described above, However, only four 4 x 4 m subplals were examined

in 4 randomly sciccted plots (Figure 16). The urca sampled was 256 m> Only stumps greater than 4
cm were considered (Disli, 1987a).

Figurc 16, Represcrnaiive replication and plot
leyouit (1 of 2) for sproue pniig siiddy.

Sprouting in relation to thinning was monitored in the plots thinned to 20, 40, 60 and 80%. Four
sample plots of 32 m? (8 x 4 m) were established in ¢ach of the 50 x 50 m thinning plots described
above. There were 16 subsamples at each thinging level and a total of 2048 m? sampled (Figure 17).
The number and growih of sprouts was monitored for 4 vear after thinning {Disla, 1987¢).

Resnlts

The results presented here are only a bricf summary of the salizm lindings of some of the
cxperiments conducted in the native dry forests.  Emphasis is placed on research donc in the
Experimental Forest in Mao; however, other studies also were conducted in the dry lorest areas on the
ISA campus and in the sonthwest part of the country. More fctailed information and resulls can be
found in the refereaces that are cited in the text and in the publications Bsted in the Project Summary,



Figure 17, Representative replication
atied plot livoni (1 of 4)
for study of sprowts in
refation to thinming,
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Trees of the Diry Forest

Sbm

A Bl

Ninety-eighl specics of trees and shrubs were found ta exist in the aative dry forest. An Istrated
guide that includes a dichotomous key for identification based anly on leal and spine characlerishics
was prepured (van Paassen, 1986). The tree and shrub specics identilied are in 21 different familics, A
significant namber of trees and shrubs arc known only by 4 common name since the scentific narme has
nol yet been reliably determined. Lists of the woody speeies found in the Experimental Forest at Mao

organized according Lo common names are given in Tahle 5.

A brief description of @ of (he most common and valuable trees in the native dry Torest and a
drawing of the leaf and twig acc given below, The drawings were done by Marianne van Paassen and

were taken from the Guide she prepared {van Paassen, 1988).

Bailow. Phyllosiyion brasificnsis Capanema, Ulmaceae,

A deciduous tree that averages 10 meters tall with a stem
diameter of 22 ¢m.  The form is crect with a single trunk.
Branches grow upward and produce a crown of aboul 6 meters
diameter. The leaves are simple and wlerpate, somewhat oval
shaped with sercated marging and have pubescence on both
sides.  Spines are absent.  Flowers usunlly wppear the end of
January and the fruet, whick is a samara, begins to falt in April,
The trunk is ashen colored, the bark Furrowed ood pecls off in
strips. Because the wood docs nol crack or sphit, bends casily
and is durable, it is uscd for cabinets and furniture. Tt i3
moderately desired for fuelwood and charcpal.  The fruil is
edible,

(LN} B

TRRLAE i Larnl
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“Jruedn. Cassia emargingta L. Leguminosae.

A deciduous tree thal averages 6 metes tall and 9 cm in
diameter. Tis forn is erect and i usually produces two (riunks
of equal size. The crown is rounded and reaches a diameter of
6 meters. The leaves are pinnately compound and alternate,
lcallel marging are emtire and both surfaces have hairs,
Flowers and fruits are prodeced almast all year. The flowers
are simple and a bright yellow. The (ruit is a legume that turas
brown when mature. The bark is smooth and ashen colored.
The waod is yellow and used for Tuclwood, to make charcoal
and for fence posts. A dye is extracted from the hearbwond.
The Sruits are fed (o livestock,

Cambrén. Prosapis fufiflore (Sw.) DO, Leguminasac,

An evergreen tree that prows to im average height of 6
meters and diameler of 10 em. Tl foliage becames very thin
at times, but the tree is normally never withowt some leaves,
The trunk uwsually divides inle sevaral main stems near the
ground, The erown s {lal and ‘extends to a diamcter of 6
metees. The bark is striated and brown colored. A pair of
coarse spings occurs al the base of the leaves.  Leaves are
bipinoately compound, alternate and smooth,  Small pale
yellow {lowers occur in January, Fruit, a legume, appears in
FFebruary and is mature in March. The woad is hard and makes
excellent fuglwood and charcoal. It also is used for fenee posts
and cabinctry. The bark is high in tunnin and a gum collected
from the trunk has medicinal value,

Candelén. Acacia scleroxyla Tuss. Leguminosac.

A decidupus tree that averages 8 meters in height and 17
e in diameter.  The greyish, cylindrical trunk grows creet,
Branching is dichatomous. The bark is shed very slowly,
Spines are absent, The crown is rounded and dense with an
average spread of about 7 meters. The leaves arc bipinnately
compound and allernate with enlire marging and smooth
surfaces. Fale yellow Rowers develop into a legume [rait that
appears in April. Fruits cre retained on the tree until the end
of November when they begin opening 1o release seeds in
December and January, Defoliation is complete b the end of
Tuly and the tree refoliates with the rain in Scptember and
October. The waed is very hard wad is used in cabinetry and
carpentry, for fuelwoad, charcoal and fence posts.

I 2 rmim Tnarks sgimish
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Frijol. Capparis cynophaliophora L. Capparaccac.

An evergrcen tree that grows to an average height of 8
melers and diameler of 20 em. The {rec geows crect and may
be single or muitiple stemmed.  The bark is dark grey with
small while sp.ts, rough and slightly furrowed. The sancpy is
rounded. Leaves are simple and alternate, The upper surfaee
is smooth and brilliaot and the lower surfacs is densely covered
vilth dark grey scales, Purple, fragrant flowers anpear in April
and fruit pods containing bright brown sceds mature in Mz,
The wood is dense and used as fuclwood and charcoal. Root
extracts are used as insect repellent and bark and leal extructs
are used (o treal certain nervous conditions,

Guatapanal. Cacsalpiniu cortaria (Tacy.) Willd. Leguminosac.

An cvergreen tree averaging 5 meters tall and Hocm
dianeter, The Lruak is normally twisted, nol always erect and
sametimes dividing inlo two or more stems. The brown bark is
rough and furrpwid,  The canopy is irregulur’y shaped and
wide spreading, reaching & diameter of 6 meters. The leaves
are compound and allernate with entire margins and smooth
surfaces. Young leaves are reddish and then tarn a dull preen.
Aromatic flowers appear in June, Dark twisted fruit pods
begin to ripen in November. The tree and wood have many
uses.  The reddish calored wood is prived for fuelwood and
charcoal and is used in turnery and ornate furnitare, Bark and
fruit ar¢ rich in tanin and a dye is extracted from the frojt
Most parts of the tree are thought 1o have medicinal value,

Guayachn. Guaigcum officingle L. Zypophyllacese,

An evergreen tree that averages 4 meters &)l and 5 om in
diameter. The trunk is short and skghtly inclined. The bark is
grecn with greyish nottling and is shed in scales. The canopy is
more or less rounded and dense with o diameter of about 3
meters.  The leaves are pinnately compound with cntire
margins and rotgh extured surfaces. Purple [lowers arc
usually horne in March ta April.  The fruit is bright yellow,
heart shaped, flat and contains ore bright red seed. The wond
is strong, dense and resinous. It is sed for fuelwond and
charcoal and for making implements and ools. Extracts from
the wood, bark and seeds have numerous medicinal uscs.

mrpgty 1% Clllath dekindgl
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Quina. Exosterna caribaenm {Jacq.} Rocm. & Schult. Rubiaceac.

A decwduons troe averaging 6 meters tall and 6 om in
diameter. s trunk is cylindrical and divides dichotomously.
The bark is rongh, white with black mortling and is not shed.
The crawn is smol) and reaches a diarmcier of only 2 meters,
The leaves are simiple, bave enlirc margins, smooth surfaces
and are shed the end of Qctober, Tt Nowers in May and {ruit
matures in July. The wood bures casily and is used for torches,
as fuelwond to make charcoal, and for turnery. The bark is a
saured of guinine.

H oI Innala mnraral

Uvero. Coccoloba feogunensis. Jacg. Polygonaceac,

A deciduous tree with average height of 6 melers and
dinmcter of 7 em, The trunk is irregular and produccs many
stems near tite groond.  The bark is rongh and is shed
abundantly in large thick bluish scales. The lesves are simiple
and altzrnate with cnlice marging and smooth surfaces.  As
leaves ape, they develop holes so that eventually only a skeleion
formed by the veins is lefi.  The tree flowers priucipally in
March and fruis in April. Leaves are shed in September and
the tree refoliates apain in November, The wood is used for
luelwood and charepal.

Ll LUl IS pematy gulwrel



Table 5. Common and scientific names of trees in the Experimtental Forest at Mag.

Cummai Nams

Scientific Mame

Common Mame

Scicntific Name

they cimnrein
aleli

Aediin
abmdeign colorndy
almudeign Llancn
almendrill:
alparmara

amarr sarnerg
andn e heena
arholica

aroma

azima blaney
Arama exiranjzra
arrajin

asapad de brody
AzeEN Pclranc
Baitna
baviehandy
Truicosn

eihra

cahaifln

caletin

camhrén
campeche
cangdilin

cancta

canclilia

CIFE3 1500

e0F I

carmnnd

v

cayucn

cerecilta

[ ]
chicharrin
chicharruncilo
cipnamg

Cinisa

cinato del grapde
cirigla cimarrona
clavellina de by eran de
clavelliga pe uena
ropey

concllilg

coral

caralite

carizdn de paloma
cirhain

coabilla

cwernn de buey
cicobdn

escuhin klanes
eaeabsd iy morado
frij

Llumeria &5

Hprsegy simacuhy
Thuesery sp.

Consoley mopliformis
Eeynogia gneinats

Acacty e siang
ehiacia macraranghy
Purbineopig aoplests
Fugenig lig:zina

FhutingeyJog Brasilicmis
Aciuciy Loplpee;

G assi] emarginigg
Bunchesks glandy loga

Lastanihng lanzeataly|s
Frosopis jy.,- ary
agmatontyg campechiangm
Adtivgi glernely
innampenue 7o) lanicym

Chogophyllng =p.

Lemairgoeyryus hysieg

Malpiphiz s
Cimearing [licifylia

wPpTdend ran Feere pm

Eitheeg ffubium cirginaly
Eitheeglluhjum sp.

Calligngry hagmatugim;
Clisiay porse
Clhustn sp.

Pl isi hertgrogng

Evgeria monlivaly
Cappraris gypprhattoph ary

frijofille
arharia

ari-Lr(
guacimiia
pudcion
guacunejn
geamarchn
Framachito
guao

puatipanal
Luavicin
puaracdn dr sicrra
lwego de chive
Jaiqur

jabn de pueren
jobahin
Tmanzills
limencille S o
titst pncilte de gdspa
linn crialla

mata beverro
moslare

wju de palomy
pale Ankarge
pa amari|le
palo Blaneo

pala de boreo
prle de caimin
palo de cigpua
paria

penda

pinula

pina macha
AL

quickra hacha
quing

ramsin de burro
rokle

LTI
Sa00My

snpalps
Lahaeneillo
lubacugla blanco
tubaroelo ae e
tanarindn

teeji

tremyling gigante
LA e alo

Wi de girariyman
uvera

A137]

vidiin

wialela

Karwinskia calunctrg

Lraymiey glmifilig
AT Sp,

eanthesylum sp.
Consogladip sp.
Cacsalpinin syraria
Cuaincym, officimples

aeon iz sp.
Trichiljg hirly
Meliorerys binpaing

Lzucacng leveperphals
Lappariz flomgosg
Trichali patlick

Lzpcacna tishodes

Ty i |rifptisty
Clthagewylum sp.

atgliy misrogarpa
Eaostemy carilrym
Cappans fondog
Caatalp Jopgissing
Mavicans buzmfolia
eariphng retieglaia
Zariphus ripniniy

Pitletia spinifaliy

Temarimdes jrdigg

Coccoluby lenpanepsiy
Cuaiac i sangleem
Grotosanthus giaganik s
Rfulia aredaracy

Source: van Paassen, WE; Dhsla, FI57a; Radriguez, Atand and Willaancra, 15982
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Forest Comippsition and Ecological Divnamics

Analysis of transeet data indicated that 74 species of trees were voncountered, 20 for which the
scientific oame was unknown or undetermined {Pawell and Muereedes, 1986). The average namber of
species per transect was 32, Many c:f1he species had spines. The stand structure varied from short and
apen Lo Lall and dosed. The averape number of trees per heetare was 2848 and the average number of
stems per hecture was 3,475, Thers were 388 trees/ha with o digmeter greater than 15 em; this
represented only L% of the trees. Species that had the oreatest reldive impartance based on number
of trees and oumber of stemsfiree were bnitoa (2665, ciyucn (R85%), guina (K67}, guayscan
{0.87%:), and candelén (5,14 { Tabhe s},

Tuble 6. Relwtive iniportunce of tree Species determined fremu fransecis,

Relatcive Belaciwve
Species Imporrance Species imporranae
A A

Baitoa 26.61 Cercza 0.51
fayuceo g8 87 Chicharran 0.45
Guive 860 Ciguamo 0. 33
Guavacin 6.83 Carge de agua 0. 30
Candeldn 5.11 Trejo 0.21
Sangretoro 1.60 Quiebra hacha .18
Almdeigo 3.46 Cuabilla .17
Cinazo 3. 19 Cafetdn 0.14
Brucdn 3.07 Faloe de caiman .16
Cambran 1.98 Campeche 0.1%
Tahacuelo 2.80 Guayahilla 0.13
Canela 1, E4 Cuerno de buey 0.12
Guatapanal 1.83 Penda 0.12
Lvero 1.25 Amarra carnoro 0.08
Cabrilla 1.17 Andn de hvreda 0. 06
Mostazo 1,06 Utia de gato 0.05
Bayahaonda 1.05 Hueso da chivo 0.05
Palo de burro 1.00 Tamarindo 0. 04
Frijoel .99 Cascahuesg 0.03
Desconoeido 0. 94 Gri-pri 0,03
Faria 0.88 Clavellina 0.03
Alpargata C.EB4 TFalo blance .03
Pale amargo 0./8 Abey 0.02
Aroma 0.73 koble 0,02
Jopaipo 0.60 Guamacho g.01
0ju de paloma 058 Falo amarillo 0.0l
Escobdn blanco .53 Cervano 0.01
Guaconejo 0.52

Source: Herndndez and Disla, 1987,
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The most common woody species found in the permanent plots according to the number of
trees/ha were haitoy, condeldn, alméacigo, cambrén and quina (Table 7). These resulls were similar (o
the occurrence of specics noted from the transeet inventory except that alméicige and cumbron were
amomy the five most common species in the permanent plots, whereas cayuco and puayacin were
among the five most commean from the transect data. Many of the trees are multple stemmed so that
theee are 2418 lr:.l_w'im and 3682 siems/ha with an average diameter, height and (atal basal ares of 5.9
em, 34t m, and 1156 m? ,fh'i respeelrvely, The canopy appears stratificd in three layers; superior (56 m
nnd higher}, meditm (406 10 5.5 m) ard lower (less than 4.5 m), OF the species enconmtered, 72.8%
had crowns in the superior layer 50%: in the mediom and 26.2% in the lower strata (Pable 7. It
remanr e Ik aciv e d o cortinned oharrvations of the permanent plots iF this stratification
represents growth and form charasteristics of the trees or effects of sclective harvesting lor fuelwaod
aind charcoal JHerninder and hisla, 1987).

A mmp.ur:mn al dry Torest in the northwaest part of the country io Muo with the dry forest in the
southwest is shown i Tabbe 8. The dry forest in the southwest generally has the same specics
ernmposilion and fopography a: that in the northwest around Mao,  However, the southwest is
soanewhat drier sad warmer and this pactially accounts for the fewer trees/ha and lower basal arca.

The averige basal sreafla of approximately 15 ba in ("ump.irimmtq IT and 1L {Figure &) that
were cleared Tor establishmeni of plantations was 878 m ;’h;u The average diameter, height and
number o treesfhi were 56 am, 5.3 moand 2,555 trees/ha, respectvely, Two specics, 2'micigo and
basitoa seeounted Tor 479% of the totdd basat area. Candeldn and guina made up another 14%, The
vicld per hectare of wood was 42.8 steres (Figure 18). Applying the conversion coclficient of 0.42
derived in this study for solid wood/fslere, the yicld was 18 m™/ha of solid wood {Herndndez, 19850,

Figure 18, José Mercedes with wood harvested from native dry forest.
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Table 7. Average number of trees and stems per ficciare digmeer, heiphy, and
basal area for tree specics it three canopy fevels i the permanent

plats.

Tree Specivs M Trces Moy Slems dhh Height Hasal .s‘w.ru_;lj
fenmman gy et b rwr i fensd  ge) perha (m™)

5I.I]'IL' ring Clmnpy Ll
uriy Al al 2l fith .13
Almdcipn 167 L7 4 nd Lz
Aruma 3 o7 nl 0l .25
Candelon In7? NE mn el 154
Palu blancn 33 [ il tdl 14
LTHTES 14 117 53 54 24
Hayaliuuly 117 L7 LR A5 3
Cimra 50 113 4.6 37 022
Brucon 5 Sit in 37 15
Tt 4 S5 3 Sh 1732
Medivm Caropy Lege?
Anin de brefa St oRA 71 A v
Cinbr i 141 () b | K R %)
Tals Jde bicein a3 KK 1 =R 1A 1{1]
Frijnl 50 h? o K. (B3]
Falu am.trge 13 A hEl! il 010
{labezan s s ST .51
{}jn s il KK} Al 5T | (LIS
Ciguatin KK Kk} 44 5 il
Raoliille ] St [am sl (.17
Loreey k] n ] i 1IN 3
L' de gt 17 17 i4 A0 12
Lherg 1l ] LI 4% LI
Swopalpa 13 k! s 4.5 t1.1u
CILagi sy kR 0 fr.l 4l 14
AT k1] S} K1 4.1 .20
Talo de cigin 17 17 LT L1 43
Trejn hXt 5n 4.7 4.0 K43
Pdestineo EX] i 44 LR 0.0%4
Cirugla vimarsona 17 A 590 47 i
Ciual il Kk 0 10 4. .19
AUTAPEL il e 17 17 51 1.4 0n:
Lower Copupy Level

Lol KKl i3 bR 44 Lk
Cancla 13 Sk 57 3.4 1N
Faln caimin E3 100t 51 4.3 .20
Clavellima 17 a1 17 4.3 00,06
LTueso de clive 33 5 an 4.1 343
Sungretora al ti7 52 A0 n.14
Crbitpacin K3 117 L an 1.2
Cahrilty A o7 a7 34 .24
Escohan iT 13 A0 38 [URE
Limancilln dpe avispa 11 (L 5N AT 0
Tabacuele 7 H1 L] 1.5 n.id

Tatal M1E HiRk . - 11.85
Average - - 58 80 -
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Tabie 8. Comparison of dry forest in Mao (northwest) and the southwest part of the Dominican Republic,*

Mao Seuthwest Provinces
S1lvi-  Independencia Bahoruco Pedernales
Permanent culture
Parameter Transacts plocs ploks
Trees/ha 2,848 2418 2,017 083 1,770 1,747
Mean diameter 3.9 3.5 6.8 6.6 6.7
atc 53 ocm {om)
Mean height 5.0 &4 432 5.97 &.76 4,53
{m)
fasal Area/ha 11._86 3.05 i0.81 4,88
(n”)

*Composite of data from Hernindez and Pisla, 1287 Lucianc and Cheeco, 19854,

Simple lincar regression equations with natural togarithmic transformations were developed for
vach of 14 spucics of trecs in the dry forest at Mao (o predict the green weight of the total above
ground live biomuss and the live biomass usable for fuclwood (Musficld, 1983). The equation and
regression cociliclents [or predicting precn weight of usabic biomass arc given in Table 9. It 15
recommended that for inventorying a forest of mixed spucies. the homass regression squations having
basal arca at knee height as the independent variable should be used sinee uniy one measurement is
needed for each stem. Diamercer at knee height acconnted for the major part of the variability of the
dependunt variable for the species considered.

Maxbicld {1935) Tuund moisture content on a dry weight basis to range from 25 to 188 poreent
with 12 of 19 spucics having moisture eontents between 40 and 50 pereent. At 14 percent moisivre
(air-dry), the energy values averaged 7320 Biu/ib. Oven-dry energy values ranped rom 7750 to 9250
Blu/lb, There were 45.6 metric tons per hectare of tolal biomass and 32.5 metric tons per hectare of
usable biomass. This convericd to 592, 508 sod 314 Bto/ha ar oven-dry, air-dry and feld moisture
contents, respectively, whick is the equivalent of 102, 88 and 54 harrels of oil per heelare.

Farest Management

ontrol of Understory Vegetation Two years alter initiation of treatment, compicte temoval of
weeds and shrebs with 4 boc tended 1o result in better diameter and height growth of trees than
chopping of competing vepetation with a machete (Table 109, although the differcnces were not
Statistically significant due to the variation among the different specics (Herndndez and Disla, 1987).

Species demonstrating (he best response in diameter to coatral of cumpeting vegetation were
almécigo (Brrsera simarba), aroma (Acacia famesiana), cuezao de bucy, guatupanal (Cacsalpinia
conaria), and sopalpo (Ziziphes rignonif), In erms of hefght prowth the best response acenrred in
tabacuclo (Fictetia spinifoliz), guatapanal (Cacsalpinia ruriora), cavelling ciguamo (Krugiodendron
fermetien) and quina (Exosterng caribaenm.
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Table 9. Simple lineor regression cocfficients and siatisticy for predicting green welght
of the usable biomass of selected dry forest specics it Man with the
regreiion model i (usable weight) = b+ 8 + (X)) L

Coellients STatisticy

Specicds b [ X, [n Byl r PEH

-1 %181E I Ii03cE X226 Gol96939 9595 4.0-1e.0

Bursera simarba
Almaciga

|

ArCAciy rmacracanthy
AEOg

d

-63MBND 1-0udz712 %3033} 0.EMOL 9811 o,0-310.0

Phyllaostvlon lirasil ensic

Bailca T.096ETY L.038230 Nl 36 D.luodel L RERE &,0-29.0
Cassia emarpunata
Brucan [{ri R 120872 Mpl2e D.I7EEET  .¥:My 4.0-16.D
Politurea aljpie
Caletan FOUISED I.12585) Xy| 1 0377500 LE2EF 4.G-12,0
Proconis jul:flarg
areros T.3187RI 0. 999641 Zul22 0,.16B4DT .98FY 4.0.30.0

Acacia wclercuvla
ik
Candelan

-

TRENZ -FI2ELD Ry |46 0.173730 (%R o, p-79.0

_Fﬂﬂlrd‘l.-lrnb.a__ru Circinale
Cinazo B.EDGITD

=

LAL3NG0 Ry |2 DL213858 RT3 &.0-%.0

Cahparis spp
Frijal

Tl

< 33495y (033108 Frlal noncam (9EED w.G-15.0

Armurys spy,

Suacont)o

—
e

JhE 3RS EIhIAE Kpl2l QNIT27 9759 &.o-).0

Cacsalpina £orian.a l
Guatapara| 7T HE23 M 1. O0F466E Ky |20 OQU1EGI9% 9817 o 0-24.0

Uiy s edhicina|e
Cuayacan LI.36rdEd L. 4ELIEZ Xyl D.201343 %% w.0-10.0

Enotieina Carsaeam
Quira EIFL RN 0. 5205935 Xp|dd QUIEEED]  L932F  4.0.%.0

Mayrenus hoaidolia
Sanpretoro L EH T

AL ha |23 Q.18007F L R516 LEL'ENL

Ficietin _sEim!uIm,
Tasucurie FOARGT e

LOEASTE XellY 0.07791%  (8ERé 4.0.7.0

Cocroleby leoganens:s
— o a2
Uvera F.rolsr) 0,97 4351 Kg |36 G 155439 9657 4. 0.18.0

Others 6. SBGTEY I 137791 Xy 1l 0.283606 LEXS] &.D0-%.K

,1"."'.] roandependent war abfe where:

3= DKHBA v CD ¥y DRHBA = CR X5 = OEHBA * TH2

Xy = LKHDA Ay =
X7 - OKHBA * TH Wy = DAHBA = TH Xg - DRHBA * T|4d

% Conmon name al yercies as fedefied 1o northwestern Damimcan Repwhlic
[ A
Standard error of dhe es1pnate nopatural log tink Jarm.
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Tae 10 Aunual diameter, height and basal area growth over two years of trees in
the native dry forest it response to control of compenition.

Treatment
Growth —
Parametor Control Complete Remowal Chopping
Diameter (cm) 0,27 0.52 0.249
Helght (@) D.45 060 .49
Basal srea (w*/ha) 0.59 0.9 0.23
Total veluwe {(m’/ha) 3.13 5.12

Source: lNHerndnder and Disla, 1987,

Filty-six species of weeds were found i the native dry forest, Ten of these accounted for 56% of
the total numher, The most common were lwo species of escobllla {Mefochia sp.), lwo specics af juana
fa blanea (Borreda sp.). foor species of tremaolina (Craton sp.) ond yerba de ovejo (sclentific name
unkuncwn), Of ihe 56 different weeds found, 20 were climbing vincs, Epiphytes, principally bromeliads
wnd orchids were commun on trees with rough and strinled bark. The relative percent of the surface
ared in the native foresl occupicd by weeds, trees, scedlings and bare soil is shown In Figure 19.

Figure 19, Percent of stirface arva in
neive dey forest accaunied
for by trees, seediings, weeds
ond bare seil, (Brrgos,
Difoned and Mercedes, 1086.)

& Bare Soijl
: T

Weeds canse the grearest damage during the early growth of trees and climbing vines are the most
serious problem cansing poor form and often martality through strangulation {Burgos, Diloné and
Merendes, 1956),

Envichment Plantings Preliminary results of growth from corichment planting of Leucaena
lencocephiala and Azadirachta indica in the nutive dry forest indicate that initiz] trec growth is best in
the narrow strips. A drought following the planting caused considerable mortality, Replanting has
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been done aud future observations are called for, The 66 em spols are much more ccanomical to
install, lesy suseeptilile to vrosion and obviously less distuptive of the native vigutation, These resuls
are only preliminary, however, and plans are w continue monitering tree growth and development.

Response to Thinning Thinning did not resill in any significant changes 1n heipht ar dismeler of
residual trees doring o one year period (Takle 11, However, there appeirs to be a trend toward
greater amounts of growth at the higher levels of thinning. These results sre based on only anc year's
grawth, Subseruent measutcments of the treatment plats after additiona growll pertods are needed
Lo wccurately assess tree growth responses to thinning. The initial tree weasurentents made in Junnary
T486 at the lime treauments were impased were made of all (rees in the mhots refore thinning, Hence,
the June 1986 messurements are used us ibe buseline data Tor the residuwal trees,

The response 1 thinning of seven important species of the dry forest are given in Table 12, The
trends suggest it the higher level of thinoing results in Larger increases in tree size among some of
the species, trat the results are oot statistically differcat. Data should be collected over a lonper period
ol lime for these individual species oo,

Tabie 11 Height and diameter chanpe after one year in trees of the dry forest in Mae in
response lo fameary 1985 thinning.

Parameter Thinning treatment (% removal)

0 20 40 (4] 20

tleipht June 1385 4.63 4 .49 4 049 & 27 4 48
{m) June 1987 565 5.65 5.62 5.65 5.85
Change 1.0z 1.16 1.13 1.37 1.38

Diameter June 198& 5.5 5.8 5.6 5.7 6.5
knee height June 1987 6.2 6.3 6.2 6.2 1.5
{cm) Change 0.7 0.5 0.6 .5 1.0




Table 12, Change in hetpht and diumeter one year afier thinning of selcered
froe species in the dry forest,

Farameter Specics Thinning treatment ‘% removal)

o 20 40 a0 10

Baltoa 1.1 L.4 1.5 1.1 1.4

Brucdn 1. 1.1 1.2 1.8 0.5

Helight Camb an 1.2 1. o, 2.5 1.3
{m} Candelan 1.3 1.1 1.0 1.3 0.1
Guztapanal 0.4 1.2 1.0 1.1 1.3

Guavardn 1.2 1.2 1.1 1.5 1.3

Ouina 1.1 1.2 0.9 1.5 1.4

Baitoa 0.3 0.3 0.6 0 0.3

Diameter Brucdn 0.4 0.4 1.0 0.7 o
knee lheight Canbran 0. LI o 1.7
fem) Canedelon n.3 0.6 0.5 1.6 o]
Guataparnal .6 1.1 ¢ 0.1 2.7

Gueay modn 0.8 0.7 04 l.a 0.2

Quina o4 6.3 2.1 0.4 o

Sprout Management Sprouls were common and in some cases prolilic among trees native to the
dry forest. Of the specics abserved only euabilla, davellina de la grande and parfy did nol sprowt at all.
This result 35 vt conglusive however, since the nember of siumps of theae sperics was very small. For
the majority of species, the nuber of sprouts increased with the dameter of the stunep up to abon
ddem, Larper stumps had fow or oo sprowte. As o general rule, more sprauts onginalted from the
stump than fram the conts (Disly, 1953 and Disia, Goues and Mereedes, 1386) {Tat:le 13).

With lime, there was an autoselection of sprows io some spircies such that the most vigorous
surviviad, Twenly-six months after cuttiog, the number of spraws retained was still wo numerons for
best growth and crventat good stand deosity,  Additional observations of these sludy plois indicated
further autosclecion; baweser, the research needs (o be continued Lo substantiole the continuation of
the aulosylection process {Hernandez and Dista, 19873,

In some spe.des such as bailoa and tbocuels, the awoselection process is slow ar does not occur
{Table 13). In these cases it is recommended to manwally select no mare than 2 of the most vigorous
sprauts and Lo et the excess ones. Pruning of sprouts indicated that longitudinal growth was better
when only 1 or 2 sprowts were retained instend of even 3 1o 4 {Disla, 19870). N is impariant e select
SPLouts te leave so that they are equally spaced en the stump, It is best ol (o retain sprouls near the
surface of the cut beenuse hey are very susceplible (o cotlapse. Weed competition, particularly from
vines, is a problem that cin cause deformation and even death of sprouts. Weed caatrol that does not
damage the stumps or sprouts is recommendad,
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Table 13. Mean number of sproits from stumps and roots, refention over time and length after
26 months in some trees native 1o the dry foresi in Mao.

Number of Sprouts

Stump Roots
— — - —— Sprout length
Specles 5 morths 14 months 26 months 14 months after 26 months {m}
Almdcigo i6 13 6 & 1.41
Baitaea 21 16 14 8 1.58
Cafetdn 23 12 20 Q.63
Cambrdn 1a 13 B 2.93
Candelon B G & 1 1,31
Guayacdn 20 15 11 (.80
Tabacuelo 14 15 17 0,02
Quina 70 41 25 9 0.82

The height of the cut did not influence the aumber or vigar of sprouts.  However, it is
recommended 1o make the cut so that the stomp is aboot 10 em high and made at an inclination 1o
reduce the risk of decay. When stump mortality occurred in species that sprouted, it could usually be
altributed 1o mechanical damage that affowed insects and decay fungi to invade (he stump (Disla,
Gémez and Mercedes, 1986),

Sprout prodoction and growth in length on stumps in plots thinaed o 23, 45, 80 or B0%: of the
stem generally was greatest in plots that were heavily thinned or lotally ¢learcd {Disla, 1987¢;. Thesc
results are vory preliminary at this stage and further ohservations are necded to substaniate any effect
of the degree of thinning on sproul respansc.

Manngement Recommendations

There are nearly 100 woody specics in the native forest near Mao, About 20 of these are common
¢nough to be of economic value, Baitoa (Fhyllostyn.., orasiliensis} and almicigo (Bursera simanha)
dominate in frequency and volume, respectively, probably becavse they were not popular with charcoal
cutters who had intervened carier in this forest. Observations of ecological changes in the composilion
of the forest are expected to provide valuable information and guidelines for forest management,
Hence, continned protection of the Finca Forestal in Mao from local pressores (o graee livestock and
harvest trecs s of great scientific and practical importance.

Most ol the remaining dry forests in the Dominican Repoblic have been arazed and at least ghtly
cul [or fuelwood and chareoal. These fornals appear o respand quickly and positively to manapement.
Wherever native dry forest cxists, il should be managed by proiccting it from livestock and by
inproving its condition and prowth potential through weed control and thinning of less desirable
specics.  Soil compaction by livesiock is a major factor limiting penctration of water into the soil,
Undisturbed litter fall reduces crosion and improves nutrient cycling and soil porosity. Rcgeneralign
studics indicate that most of the oscful species will sprout from stumps, thus allowing loresters (o casily
maintain speeies composition.  Recommendations regarding control of stand density and carichment
planting must await further long term analysis of cxperimental results,
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The Daminicam Pepublic has so little forest remaining (hat it is not in the national interest (o
deforest these sites to establish plantations. The polential vield of fuelwood and charcoal from the
native dry forest is good and the landowners ean be more sssured of success, lower cosi, and net
benefils from managing and prolecting the existing native forest. Ecological diversity also is assared.
Many of the wood properties and alternative medical and pharmaeological values are vel unknown for
many of the specics.
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CHAPTER Il

PLANTATION ESTABLISHMENT AND MANAGEMENT

This long chaplter is divided inta six major sections:

A, General deseription of the rescarch strategy and designs used in the plantation
experiments,

B Ageneral review of the results of the species seleetion experiments.

C. Aoaly s of the leading species and several experiments particulurly relevant (o
Lhem.

L. Dhscussion of various silvicaltural problems, results of experiments and
terommendations of practices.

E.  Mixing forestry and agriculture.

F. Cost projections and profit potential of plantations.

S¥nopsis of the Findings

The plantation rescarch program established about 100 caperiments i the nurserics and in over
Al locations aroind the country, Lesting aboul 40 species of native and exotic trees. A wide varicty of
sites, ranging from dry (o humid climates, basic 10 acid soils (pH = 8.5-4.5), und rocky subsoil ta very
deep alluvial soils were used. Resulls from the trials pls observations on severa) other plantations
provided a selection of six spesics that seem o have a very high probability of success when planted
and managed appropriniely,

The six lead species are Azadirachta imdica, Lewcacna leucocephuta, Cassia siamen, Fucalyping
camuldulensis, Encalypiis robusta, and Celfigndra calodiyrsis. Another six or ¢ight species are Very
likely to be added to the Bst as Dominican rescarchers continue their measurements and expand the
ccological range of their trials. Carclul matching of the species Lo the different site conditions of (he
nation will reduce the possibility of failure,

Two silvicultural management practices that are vital to the suceess of all of these specics on alt
sites are 1) fencing and patrolling to prevent the entry of livestock inta the plantition and 2) prom
and repeated weeding al the start and throughout the carly years of the plantation. On some sites,
fertilization and irrigation may be important to commercial growth.  On others, it has no practical
cilect on early growth. Inoculation of ronts with microflora is important for some species ta prosper;
in other eases, there is adequate natural inocolum in the Geld.

Cosl and income analysts by the research program indicated that on reasonably productive sites it
13 pussible Lo earn an intornal rate of return of 20 percent from fast growing tree plantutions. Although
the estimates of costs and benelits used in these analyses will vary cansiderably by location and product
sold, the returns are consonant with vther cases from tropical arcas with similar growth rates. Practical
expericnee with plantations in the Dominican Republic by the lew carly investors who have starled
harvesting young (rees for poles and charcoal indicates very hish income ratios, far above the 20
percent rate of return. They dramatize the simple fact that there is a strong seller’s market for wood
producced in the Dominican Republic,



Plunting trees in sssoclarion with crops and livestock has already proven to be o snecessiul activity
fowr several owners of oy small Farms o the middle of the country.  Trials ol the 18A farm led o
meorparating more Jepume trees into the pasture and ow Teed operations of the oniversily Byvesiock
herds,  There s o requirement for strong and intelligent management of this mixed enterprise,
howewer. Intreduction of livestock inta plantations of fuehwond trecs is oot recommended voder the
present genweral level of livestock management, This would produce dead or badiv Jamaged tree
plantativns.

In brief, hased upon the Andings of this rescarch program, very careful matehing of speeics to
sies ind mansgement of the spegics proscats sirong cconamic developieal opportunitics for the rural
seclors of the canntry, lavestors in Targe-seale plantations can achivve very poad prafits. Small-scale
farmers have already begun taking advantage of the seil, nutricat, forage and firewood benefits of
agraforestey. The dula preseated allow a oew level of confidence in 1he potential of plantatiog farestey
for profizable ievestmenl,

Research Strategy and Desipns

Ubjectives

In the plantation expeniments, the major objectivies were tor 1) determine which species of
fast-growing fuctwood trees could be used for different ccolopical conditions in (he Dominican
Republic and 2) determine appropriaste silvieulturg] and management procedures for profiable
plantations ol these species.

Stratvyy

To accamplish the olyectives in the Tew months allotied {or the cesearch program, a research
strtegy was developed w permit efficicol and rapid observation of species performance esiog field
trials in the Deminican Republic as the basis for recommendations, Careful research of the Herature
and plantations in other tropical countries helped to determine the species (o be tried. A pragram fo
visit and measure the major experimental plantings of fuelwood-lype speeies in the Dominjcan
Republic alsa provided basie dida on species behiviar and patentiz! (Morell and Enudson, 1984).

1he scleded native and exolic species were planted in compact designs that allowed wn carly
screcning. Some of these same specics were plasted in lonper-erm vield plots and sibvicultural rials
that effered carly indications of growth potential bul that also will continoe to produce data Tor many
years to come. I the shorl run, these plats gave comparative Jata on beights, diameters and survival in
the first years. Continuing measurements will produce data on volome vields und minagemenl mpacls
o0 nel Incwme,

The selecied species offer an initial choice of (rees for different siles. Muny other excellear
species are available for future trials and they should be ested.  The very short deration of this
rescarch program Jid nud allow exhaostive testing of eoy more than the most sceessible species.

Because of he ureent need Tor fucdwood and charconl plantations,  relatively wnderused
productive lands could T uscd for planttions,  Therefore, planting experiments were seattered
throoghout the country, on submarging] to mode ratety prodnctive soils in wet and dry zones,

Although ideal research ennditions include complete control of the land where the trees are
planted, this was not possitle on any of the sites. To get trees growing even hefore ull {undivg became
avatlable in Felwuiry 1984, several private and public landowners offered sites for experiments, These
collabarative arrangements were key support o the more comphes installations at the 15A CAMLS near
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Santiago and ISA’s Experimental Forest al Mao. A total of about 300 ha were aceupicd by plantations
and their fire breaks on the ISA propertics and another 80-100 ha on collaborators” lands, primarily at
Lheir expense,

Desipns

The study of plantations is of greal importance to future 'nvestors, since much of the country is
denuoded of native forests and the lands close to the fuclwood markets will have to be planted soon to
meel the immediate needs of the nation. The pluntation rescarch program consisted of four main Lypes
of experiments, twa of which allow rapid results and two which are of longer (crm consequende
{Monlero, Knudson and Reyaoso, 1934),

L Initial growth trials (LG.) were desipned (o give species selection answers within two ¥Cars.
They vse single teze plots with 16 or more replications (Figure 20). On kess than 1,000
sguare meters, 10 1o 15 species can be compared withont the problem of mojor variations in
soil. When Lhese trees begin 1o compete with ¢ach other, the measurements are lerminatod
and the best trees can be lefi as examples or sced sources,  The information on height
growth and survival in (be carly years is important to investors and managers. It is this very
campact experiment that has allowed (he progran to produce specics recommendations for
nmany different ceological conditions within 3 or 4 years, sclecling {rom aver #) spocies.

[
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Figure 20 Experimental design for iniiial growth triails.
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2. While initial growth trials gave only informatiar on carly growth, yield plots (Y.P.) are
designed Lo compare two to cight species in small parcels of 81 trecs of cach species in
randomized complete blocks with four replications (Figure 213, The 25 central trees arc
measured for height, diamcter, and survival, The relative productivity of the planlations can
be estimated at various ages; the mast valuable volume comparisons will be at harves( age,
normally seven to ten years after planting. The fact that a fow specics died in yield plots in
the fiest year clearly and rather incxpensively demonstrated (he unsuitabitity of the species
for the site in some cases or the need for better site protection and management in ather
4S50S,
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3. Sparing trials help to determine which distance between (rees produces the greatest net
ceonomic retaen al harvest time. This is a question of greal theoretical debate; answers are
a lunction of the costs of plantation establishment and the markets lor small malerials, as
well as some binlogical characteristics of individual tree species.

The researck program wsed both the compact Nelder wheel design (Figure 22) and the
larger blocks of trees at four dificrent spacings (Figure 233, The Nelder design allows an
evaluation of spacing on 4 very small area. Tis validity depends on careful alignment and
maintenanec of the irees in the plot. It uses as few as 108 trees, 96 of which are measured.
The measurements are most nseful as the trees approach harvest age or as they stagnale in
prowth duc Lo crowding,
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Figure 22, Nelder wheel spacing study design.
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On the other hand, the blocks uscd in square or recrangular design are compact, bul require
many more lrecs per {risl aod wuch more tand (han the Nelder wheel, The design shown
uses 1,372 trees for lowr spacing treatments and foor replications. 'This fits onto an area of
about 6,200 m~. The blocks of closely-spaced noum (dzadirachta indica) in 18A-Rio have
already shown some remarkabls swmecological effeets that are scientifically inlerestmg,  OF
greatest interest is the long range productivity of different spacings and (o find 1T the high
costs of close spucing are compensated by ruduced tending cosis and inereased yicld and
incomne. The valuc of these spacing plols will increase greatly over the next three years, if
they arc measured cach year.

Pilot plantations is 4 category in which many different silvicultural and economic studics
were conducted on diflerent sized parcels. The program has conducted experiments with
herbicides, fertilizers, and irrigation, made cost comparisons of site preparation and planting
methods, tested baclerial rool inoculation, tried differenl species combinations, water
conscrvalion measures gud pruning.  Most of these experiments used randomized block
design with four replications. As the plantations mature, ather trials should be implemented
on thinning, harvesting and regeneration methods, The program has benefited from pilot
plantations estabilished by several privide investors.

The general characternistics of the: Tour types of experiments are summarized in Table 14,

fy
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Table 14, Plantalion experiment ditensions and characteristics.

Tvpe of ATen
Experiment Replication Meazurements Required
Initial Growth 16, 24, 32 Every 3-6 months < 1000 p?
Final atr ? vears
Yield Plots & Evary wyear FBL-2025 ot
Major av 7, 13, per specles
19 years
Spacing
Blaocks i Every year afrer 3; £000 anSpp.
Nelder 12 Final at 7-10 yrs. < 300 m?
Pilot 4 Variablc by Variahle
Plantations BXpREiment

Species Selegtion Experiments and Genera® Results
This sectinn provides a geneeal overvicw of the initlal growth trials {1.G.) and part of the yield plot
experiments {Y.P.). Alfter deseribing the Tocations and distribution of species, the general resulls are

presented,

Locations and Conditfons

Tabte 15 dists 23 locations where the cxperiments were instalbed. These locations are indicated on
the map in Figure 24. The range of ecological conditions s from a droughty arca sonth of Azua, where
virtwilly ne rain felt for 9 or 10 months after the experiment was installed to three sites with about 2000
mm of rain per year. Soils were limiting Tactors (o the snceess of several species that were planted. T
El Valle, an acid soil was shown o be onsuitable for Lewcaena lewcocephale and Cassiv siamen, Lack
of festility was a limiting lactor to the other species except when commercial feridizer was added. Yery
shallow soils 2l La Celesting and Los Montones Arriba apparently limited planl growth severely; at the
latter site, the owmer said nothing had grown on the site for 80 years or more. Altitudes ested ranged
lrean near sea level to WK m. Only a snwll portion of the coantry liss above X m and most of this is
covered with pine forest.  Most of (he fuclwood plantations close 1o small or large cities will be at
aliitades of sca level to 500 m, although there & an urgent need 1o reforest seversly denuded
watersheds in the mountains at ¢levations of 3N0-1000 m.  Pine is probably the best alternative for
reforesting burned or cutover arcas at bigher elevitions,

O the 23 locarions, Mu and 134 (Santiago) conuiin the inost experiments, Toclding the HUCsery
trials, agroforestry tests and short-term field experiments, these two sites were home for over hall of
the rescarch cffort ol the program. For future Totlowup on yicld plots and pilot plantations, these two
sites plus Cementos Nucionales at San Pedro de Macoris are the major locations of continuing
exporiments,
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Tablz 15, Locations of cxperimental plantaticns,

Soil ¥inns of Experiments
Locak Lun Praovlnee Naintall Ligita Altitude Init Gr. Yiald Spe g Flant™n
[uwra) - {m}
EL Talle-Fvt Hato Majar 2daa pH 4.5 [1a] O oapp 5 spp 4 app 5 app
lnfurtile
pad sk &0 cm
Honte Plata-Pvt M. Flakg 1500 pfl 5.4 T & app - - 4 app
Lz Gudrumi-frve Santiago 1700 pH 5.6 700 & app - - -
uisn 1low
croiled
Lo Monbopfea—Byt  Sapktiaze t200 pH 06,1, vapy Tan {2} 15 — - -
shallow, rooky app
lofartila
Jinloca-Fve Dantiapo 14301 pH 7.9, rosky Yo & app - - —_
La Celoutina il inga 1250 wory shallow, 550 18 app & mpp - —
eralfed, rocky
nfer®l Le
La Cejlea-Fet dantiago 1200 a1} app - —_ Y app FL
maera, Juanitla Nl kagracia 13100 a1 % app - - -_—
Mac Ya!yerdo Thi pl &.3, dry 100 (3 4 W spp 4 app 10 app
oompant SRR
151 Santiama 950 pll 7.0-7.7 Fif {2) 22 4 app 3 app 8 app
doop clay, app
Aurfaco rook
ary
¥illa Nae 2antiaga RED) pH 1.3, dry 2003 - 5 opp e 2 spp
{Gdzaan] Pyt
Jacagua-Frt Santlape 1000 hoavy olay 221 it app Y =mpp - - FL
Menzidn-Fes %o Radrpz 1150 shallow []uls] 10 spp - - -_— FL
coampant
5. Pearn as SR 1400 rocky 4 12 app & app -— 2 app
Hacorla-Byt
Huflnz-T vt F. Flaka 1003 pll ¥.p 25 T app _— - e
Mapaglar=Prk . Platp 2000 620 il app e - -
Prayia Gramls=Pyb M1 Sanchoz 200 ctapact 20 T anp - - 2 arp FL
La Yegio LEA L Wega 1600 eroten 20d0 11 app — -_— b opp FL
cagpaat
Jaraltacoa EXF [a Vega 1R00 aczid 5h4d 12 app A mpp - -
Fac, Aprfancémica— La Yega 1400 - 1206 —_— - - 1 app
Pyk
A7 L fsna fi54 dry 0-20 (2} 10 - — —— FIr
SRR
CIMPA-taenretie Santiaga L0 Ary, erodad 160 T app — - - FD
Galtranata 5, Aauargz 13003 conpant, 150 —-— 5 =pp - - FL
inlrercile

F = "lantatlon Failed befors Ilagl reaebibs, due be drought (B3 or lkvestack (L),
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Experiments were estublished in 11 posvinces. 1o nany of (hese, the trials have terminated. In
most, the toees remain as o referenee and seed souece for neighbors or owners 1o expand their forest
arca, Inoaddition te the expedmennal arcas, the program stimulated or assisted tree plantimg by
prowiding advice, seedlings, seeds, v demonstrition plantings in 1bout 15 otber locatinns,

Dhospite the success of e program's collabaration with mamy Lindewners, vight of the laratinas
are indicatud as hoving Laled helore the twa-year nitial grosth (cieis were comptete. These are cuses
ol draught in Azua and CIMPA where the (rees were never wel? established. On thie other six sites,
eailile, pous vr hoeses daenuged st of the frees, invalidating ihe CEpeTIDENLE,

Table 16 st 42 specdes thin were esdadied in one ar neore experiments, Actoally, several other
spueied wore teied bet were last bedore meaningful results coukd be derived. Fourteen of the species
usct are Isded as native or oalursiizew, Others that bave long been in the country and appar as
creapes ar perhigs aaturalizod are Tamenindus didive, Melia azedurach, Glircidia Sepivint, and Affnizig
delrlaek,

[ calditten g the plantings Bsied, the rescarch program henefitted from several dependent
prvale plantakivons, naeil nolebly twa 199534 plantings. of Lencoena foicocephale near Pucnio Plata
ated the S hectare planviog i W84 of Euealvpias eitradora in Sanlinge, AR theee of these had yietded a
sulstantial nel profic w ile ownees By the sprice of 1985, aceording 1o persomal intervicws and
published oewspaner aceonnts. Older experimental plentations st Faloonhridee Haminicans, Aleoa, and
furmer (ol = Western propertics wlse were visited and meseurcd by membeys of the research and
infvisory teans cidy in Lhe progeam, moviding a bass fin species seleetion and arowth projections.

The eyesery aud plaotaiion experiznee of FOBEETA, the federal forestry ageney, Man Sicra; and
the privite corporalion, “Los Arbalitas”, wlse provided useitl backoreund Tor deierntining research
needs and spersting praciices used inthe program.

Cenvral Hesults

Ihe program researchers do nat sugeest tie culting of existing nutive forcst (o put in prantations.
Results ol this progeam oller o indication that 1 would be wise to deforest in order to reforest.
Wherever there i native Torest, it should he maintained and/for maasped so tha it will continue to
regenerite the natural min and vigor of species. To expand the nation's forest base ald felds, pastares,
hire suls wnd ubber unforested Tinds shoald he planted with fast-growing species,

Fer each of the inidal growth ials, height and suevival were measured two to three tfimes in the
frst year wml twice in the second year, 1o the yield plots, heights, diameters and survival were
measured onee per year for the general infonmition they offer, but the yicld fpores will anly be
meaningful at aboul age 5 and oo to harvest,

The speeilic results of cach frial were reported in "Notas Téenicas” published and distribuled by
the Institutv Supericr de Apricuitury, or in “Inforimes loternos” kept in Program Mes at 1SA. Tabie 17
contuins heights at 2 yeurs of seversl species, showing the wide variation in productivity of difforent
5t

Examples of results from initiat growth and yicld plots in Mae are summarized in Taldes 18, 19,
and 20, The valees shown in these ables, especially in Table 20, indicate the vasiation in perfurmance
of the sume species on different sites, cven within the same properly.

The information in these trials leads 1o the conclusions that three specics should not e planted in
Mao, due 1o high worlality:  Eucalwpoes wrophylle,  Casuaring equisetifolia and Casuaring
cinainphamignga.  TUwo others did nod grew fost enough o e Interesting:  Tamarnedis indice and
Fitheceliobiion seman.  The best specics of the test group on this site will probubly be Lewcacna



Table 16, Lists of species established in experimentat plantations.
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Table 17, Heights of selected species in Initial Growth Trials at age 2 years,

Monte GCuazuma + La

Species Mao Plata ISA-1 Hontones Celestina
Cas=ia siamea 5.52 m 3.8 m 1.93 m 0.92 m .60
Fucalyptus

camaldulensis 3.1 -- 1.89% 2.10 1.39
Leucaena

leucocephala 4 ,B1 4.4 2.52% 2.03 0.27%
Calliandra

calothyrsus -- -- {3 3.73 1.11
Cazsuarina

equisetifolia 3,32 (%0 .3 ] 1.41 0,47
fzadivachta

indica 3,71 -- 1.95 .61 0,32
Prosopis

Juliflora 2.02 - 0. 42% (X -
Eucalyptus

rabusta - - 4.5 -- 1.05 0.94

*Damaped trees; some were resprouls,
(X} = all trecs died.

Table 18, Averape heights {m) of live trees in six experiments in Mao.

Experiment and Age (years)
Species Ig-1  I6-2 IG-3 YP-1 ¥YPE-2 YP-3
(2.4 (23 (1.5} £2.47 (2 £1.5)

Leucaena leuwcocephala K-8 .68 4.81 2.40 5,74 4,48 2.11
Cucalyptus cawaldulensis 5.55  5.10 2.14 5.00 -- .-
Cas=ig =iamca 5.23 5.32 2,72 4,90  4.35 3.02
Azadivachta indica #.33  3.71 1.7& vz 317 2,28
Eucalyptus sideroxylon -- 3.06  1.58 -- -- --
Parkinsonia aculeata -- 2,66 -- - -- .-
Cassia emarginata 2,79  2.18  0.B4 2,86 2,18 1.31
Frosopis juliflora 2.74 2.02 0,89 1.64 1.a6 wa
Acacia sclersxyla 2.458 2,22 - .44 “n --
Haematoxylon campechizaum -- -- 1.75 -- - 1.45
Eucalyptus urophylla® H.79 .- -- -- -- -
Casuarina eyuisetifolia* 3.39 .32 1.33 0 G O
Casuarina cunninghamiana# -- 2.17 1.29 - o o
Pitheceliobium saman -- 1.97 -- - -- .-
Tamarindus Indica z2.01 -- - -- -- --

*¥Srarrved species suffered movtality of 50% or more, so are not
considered as useful on this site.

IG = Initial growth trials, planted May 1984, September 1984, May 1945,

YP = Yield plots.
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Table 19, Average heights, diameters and percent survival in 3 year old yield
plols in Mao and Santiago.*

Species Helght Dbh Survival
m cm L
Map
Leucaena lcucocephala 6,20 6.0 99
Eucalyptus camaldulensis 5. 14 b4 62
Cassia siamea h.B6& N/sa 80
Aradirachta indica 4 B4 3.9 98
Cassia emarginata 2.78 2.3 20
Acacia seleroxyla 2.23 N/a 48
Progzopls juliflora 1.62 N/A g9
Casuarina equisetifolia Dead Dead 0
154-1, Sentiago

Leucaena leucocephala 6.7Y 6.32 96
Azadivachta indica 4.97 5.07 a7
fassia siamea 4,22 3.86 Bl

*Mao trees were planted May 1984 and measured May 1987
I3A trees were planted September 1984 measured
Januwary 1988, {fassis emarginata was also planced in
the ISA cxperiment, but suffered almest rotal mortality
In the first year.

Table 20 Heiphits of younyg trees in Mao yicld plots.

Species and Yield Plat Ne. Ht. {m} Survival (%)

Yield Flot 4 - 14 mo. ald

Cassis siamea 0.21 80
Caesalpinia velucina 0.31 99
Leucaen. leucocephala K-8 0.84 495
Yield Plot 5 - 13 mo. old

Eucalyptus camaldulensis {Gihb R.) 1.44 83
Leucuena leucocephala 1.33 98

Yield Plet & - 13 mo. old
Eucalyptus camaldulensis (Gibb R,) 1.24 89

Yield Plot 7 - 13 mo. old
Eucalyptus camaldulensis {CAF)
Caszia siamea

07 a9
.5 93

- ]
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leicocephata, Encalyptus camaldilensis, Cassia siamea and Azadirachia indica. The remaining species
deserve continued observation, especially the native species that may catch or surpass the exotic species

by harvest time.

Promising Specics

The imitial growth trials and observations of yield plots and pilot plantations produced a tentative
ranking ol tree species in i ms of prefercnce for Melwood plantings. The early results indicate that a
"basic portfolio” of six specic: allows choice for planting in most of the sites of the country, The key
specics that offer basic surcty f sue-gss are:

SPECIES

Evcalypins canralihlensis

Lewcaena foucocephala
K-H, K-28, K-132

{assia siarmea

Azadirachia indica
Eucalyptuy robusta

Calliandra calothyrsis

RECOMMENDED SITE CONDITIONS

Semi-arid to medium rainlall; basic or nentral soils; any altitude
in the Dominican Republic.

Arid to medium rainfall; basic to ncutral soils (noy acid); low
altitude.

Semi-arid (o semi-humid rainfall; deep basic or neutral soils:
low altitude.

Arid to mediom rainfall; basic or neutral soils; low altitudes.
High rainfall; wet to well-drained acid soils; any altitude,

Muedium (o high rainfall (above 1000 m); neutral or acid soil;
any altilude.

The lollowing species show sirong promise, although there is still relatively Liile rescarch data on
their performance under conditions in the Dominican Republic. Further observations and plantations
are suggested belore 15A can make specilic recommendalions,

SPECIES

Encalbypius citodorg

Eucalyptus grandis

Eucalypius wropfivifa

Acacia manginm
Acacia andculiformis

Acrocarpus fravinifofins

RECOMMENDED SITE CONDITIONS

Deep soils, pH 5.8 - 7.0; very well-drained, rich soil; rainfall
above 100 mm,

Medium, moist soils, slightly acid; rainfall above 1200 mm.

Rainfall above 1500 mm, deep acid soils; some tolerance of
slow drainape.

Humid arcy, acid seils, good drainage, low altitudes.
Fumid, acid scil, low altitudes,

Semi-humid, newtral soil, well-drained,
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There are several "maybe species,” their recommendation pending vield measurements or more
information that should be fortheoming rom these cxperiments. Some of these are special cases that
hars grown poorly on marginal sedls or off-site bat have done well in other Jocations,

sPTLIES RECOMMENDED SITE CONDITTONS
Evtcalyotus torelfiana Meutral, well-drained soil; ain + 1K,
Encalypies tereticomis Basic-ncutral, well drained soil; rain 830-1506 mm.
Ommefing arborea Thns large tree with light-weight wood is very specilic aboul

ils sile requirements. 10 grows rapidly on deep, well-drained
acid soils in humid arcas.

Glidcidia sepivm This will e used mostly for living fence in arcas with
120+ mm of rain. Has potential for plantatons, bul nct in
Santiago, where cuttiogs all Lailed unless rnpgated.

Leucasna diversifolis Performs like L. fencocephain, but was tested for browsing
and forage citting. No data on wood production,

Castiarina oepeisetifofu Superb firewond/charcoal; grows moderately well most
places, bul death in Mao raises doubis for dry areas,
[noculate roals with Frankia spp.

Casuaring cunninghamigng The few trials indicate good carly growth where + 900 mm
rain. Tooculate roois with Frankia spp.

In agroforestry and silvi-pastoral trisls the following species cai be tried:  Lewcaena levcocephiala,
Lewcarna diversifolie, Calliandra calothyesus, Glirfcidia sepfum and probably Guazima wimifolia, Only
leucuena seems to do well un marginal or dry sites in plantations.

There are sume species that are not recommended at the present time for commercial plantations
because of (he high risk of failure or the very imited expericnce and information available, Some of
these arc natives that can probably In: managed more economically from natoral repencration,

SPLUIES COMMENTS

Encalypties glirtntfus Performed weakly on thin moutain svils.

Eutcolvidus sideroxyion May work in very dry arcas; poor form.

Stnpgronba plaica This popular locat specics grew poorly in 1SA-Rio and
Jucagua, apparently requiring more moisture, less
competition,

Tamarindis indica Very slow initial growth,

Prosopis fuiiffora O dry sites, manage its spontancous regencration. Died

in mounlains.



Calophyitum calaba Mara needs better soils than it had. Tt is tough, but slow-
growing tn (hese trials,

Cuanime wimifolia Untried here for plantations; study for wood and lorage.

Fithecellobiut saman This tree regencrules spontancously in old fields and grows

capidly, It failed in plantations. Ability 1o grow siraight
in forest is questionable.

Analysis of Lend Species Performance

Among the mor: than 40 species Lried, six are recommended for commercial scale planting, hased
upor therr performance in the experiments, 'With these six speeies, excellent growth can be expected
on a varicty of deep to moderately deep soils. By carcfully matching species 1o site, they provide a
choice that will produce high yields, when managed properly, on all but the most arid or shallow soils
of the country, Species sclection, plantation establishiment and management should be done with the
difeet ficld supervision of a professional forester with training and cxperience in the traples.,

It is expecied that the highest yields and ineame will be achieved on the most Fwvorable sites. On
sites inapprapriate for these specics, eacl is capable of failing. The research program provided some
vivid cxamples of such lailures, in parl to demonstrate the limitations of the species. Examples arc
fisted below, along with the diagnoses of the probable reason for failure (Table 21).

Table 21, Cases of failure among the sclectod species.

Species Location Diagnosis
Eucalyptus robusta La Celestina Shallow, dry soil
Fucalyptus camslduylensis Mao-1I Planred at start aof

summer drought
Calllandra calpthyrsus ISA-Rio Rocky, shallew soil,
3-4 month drought
{resproutad)
Azadirachta indica Los Montones Shallew so0il, high
La Celestina alticude
Leucapaa luecocephala El Valle Acid szell
Los Montones Altitude, shallew
La Celestina s0il, cattle
Cassia slamea El Valle Acid seil
Los Montones Shallow soil, few

nutrients
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All six of the recommended speeies are exatics, if the giant Bl Salvador cultivars of the nalive
Leacavnd detcocepfala are included as exotics. This does not mean that native species will not grow
rapidly in plantations, It simply inplies that @) their comparative peclormance on the usually poor sites
wied was less than several of the exaties and 2) there is a need Lo study their potential site requirements
more tharoughly and to matek their best genetic potential to the best sites. 1t should alsa be noted th
the mative species tesled were nol selected just for tapid growth, but also for value of the trees aod their
products.

Likewise, thie recommendation of the siv specics should ool be considered as a disqualification of
other exotic species. Several athers showed excellent promise, but had aol been siudied for ling
ciwough ta predicn their success with confidence,  Other untried species should be introduced in initial
growlh frials throughout the country, A summary of some of the characteristics of the selected specics
is preseoted i Table 220 All of these species are multiple purpose, filling 2 varicly of rustic and
processed produet needs. Incanatinn thit imports its wood, they are finding new uses.

Taisle 22, Characteristies of the six recommended species foe plankitions,

Atgrihute Species inicvials
Al Co s Ec Er Ll
Nu. secds/ kg 4000 20,000 34,000 220,000 110,000 18,000
Makure height (uw) 10-15 12 20 26 =40 25-30 20
Yacure diam. (em) J0-EQ 20 30 60-100 100-120 204
Wood Sp. pr.-g {em’) 0.7 0.55 0.7 0.6 0.75 Q.65
Wood Keal/k: 47810 4490 high 4800 -- 44475
Other uscs Constr Forapge Posts Constr GConstr Posts
Posts  Erosion Ties Fosts  Pulp Forage
Fuarn control Tics Posts Consatr
Resprouts Yes Yes Yes Yas Yes Yes
Recommend in DR:
Spil pH 6.0~ & 5w &.0- 6.0-8 4,5-7 6.5
B0 7.5 8.0 8.0
Soil depth deep any med - deep wek- any
deep deep
Rainlall {mm) 700- +1000 BROO. F00- +1200 700-
1500 2500 1200 1200
Altitude {m) 0-500 0-2000 0-700 C-1500 O0-1:200 0-500

Source: CATIE (1986) except £. robusta and recommendations, which are
hased on recent experience in the Dominican Republic; furure
experience may alter the limits., Al = Azadirachra indica,

Co = falliandra calothyrsus, Os = Cassia siamea, Fo =
Fucalyprus camaldulensis, Er - Eucalyptus robusta, L1 -
Leucaens leucocephala,
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Alzadiracita indica AL Juss

Common npme: Neom, oim, neely, nimba

Family: Muliaccac

Synonyms: Melta azodirechia Ly Mefiu frifice (A, Juss) Bramdis, There has been some
confusion o the lderatyre of this specics with chinaborry or
viodleta (Afelfa azvdarach ), although they are distinet.

Distributicm and Charocteristics

This species is native 1o Bunni and southeast Asia and possibly in India, where it has been
cubtivated for centurics, Sturling about 100 years ago, it was planted as an ornamental sod plantation
tree in large areas of Africs and in Trimdod and Tobago (Pliske, 1984),

Apparentlly. 1he Huitian Department of Highways intraduced the speewss to the island of
ispunioly within the prst few deeades. The Pan American Gevelop—ent Foundation foresters
indicate that most of the roadside and plantation trees have as their origin 6orees planted st one of the
warkshaps of the bighway apency.  Ower the past 10 years, stromp interest in Lhe species for
reforestation in Haiti has produced soiae impressive young trial plantations with sced from these trees,

This s oovery attractive, dark grecn irce thal wseally extibits o single, straight stem when grown in
a plimiadion, In India and southeast Asla, 11 s often seen as o spreading shade lree, [0 has been a
suceessful, attractive and resistant highway (ree 1o Haiti, where # has also been planted on a variety of
arid, even saby soils, 1 s stil] considercd experimental in Flati, sinoe commercial plintations are just
arriving at merchantable cize. 1w introduced to the Dominican Republic by this program {os
plandation use, simpbianeously with introduction ol a few trees By the Universidad Nacional Pedro
Henriguer Urens, on the southern coast.

The neem tree may ve for more than 200 years (Ahmed et al, 1984% 1 Begins to produce froit
e ats maturalb habitul at 5 yenrs of ape, allthough in the Dominican Repuhlic, it egun to produce vishle
secds in the second year, Afler its tenth year, 30-50 kg of froit per iree are produced. Six ki of vif and
24 by ol nutrient rich "neem cake” can be made from 30 kg of fruits, using o simple press (Ahmed el al,
19543,

Llses

There are few iree species with as many practical uses as ncem. The list below was compiled
from Asian colleagues, observations, and dispersed literature sources,

Lo Orpanic pestivide:  inseeticide, inseet repellant, temporary and reversible sterilizer of male
inseets, inkibitor of insect feeding, oomatiode, funpicids, baclericide,

2. Oil: light lubricant, soap ingredicnd, dental paste ingredicnt.
3. Fertilizer: cake form or direct incorporation of leaves and froits inte soil,

4. Foad lor livestock in Indin, althooagh leaves apparent!y not appetizing for Dominican sheep
anel catile,

5 Fuel firgwomnd, charcoal,
. Posis, poles, cle

7. Bawn or vencer wood: somewhal resembles mahogany,



2. Tannin.
. Medicines,

The lree has reeeived considerable recent atwntion, particuarly from German chemists, for the
production of Liological pesticides and other uses.  The presenee of the hormone azadirachtin and
three alhers in the leaves and fruits permit the utilization of extracts for various pesticides (Rembold ¢t
al., 1984},

Some of these biological vatues hive been knawn for a long time, especially among Hindus, and
reem has been osed as medicings for centuries (Pliske, 19843, The dry leaves of neem are Pl o grain
sacks by Asiga and Alrican Farmers o reduce damages from insects during storape (Ahmed ¢ al.,
1984},

LErvirommental Reguirements

Awdirechia indica does ool grow viporously when it is planted ot high ¢levations.  In the
Philippines, trees plinted above 1,500 feet {almost 500 m) did not grow well (Baluyut, 1984}, The sall
should be neutral or basie, above pH 6.2 (CATIE, 1986). 1 India, texture varics from sandy 1o cluy,
achieving gaod production in wetl-riined soils (Singh, 1982). The species is capable of prowing in
stany areis of liltle depth. In Haiii, it bas prospered in dry, apparently salty soils where ather RpEics
dild not grow. Tl tree seems 1o do best an semi-arid or slightly moist sites (perhaps 360-1200 mm of
rainfally on neotral o alkaline, deep seils and at low elevations,

Sibviculture snd Managomenl

The propagation and munagenwent of neem in plantations presents various possibilities and
prablems. The firsst problem in the Dominiean Republic has been the laek of seeds.  Rapid
importition from Hait and other countrics his been necessary to allow permination within one or 1w
weeks aller seed collection. Storage of seeds cesulls in very fow ar no germination. This happened in
the Thilippines, after importing a ton of seeds from Burma {Ahmed et al, 1984). Also, in the
Dominican Republic, seeds sent from Burma vis Washinplon, D.C. shawed no viability after a one or
twor month trip. On the other hand, seeds collerted in Haiti and taken direetly to the nursery in the
Dominican Republie resulted in excellent permination (50-8) percent) when the process was initiated
2-5 days alier collection.

Chancy and Knudson (1988) reported (hat the mechanism inhibiting permination after drying
appears o be the physical barrier of the endocarp. Fagosnee (1984) experimented with various
nicthods of affecting germination. He concluded that it is nol neeessary (o use chemicals o stimulate
germination, although gibberellic acid produced resulls equal 1o a waler soaking. He demonstrated
that the germination rate Tulis when Lhe fruit s Teft intact.  Sceds soaked in water Tor & days gave the
hest results with 8895 permination.  Nevertheless, the remaval of the endocarp acceleraled
germination, reducing ils time W hall of that of the other treatments.,

Establishment

1t is reported that direct seeding is possible when the land is plowal, placing sceds in small IrOups
{Singh, 19R2). The abundant regencration that cecurs under stands in Haitl and the Dominican
Republic sugpests that this method should be studied further. Weed control will have te be thorough
during the early praowth period and cach sceded spot will have o I clearly marked 10 prevent damage
ta the emerging secdlings,
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Crowth and Yield

In Central America, CATIE (39586) repanted results of seven trials, oblaining a range of survival
between 53 and 98 pereent. Annual increments were one meter of height per year or less o five
tocatians within 1he tropical dry forest, at ages varving from 2010 110 manths, Tn a more humid zone,
one Honduran planlation reached 4 awters in 20 months (2.4 w/y) and 2 Nicaraguan srid zone
plantgdion was 7.3 w al 28 months (3.1 m/fyr), with a dbh of 7.7 cni. “Fhese results and those of the
Doemimenn progran indicate thar, althouph the tree is beantifod and vigorous on many sites, i1 will not
achieve miracles of prodectinty inoal! places,

The trev resprouts well and scems (o naturally prune itself. However, observations in Indonests
nck repants from India indicate thae the tree can be heavily branched and of spreading, somewhat
twisting form. Evin a few of the trees io Dominican plantations manifested o propensity to wuitiple
stems. “UChis may become o major problem in coppiced stands. The tendency toward strang apica!
deminance by o central stem muy be penctically variable, which sugpests that trec improvemenl
rescarch could be cost effeciive.

Experienuee in e Dominican Republic

Sveds fram Flaitian trees were introduced into experimentsl plantations of the Wood Fugl
Develapment Progrium in Santiugo and Ma, starting in 1984 {Figure 25). As for as is known, these are
Ihe Tiest sizeabde plaatitions in the country of this species. The plantations of Haitian origin comprise
atmast all of the slands oo ISA properly. Beeause these trecs may be of rather Rarrow gendic base,
possibly all originating from e Asian or African (ree, seods from India, exact provenance unkneown,
have Leca planted aloag the wvenne near the entrance w 154 in L Herradora,  Santiapo
(I8A-Avenidu). This stand was ociginally purcly from Inding sonrees, but replacement trees were
added from the Haitian sced source.  Individual rees from Haitian seeds were also planted in the
experimental nursery of the Universadad MNacional Pedro Henrguer Urciia, west of Haina, on he
somddiern oonst.

Trees planted in ISA-Rio in Decanber 1984, and January 1985, had produced viable seeds by the
sutnmer of 1980, Abundant natural regeneration appearcd beneath stands of these trees starting io
late 1986, Wildlings were sececssfully (50%0) removed from the plantations and placed in plastic bags
in the norsecy. They weee planted out about three months fater, with suceessful establishment of about
HLMKD seedlings rom Diominican-grown trees. 10 appears that the 1SA planiings cin now provide
adeguate seed for Large plantations withoat the costs of international traosportation and (he polential
delays af importing seeds theough the rporous customs procedures,

Accarding o Dominican experience with Tresh sced imperted from Hait, germination in moist
newspaper wis 95 perenl, These pecmiated scedlings were then transferred (0 soil in small
polyethylene bups and motrainers where they developed for ahout 4 months before plaming out,
Ruynaso (1987) repoeted 855 survival of the newspaper perminants in the nursery. Two lots of seeds
aperted from fndia bad oo date of barvest, but apparently one ot had speat ahout a montk in transit
und nome germirated. The seevnd ol was shipped directly (o (he Dominican Republic without delays
and may have heen only -4 weeks old; germinaion was 27 percent,

In bl the experimeats of the rescareh program, the seedlings were produced in containers, ¢ither
plastic bags ¢+ by (& inghes) or in Rootrainees with soil, They were planted out with the reot and soil
wtact ducing the cainy season,

MNeeny bas been suceessfully planted in the Dominicun Republic i dry and semi-arid areas
including Miwy, Santiago {ISA-1, I5A-Rio, Barrio Lindo, 1ISA-Avenida, TSA-Nuranjo, Jucagua), and San
Pedro de Mavcoris. It was the only species to prosper in Mao-11L surviving relatively well through o very
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Figure 25, Plamtations of Azadirachty indica:
JA vears o Mao fabove).

3 ywears ai 15:1-Rin,
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dry first year. It has nol proven practical in the thin soils and moderate rainfall of La Celestina, La
Gudzuma, Los Montones, all above 500 m altitude. It is still under study in Jfinico, Bani, and Puerta
Plata,

Plantation experiments have shown diverse results. Al the age of two years, the species showed
pood prowth in Mao, Santiago, Mufloz in Pucrto Plata and Cementos Nacionales near San Pedro de
Macorfs, On these sites, noem reached average heights of two o four mcters. Dovelopment was less
promising in Janico, La Cejita, La Celestina, Los Monlones and Manaclar in Puerto Pluta, Al of these
sules @t at 400 to 700 @i clevation with varying soil depths,

At Tacagua, near Santiago, the experiments installed were weeded only twice, The effeots of
weoeds and horses that were admitied in the seeend year climinated virtually all of the 10 species except
neom, cucalypls and Cassie siemes.  Despite severe weed and ving competition plus trampling,
approximately one hall of the planted neemt reached 2 (o 4 min height after three years.

Witlnn the IS4 canpus, at 200 m elevalion, the species varies greatly in ils carly growth rne in
resnense 1o physical soil conditians,  1ts worst performance is on compact, arid subsail thal was a
degraded pasture, where it persisted but prew very slowly during the Girst two years, In the thied year,
trees on L less ereded or compact spots on this site bepan to gain rapidly in heipht prowth, By
contrusl, The Best development has been in [8A-Ruo, with deep, sandy soil, where average height at the
end of twi viars was 36 moand dbh was 3846 cm,

In Mua, on deep, plowed, clay loam sails, neem was associaled with Lencaena dewcocephala and
res-bed a beight of 2.0 m and dbly of 1.2 e by ape 21 months, This site teecives an @verage of 200 mm
less ruinfall than 15A-Ria, AL age 4.5 (Ffune 1988), the necem and leucaena aad grown o about the
same height (2-% m depending on sail) und had begun erown closare,

The 4-replication spacing cxperiment, localed on sundy, deep, Tairly uniform soils, showed several
phases in development thal may be helpful in understanding the dynamies of other ncem plantations.
Cruring the first year, scedlings grew alone and faicly uniformly, repardless of spacing. In the second
vear, Lhe closcly spaced trecs (1.5 5 1.5 m) began te achicve erowm closure, peadually climinating the
eompeting geound vepetation.  As crowt closure became more evident, these trees increcased more
rapidly in height than the more widely spaced plots. As the 2 % 2 m plots closed, beginning at the ¢nd
of the second year, they too seemed (o accelerate in height growth, virtwally catchiog up with the 1.5 x
1.5 m group, Apparcstly this has centinued with the 2.5 x 2.5 m plats (Table 23) and may continue with
the 3% 3 m plots, in Lheir fourth wear,

Table 23, Fleights of Aradirachta indica in 3-voar-old spacing trials at 15A-Rio.

Spacing Ave, Ht, (m) Dk (om) Survival (%)
L.5 =2 1.5 f_R3 6.81 83
2.0 = 2.0 6.50 7.08 20
2.5 = 2.5 6.97 g8.15 o2

3.0x 3.0 .81 7.1 69
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£t also will bu interesting to waleh the development of the volume growth in these sands,  This
will help determine whether neem will tend to stagnate when growing very close topether or whether
some of Lthe rees will dominate wed ovt-compete the slightly less vigorous tadividuals, At age 3, theee
wits 10 clear pattern exeept perhape tnaverage diameler, The low suevival figure for 3 53 m plots is
sumuwhal misleiding beeawse half of the dend trees were concentrated in one of the four replications.

Pests annd Problems

Un Mao aml occasomally in Sanlingo there were seattered attacks ol the stem borer, Apate
mangcha. This also attacked stems of Melio arederach planted in Saotiago. The hlack adult beetle
perfurates the stem of the young teees, Toroming pallerics that are nearly straipht and sscending. The
holes are abouwt X0 co fong and 2 mun wide, The attacked plants seercte an amber eolored Totex that
hardens with tme, Depending wpon the size aned the physiological vigor of the tree, they may have
fram ome Lo ten gadleries; most observations were of single or double gallerics, Some of the smaller
trees become weakened and are broken off or bent over by stroog winds, [ scems that the ioseel is
it actove in Lhe carly manths of the year, which correspunds with the greatest decught stress in most
years, Heyooso { 1967} observed that pouned toees may be maore suseeptible o anack than anprencd
anes. Altemgts at comirol Boave been o "eork” the entey hole with papor or candle way and 1o remp
any infested trees Wil hive broken vver, The elivetiveness of those messures bas oot been tesied,

The Torm of the roat eolliae area has Teen obseoved to be quite variadile, Some toees forn a loop
o the rant or bower sten eght al pround level, Apparcntly, this oconrs in the oursery. One hypathesis
s that it s refiedd o the position of the secd when placing it inle the container medinm. The probiem
wilhy this hypotliesis s that the same ceeurs even when pre-germinated seeds, with the hypacotyl
eviddent, are placed o the containers praperly. The couse of this deserves Turther stody, since the rees
Decome prome (o tipping over sond may ceeotuitly have G Boem s second primary cool o sbevive.

Cattle, poats anud sheen have beeo inosome ¢ the 18A pliotations of necm, They have niblbed af
neem secdlings, particolacly the new growth, bul have mot done extenstve damape. This obscrvation
has lod some to swyggest that the trees are animal-praol and 1w hope that lvestock s be alowed to run
free o neem plantations. This ignewes the physical damage by trumpbing, which his occurred even with
vnly accasional Trestock wisiis, and the e that keoger exposure o the trees may incrcase their
susceptiility as tavorcd vegelation isappears, The species is wsed as g forape in Indin.  Another
damage by livestock is compaction of soil, which apparently can seriously alfeet the productivity of a
slamed. Study of the techaique and dmage abaement related o livestack geaiog in oeem planiations
deserves reseaceh attention b, in geoeral, e combined wse of the same land s nol reconnmended,
Disciptined herding and maistenanee of stocking manbers of Lvestock wonbd have 1o hecome much
more commen Tor Lds techoigue tr be practical, even i ihe e ex could stand some ariAng,

Performunce in the Donioican Republic fus ondicated that carly growil of ocem is slow wnder
dry condetions or on u “dilficult” sodl. After - 18 months of developing o deep rool systent, i begins
vigoraus erown growth, AR cluse spacings, the erowns way close near the end of the seeond Y,
climinaling most of the proond vopetation. At the wider spacings, such as 3 % 3 m, there is stili
sunshine reaching the Torest Hoor between the trees, allowing the provth of abundant groud
vepetatem, even iftel two or three voars,

Fertilivatm il Ereigilicn

To stimulate cacly mowth of neem plantations, a sequence of experiments with water and
fertilizer wis tried i Santiage, with litke appacent effect,  The sequence of trials was in the order
pres ntedd ekow.

The first alteoypl was to add water st strategic dry times to climinate or redues the effects of drey
soil. Cipidn (19853 applicd water al tow- rainfall dry periods in the Tall and winter months, iwelve times
during six months afier a Scprember planting of neem in 18A-1. The soil was deep, well- drained, witl:
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a pH of 7.3. Naoe of the trees grew muoel in heipht during this period, but roots penctrated to depths
of 0.65 to 100 m. The crovems averaged 037 moin heipht at the end of the trial and there was no
difference lrdween treatment and control,

Following 1his expenment, the same plantstion was lertilized with NPK (15-15-15), [our ounces
per teee, and compared Lo unfertilized contrds, The trees weee cight manths old when the {ectilizer
wis applicd. No response to the fertilizer was apparent; fectilized plots and control plots develuped al
the same rates theough the next twa years,

These twa irials lefl the possitalities (hat fertilizer applied carlice and in greater abnundance might
be cifective and that water applicd in presier guantities might slimulate ecrly growth, A new
planttion in ISA-Bacrio Lindo was instafled by Morrobel and T antigua (1987) ta determine whetber
differcat nutricots applicd at the start would stimulate early growth. “This trial in drowghty, slightly
trasic soils was planted and fertilized in Apeil 1986, No signifizant difference in beights after sis months
was found, There was more variation withio cach treatment than among the different treatments. The
[oue replications, although apparemtly on the same soil and very compact in arrancentent, showed
differzal rankings of average heights among restments. The trees were measured again al yge 19
mamnths {Tabie 24,

Table 24, Respanse of Azadirachto fadica to feetilization alter
W months.

Treatment Height (m)
Control {no fertilizer) 3.3
Iriple super phosphate (8 oz) .2
Ammoniuwm sulphate (8 oz 3.549
P+ b (8 o) 3.68

Souroce: “::flormhn!_ and Lantigua, 1987,

Although these averapes suggest some benefit from aitrogen, the magnitude of the henefit s so smalt
that it is probabiy not worth the cost of adding fertilizer. This expriment vas located within a lager
plantation of neem, much of which succumbed Lo weed competition in the first Tew months.  The
experimental plots were kept clean of weeds and survival was over 95 percent. The surrounding arca
had abow W pereent survival and was eplunted with Leucauna fencocephala, which has prospered wit)
better weed tontrol.

The next trial also Lested whether Large doses of fertifizer would tripger a height growth response,
on the suppoesition thal much of the phosphorus coubd have been tied up Ty the slightly basic soils. n
summary, despite two applications of 8 ounees per Iree, there was noe significunt effect of the fertilizer.
Likewise, when fertilizer was combined with watcring, Uiere was no stimulation of wrowth, Before this
trial, lngated al the eatrance to the 1I8A campos (ISA-Avenida), the soil was feveled out with a grader.
The three replicatons of the experiment weee on three adjacent but different soil conditions. The first
sel of four trealments was on undisturbed, rather brown surface soil, a flat, very deep allindul cutwash.
This wis not considered a productive agricuburat soil, being quite low by nitropen and phosphorus with
a ndency towanl droughtiness in the dry scasons.  For convenience, in this experiment, this is
considered as the "good” soil. The adjucent "medium” soil was similar, except that its surface was
yeliow and slighily compucted, having received some AIE material, The "poor” soil was yellow subsoil,
the top 20-50 cm having been remeved in the leveling process. Weed growth afier the planting was
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dircetly related to the quality of the site, On the poor site, few weeds had grown in two years, while an
the good site, two cleanings had 10 be made and a good stand of 1all weeds exsted in the Spaces
between the trees.

All trees within cach four-ireatment block were reated with & vunces of commercial fertilizer
(13-13-15), mixcd into the surface soil al planting time. One year later, after relatively litde growth,
twao plets in cach replication were fertilized with 8 oz more of NPE. One lertilized and one unlertilized
plot in each replication also were watered daily during twe months of dry weather, in an offort Lo keep
the rool zane well supplicd with moisture at all times.  The other two plots were lell unwatered.
Heights were measured on February 27, 1987, when trees were onc year old and the NPK-waler
treatments were starled; on April 27, 1987, when watering was ceased; and fnaliy on January 27, 1938
{Table 25). The total heights and the growah differcnces showed no appreciable difference among
lredliments,

Table 25. Heights (m) at dillercnt ages of neem with fertilization and irrigation
{15A-Avenida).

Treatment® Ape of secdlings (wonths) Crowth

iZ i4 23 12-23 mo
Control 71 1,12 2,22 1.51
Water .68 i 2,33 1.65
Fertilirer L7l 1.08 247 1.76
Water + Fortilizer T8 1.14 2.40 1.46

*Water and second fertilizer treatments were starked 17
moniths after planting.

However, the three replications Jid show major diffzrences as related to the undisturbed and
disturbed soils. Clearly, neem responds pasitively (o differing soils, growing morc than twice as much
in the first year on the "good" seil as the trees planted on poor soils. The trees maintained their
growth, wlding 2.3 m in the second year, while on the poor soil, the trees added loss than halfl this
growih (Table 28),

Table 26, Neem height (m) as related to differem soils (ISA-Avcnida).

Soil quality spe of gseedlings (months) Crowth
12 14 23 12-23 mo

Poor 45 .63 1,48 1.03

Hedium .62 .96 2.23 1.61

Good 1,05 1.55 3.35 2.30
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It is recogmized that the application of one pound of fertilizer per tree and daily applications of
waier are not normally praclical measures for commercial plantations.  This experiment used thuese
relatively cxireine measures to clearly establish the fact that this species in (hese soils does not appear
to respond to even very acavy treatments of chemicals and water or that they are not factors limiling
the growth of the species. L appears, rather, (hat the physical characteristics or arganic matter in the
5011 may have more influgnce on carly growth; these should be studied further with neem.

Al this stage of experimentation, the interim conclusion is that ncem appears Lo be sensitive (o
physical qualilies of the soil, ut it dovs not respond in the first or second yoar in a sigoificant way to
fertilizer or spol irrigation, al keast in conditions similar to those in Santiago.

Recompmendiinions

1. Prompl germination of recenily picked seed is the most relinble and economical method.
Present information dogs oot allow for long-term storage of large quantities of neem sced.

£t

Plant this specics in neutral ur alkaline seils {pIT 6.0 - 8.5).  Avoid soils thal are poosly
drained ar with high warer tables, compacied or acid,

3. Wthe site has heen heavily pasturcd, plow it beflore planting.

4. Plant at altiudes below 300 m, until Domtinican research can indicate otherwise,

3. When planting in ey sites (less than LD mm/yr), be prepared Lo apply water in eritical
periads. especially during the first year, 10 assure good survival and early development. Do
not expet carly supplumental irnigation Lo prodece rapid growth in the Grst year, however.

6. Keep weeds under control,

T Usespacingol 2x2o0r25%x25m,

§ Do nel use ferilization 1o simulate early growth unless further research indizates the
conditions under which il will beeome financfally bencficial.

Catliandra colothyrsus Meissn,

Common nam¢: Ped calliandra, xalip {(Gueatemali)
Family: Leguminosae (Mimosoideas)

Distribution

This shrubby species is nalive to Central America and southern Mexico, extending into northern
South America. Il was introduced into Indoncsia from Guatemala where it is wsed for foruge,
luelwoad and crosion coutrol {CATIE, 1586),

Itis & medium sized tree that sprocts very well. It can be cut requently (even annually) and will
cantinue Lo sprout for at least 15-20 years (National Research Council, 1983). It branches into several
stems; when the height is 5-6 meters and (he basal diumeter is 4-7 cm, harvesting is practical {CATIE,
1986}, Lelt to grow, the (ree normally reaches about 12 m in height amd 20 cm in diameter,
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Although the species adapis
1o a varicly of sites, il does best on
lonse, light textured, slightly acid
and well drained soils. [ grows in
arcas with rainfall higher than
}200 mm per oyear oand o
alillodes between 400 md 1,608 m
(CATIE, 1986). The rouls
nodulate freely, allowing the tree
Lo ix atmespherle nijrogen.

1Jses

The tree is used o
communily aod small Farm .
forestry for is variety of valoes, Ii '
s a pond MMrewood, althaugh il
produces relatively small stems. Tt
can b used to maks charcoal, bt
this is apparcnlly less commaonly sy
done than i the use as frewood. ¥
Culliandra soots are good for
Lolding soil, preventing crosion,
and Improving the orgunic aod
nuotrienl content af the sail, The
leaves are pood supplemental

feed, containing up to 22 poereent bl b otz s R S Sl

crude  protein and  no loxic

substances. There is a 1-3 percent Source: Melissa Marshall from National Rescarch Coencil,
taonin  conleat  in the leaves 1983,

{Maticmal Rescarch Counal, 1983).

Performance in the Douninienn Ropublic

In the program’s experiments, calliandra has performed well in semi-humid to homid sites with
acid to neutra! soils (Figure 26). s vigorous growth on a doep sand soil in Santiage (TSA-Rio) is
appareatly related t sub-surflace water supply at the base of a small hill. 1 has not performed well in
Santiago on dricr sites. Therclore, it i recommended that rainall should be more than 1000 mm or
thal water supply be availabl: for occasicnal irrigalion.

(iood growth was achieved al the lollowing sites, with their altitude, rginfall and pH indicated,
respectively.

Munoz, Puerio Flata 25 m; 1,760 mm; pH 7.0
San Pedro de Macor(s 40 m; 1,400 mm; pH 7.5
Gudzuma/Los Montones 630 m; 1,200 mn; pH 6.4
Esc.Nac For, Jurabacos 540 m; 1,58 mum; pH 5.4

There was alsa relatively poad growth at La Celestina, where this species was the most viporaus of all
the 18 species tricd,  Apparently, in the shallow, croded soils that exist throughaout the mountainous
Plan Sierra tecritory, this is the meat fast-grewing and relisble species for lozal fircwood, Sinces i is
used for feeding confined livestock, i can be valuable in agroforesiry programs, as it has been in the
maountains of Indunesia,
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Figaire 26, Culliandra calothyrsus. Fanners at Zamhrana peel off lateral leaves to feed pigs, leaving
several tenminals t@ continne growth in length and height,

The most oulstanding performance of Catfiandra colothyrsus in the Dominican Republic has been
in agrolorestry operations on small propertics of members of the Asociacién Campesina de Zambrana,
This arca, south of Cotud, has high rainfall and deep, acid solls, The closcly planted single or double
rows of calliandra reacliod 4 melors in two yoars, but has been harvested for small fuelwood sticks after
anly 1.5 years. The leaves are uscd lor [eeding pigs and poats, while the busby plants hold and enrich
the soil,

Recommendatings

1. Caltiandra calothyrsus 15 recommended for agrolocestry and home fuclwood consumption,
where large logs arc not necessarily desirable,

2, Plant or dircet seed where rainfull is over 1000 mm and =olls are neutral or acid.  Altitlude is
not a limiting factor,

3. Proleel from livestock al all times.  The leaves can be siripped by band (leaving terminal
leaves) and fed 1o livestock, bul trees are fatally sensitive to divect browsing.
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Cassia sramieq Lany,

Common banie: "Acana” amarilla
Family: Leguminosae {Caesalpinivideae)

Dristribution

This speiivs s native of' s ~othcasiern Asia, 1t has been introduced throughout most of the tropics,
Bath as wn orpamental aod for fuclwood or posts. s dark, evergreen loilsge, attractive small yellow
flewers, reaistence to drowght, and unatleactivebess 10 fivestock make it the priocipal streel tree in
semi-arid and arid zones of the Domivican Republic. It was considered as @ promising plantation
S|nettien inAdTiciat the begianing of the twentieth eentury, but larger trees sueh as eucalypts supplanted
tlin populariey.

Impoeinne Charncleristios

COeindw xfamed is @
nedinm-sived (ree, reaching up to
20 moan heghl and 30 om n
diameler,  Wds single (o 1riph:
stemmed, with o bewey croavn that
quickly prosides shade, 110 prows
raprdly,  produecing up to 15
m*fhafvear (hatemal Aculemy
ol Sciences, FR80. Holations {or
fuelwend of 5 1o 10 years luve
been projected (CATIE, 19863,
The spedes is so popular and las
been planied Tor so long that
there s litlle recent litcrature on
i silviculiure, except as related o
discases and mscels mIndia,

Fnviroamontal Eegquirgments

Normally, the tree 15 planted
al Tairly low clevations, although it
is prown suecessfully as an
arpamentyl at 700 m clevalion in
the Dominicar Republicc.  Soil

Troamle o Mie Flasrw rams Falris sl mes Cam

requircments are guite leaible, It e o
In Asia, it grows well on a wide
varely ol soils, with the cxception Saprce: Little and Wadsworth, 1964,

ol sandy or low fertility sails {Le

Tourneux, 1957).  Its wsually deep root system prefers friable deep soils with good draimgge and
relatively high fertility, It will not do well in sterile sands, heavy clays, or inundated lands (CATIE,
1986,

Cassia stamen ts capable of prospering under a wide range of rainfull regimes. T grows in most
parts of the Dominican Republic, where rainfall vartes from about 450 mm 1o 2200 mm. Since most of
the plantings arc arnumentals, it is assumed chat water is added in the driest kocations to assure
survival. [n the Irials of this program, plantings were in arcas with 750 o 2000 mm af cin [T yEar,
The most limiting actors seemed to be sofls in the wet areas and long periods of drought in the dry
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arcas. CATIE {1985) reportcd good results [rom plantations in areas with precipitation from 500 1o
18K} mm. 1o the semi-arid arcas, however, the trec may require supplemental irrigation during
unusually prolonged droughts,

ses

The wood is faisly hard, with a specific gravity of 0.6-0.8, and excellent as fuel or chareoal,
although a reference to smokiness (National Academy of Scicnces, 1984) has led some ta question its
desirabiiity.

The tree is often used Tor a windbreak, living fence, ornamental, shade Tor cofiee and encoa, and
crosion control. The waod is relatively durable, making excellent fence pasts, poles, mine props and
roundwood construction.  Sawn wood from large trecs can be uselul for consiruction, carpentry and
tornery (CATIE, 1986).

The foilage is apparently not allractive « livestack and is not vsed for lorage in the Dominican
Republic,

Sikviculture and Manapement

The seeds are flat, with a thin hut fairly durable seed caat. Tt is said that freshly collected seeds
need no [reatment to achieve rapid perminatinn (CATIE, 1986). A trial with sceds thai had been
storeed for some time Wl 1SA was conducied by Ozoria {1987), Using three repetitions of 50 sceds, he
tried three lengths of time for soaking in sulphuric acid, and three in unheated water plus a control with
no treatment (Table 27). The control produced a 42 percent gesmination rate, spread over 44 days. A
10 minule soaking in sulphuric acid inereased the total germination significantly and aceelerated it,
while & & haur soaking in cool water reswlted in an intermediate rate and tolal geemination. The other
ircatments produccd lower Jevels thun the control,

Table 27, Duration and percentage of permination of Cassig
samen sved aller seven [realments.

Treatment Days to Percontape of
germinate germination

Control 13-44 42.10

H,50, 10 minutes 6-18 67.3

H,5a, 20 minutes 10-40 30.0

H,50, 30 minutes 10-38 18.0

H,0 20°C 6 hours &=35 53.1

H,0 26°C 12 hours 11-49 16.7

H,9 20°C 24 hours 15-43 15.33

Source: Ozoria, 1987.
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Irregular germination of untreated sceds is a problem that ean tic up a germin: ting bed for many
months or result in a loss of seedlings, nol to mention the unpredictibility of numbers to be available
for planting. Obscrvations of o scedbed in Mao indicated (hat germination can continue for six to eight
manths,

Fresumably, the seeds can be sown divcetly in the field in semi-humid arcas, il constant weed
controd is done. However, Ozorla (1987 did not recommend (his method, only nine percent of his
seeds germinated in the ficld and all the seedlings soon died ender the hot shn, Likewise, propagaling
by cutlings in the nursery produced high bud sprouting (ahowut Y5 perecaty bul no survival when these
sprouted cuttings were planted out (Ozoriy, 1987}, Transplanting secdlings produced in the nursery is
recommended,

Moguete and Abréu (1987) [ound Cassie siemiea 1o be durable coough o transptant bare rooted
during the rainy season, achicving 6 percent survival after W1 days in the ficld, compared w 75 pereent
survival fur container-produced seedtings in the same plot. Ozoria (1987) achieved an gverage of 92
pereent sucvival of container-produced scedhings aflier 43 days.

Weed control is necessary during the first two years or until there is crown clogure, i this comes
first. This trec develops a broad, dense crown when young and relatively quickly shades out much of
the competimg ground eaver,

Reynoso {1967) indicates the need for protection of young trees from hrowsing, atthough the teee
is not highly palatuble for most livestack. The sceds, pods and leaves are wosic (o pigs (CATTE, 19860
and perhaps to other nonruminams.

The tree 15 often bifurcated, developing two or more wajor stems.  This characleristic may be
renctically controlled, indiesting that selection of seeds from single stemmed piarent Lrecs may produce
more single-stemmed young trees.  This characieristic niay deserve more research effort by tree
i provement specklists,

Crowah e (be Field Trials

This legume was planted in virtually all the sites used for experitnents,  [1 has demonstrated
litmitations in very acid soils and very dry soils, but appeurs o be doing well in most other locations, In
few of the experiments is it the Tustest growing oor the best farmel tree, however.

Casria sluirtea demonstrated its best growih in Mag, Santiggro, Poerto Pluta, Monte Plata, Sucro
and San Pedro de Macorfs, reaching an average of 3.9 m in height, ranging from 2.3 to 5.0 m on these
sites al uge 22-26 months (Table 28). The worst performance in these initial growlh trials was on the
law fertility, acid soils of E1 Valle, This contrasted with the mutstanding prowth oo decper, less acidic
50ils on the same Tarm, where a plot on a hillside reachied an average height of 10 meters in three years
{Figure 27). Here, the raimfal! of aboot 2000 mm per yeur apparently had no negative eficet on Lhis
specics which is usually recommended for semi-arid sites.

On the sites with pour growth, shallow, inferile and for compacied soils seem to be the common
limiting factor. This is confounded with aktitudes of over 500 m at La Gudzuma and Los Monfongs,
However, al a similar altitiede {550 m) in Ls Celestina, individual trees hive done well when planicd an
loose soil. This suggests that altitude is probably less limiting than the physical depth and perhaps
chemical properties of (he soil.
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Table 28, Heights (m) of Cassia sigmea in 15 sites of the Dominican Republic.

Gites Ape {months)
-9 12-14 16-18 22-26

Mao (23} £3.50+) 5.52
Mao (1} 1.11 f.12 3.00
Mao (233 1.03 T
Cementos Moac,, SPM 2.90 5.00
Playa Grande, B San Juan 1.58 4.50
Mufioz, Tuerro Plata 1.449 2.40 3.63
Monte Plata .63 1.80 2. 40 3,80
TSA-1, Santiagn .B8 1.59 2,58
ISA-Rio, Santiapgo J98 1.82 {lost to fire)
Suero, Higuoy 2.55
Jacagua, Santiageo B2 1.08 {lost Lo prazing)
Gudzuma, SJM L0 L33 LG a1
Los Montones, SJM .32 Vi L85 Jad
El ¥alle, Hato Maver .21 31 .38 a4

In dry zones, small experimenta] plantings failed in San José de Ocoa (R. Fajardo irial) and
partially Tailed in the dricst sites a1 Mao. The Mao problem was directly relaled (0 a severe summer
drought thar affected trees one year old and younper, Mooy trees [ost their leaves during the droughil
and about filty pereenl of these failed 1o sprowt back. Adjacent Cassia sigmea Lrees on slipluly less
droughty swils regained good growth and reosewed vigar after the dronght, This 1986 drought faally
affected 40 percent of the recently planted (rees io Mua-TT and abowt 10 percent of the one vear old
tregs i Compartment 2 ol the Mao experimontal forest.

Likewise, in yicld phats in Mao, there are sharp differences among tree heighis of different plots,
related w the orpanic matter comient ol neatly adjacent soiis.  Bosed upen these abservations,it is
hypothesized that futore studies of productivity of this specics can best Tocus on performance under
dilicrent sodi depth and tilth condilions,

Recommendaiions

1. Plantations of Cassia sigmen prosper best in loose, deep soils with pIT between 6.0 and 8.4,
The site shonld prohably be below $00 m clevation with average rainfall of over 300 mm.

2, Kceep plantations frez of weeds during the first two years,

3 Altkouph the specics resists droophts of 4 10 5 months, in arid zones recently planted trees
may need occasional irripation during prolonged draughis.

4. The substrale Lo use in germination beds can be a combination af 3/4 sand and 1/4 manure
ar lopsail,

5 Althouph further testing is desirable, seedlings handled with care can be planied bare-rooted
after about 4 mionths in the norsery, AL present, the recommended praclice 1s 10 use
seedlings with roots in a plastic bag or other container.
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figure 27, Clussin siamcy at ¥ years averaged N tall on fenile soif in B Vidle, fonryear old
fertilized trecy on nearfty savgnng soils were less than one meter tafl,
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Eucaiyptius camaididensiy Dehnh,

Farmily: Myrluceac
Common name: eucalipto, red river pum
Synomyms: B rostredy

Distribution abd Charaeleristics

Cae of the most widely planted trees in the world, Eycalypties comalduiensis is a fust-growing,
genclically diverse tree of lirge size aud fairly beavy wood. s native disteibution in Australia covers
about 23 degrees of Latitnde. Selection of peovenances to mateh latitedes of inteaded plantation sites Is
teeemimended (Tacohs, 1079

The specics is narmally
distributed aling river banks in
Australia (Turnbull and Pryor,
14944Y where it can withstiud the
seasonial iaundatioos and
alternating draughts. In
plantations throupgbout 1he
tropical and sulropmecal world,
including some sites as far north
as Portugal and Spain, the toe
has performed well vn g varicty of
sites and sails, il has been used
up Lev LENE moan altitude (Parry,
1957).

The specics is penerally
congidered e prodoce trees of
twisled form. Indeed, many of the
trees proviously planled in Lhe
Pominican Republic exhildt g
semi-spicaling {form and seed
vallected Trom these tregs
pinduced sevdlings that wece
twistcd and casily bent by
prevailing winds.

Envirgnnicnlal Requiremeols

The natural rainfall range of Svurce: Kelly, 1983,
Evcalvptiy  camalifilonsis is 200
L2500 man. Howewer, for commercial plantations, o minimuom of #60 mm is more advisable {(National
Academy of Sciences, 1984). The specics appears 10 do best in soils with pH that is newtrat to alkaling
but without excessba free saleium (Jacobs, 1979} I will tolerate perindic inundativns, so it can be
planted on fload plains but its onrmally decp root system will also develop and exploit drier sites, unce
eslablished.
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Silvicuilyry gnd Management

The seeds are tiny, one kilogram containing 374,000 plus chafl (Parry, 1957}, They are produced
ahundantly on trees of 3 or more vears of age. The seeds need no pregerminadion treatment and (hey
can be stored in a cool dry place for several, often many, years. Because of the small sive of the seed,
the general practice is to germinale in a seedbed, then transplant the small seodlings into plastic baps
or other containers. Alter 3 (o 4 months, the 20-25 cm tall trees can be planied in the field.

This species is quite tender when young,  Seedlings are often damaged in transit or Lawe their
roats disturbed when being removed from the narsery ot in remaoving the container on the planting
site. Mortality of young seedlings in the ficld is common, especially during the first few months. There
are severyl causes in addition to those mentioned above. Poor planting practices may leave air spaces
around the 1aols ar may cause the roots 1o be bent or twisted in the hole, Tosuificient ralnfall may
cause the rool system (o dry out before it can develop. Competilion with weeds alsg may weaken the
lree more casily than in the case of ather species.

Althaugh livestock do not scek out this species as forage, it sulfers severely from direet trampling
and compaction of the sel.  Although this is o very aggressive and productive tree, il requires
consiclerable care during (be first 6-12 months of is Jife. In the Dominican initial growth trials, where
afl species were treated nore or less caually, the cucalypts tended to show the greatest morlality of the
well-adapted spocies, even though they eventually outgrew the other trees.

Yields of the specics are variable, as mipht be expected from its wide adaptability to diffcrent
sitea. In Argenling, growth rates averaging 20 1o 25'm fhay yr are reported {Cozzo, 1976). In [srael, up
to H rr.3,f ha/yr has been recorded. On poor and dry sites, the annual yield may diminish to between 2
angl 22 m?',fhu;'}rr with a 14-year cuttiog cyele (National Acadeny of Scicnees, 1984),

Grrowih n the Dominican Field Trials

This species has been planied as an ornamental for many years. 11 grows relatively well along
highways and country roads, under difficult conditions, 3 is scldom seen in planlations, but rather in
rows oF s isolated trees, Although no fornsal data were Laken, this is undoubtedly the eucalypt chat is
the most widely and frequently plamied in the country as an arnamental. 1 seems 1o prosper under
diverse. condilions, with trecs growing al elevations from 800 m clevation to near sca level, in rather
arid conditions Lo semi-bumid or humid arcas, and in a wide variety of soil conditions.

Perbaps the small 8T-tree plots planted by this research program are not the first "plantations” in
the cotntry, hut they provide good opponunity for systematic measurement of development and
potential plantation success. Since the first of these was planted in 1984, no data on (ke growth rates
fram the Dominican Repubiic are meaningful at this stage. But in small plots, the very rapid growth
presages future average rates that should be well above the 25 mjf ba/yr that was nsed as o norm for
caleulating potential profttahility in the Doninican Republic. However, on low-productivity sites, the
growth rate can be expected 1o be lower, (o the sites where Encalyptus carmatdulensis was planted, it
was Lhe first or seeond species in growth potential ameng those tried, with only ane or two exceplions,
where il was still very close ta the top. The best growth of this species in the trials was in Santiago af
ISA-Rio (Figure 28), where environmental conditions are quite similar to those deseribed for its pative
haintat in Australia; decp sands nowr a river and in 4 semi-arid climate, When measured in J anuary
1988, about .5 years after planting, the treus in yield plots averaped 126 moin height, with some
individual trees reaching more than 15 meters, and an average of 12 cm in diameter (Table 29). This
camparcd lavorably with Lencoena feicocephata and Azadirachta indica. The early survival problem is
dramatizexd by the fact that only three of the four caperimental parcels had measurable trees growing,
ali but three border trees in the fourth plot having succumlxd 1o competition in carly stages of lile.
Including this empty plot, the survival was 44 pereent; it was 59 percent in the threc fiving plots.
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Fignure 28, Eucalyptus ram

-Rier it 3.5 vears of

i 5.4
age.
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Tuble 29, Behavior of Tour tree species in yvicld plois in 154-Ri after 3.5 years,*

Spocies Helght Dameter Sutwviwval
{an) {am) (%)
Bucalvptus camaldulensis 12,65 11.8 &4y
Lowcsena leaycovephala 10,18 5.8 95
Asgdirachta fndica 6.48 7.1 92
Melia auudirach 4. 8D 4.8 39

FAzadi rachita Ludica was plantuj & wonths afrer rthe other
species no were 2.0 yvears old when measuved,

The specics wis planted an 12 otber locations, 1t showed promise on all of these, although in
Racagua, Barrko Lindo and Mooz there were danages by lvestock or weeds. Drought also eliminated
ane youug plantation in Mao. On the hetter sires, the average height an ape two was belween 3 and 5
. Some trees i 18A reached 8 10 @ moin tha pedod. By 3.5 vears, 1he best trees were 1517 m in
height in ISA-Rio. In Kinico and La Ceicsting, on poor, shallvw mounlain soils, the growlh wag pood
comparcd (o most other specics, averaging 1.4 m an ope 2.

Provenance is very imporlant (o the performance of his species, In Mao and ISA-1 are wests of
five seed wources that indicate very good carly performance and form by seedlings from Gibb River and
Perlord, Australia, plus sceds from a selected tree in the Companhia Agro-Forestal Santa Barhirs,
Minas Gerads, Brial, Early lorn was poor from seeds colleated from adull arnamenta] trees a1 ISA
and in San José de las Matas. Although the local seed sources may eventally produce sirzipht,
[insl-prowing trees, so Tar they are quite cronked end of smaller stalure than the otlicrs,

Encalyptos robusta Sm,
Family, Myrtaccae
Caommon name: cucalipio, swatnp mahogany

Synonywr: £ riltiflora

Dyistribuion ool Characterisiices

This Australian specics piows naturally along a narrow epastal strip in New South Wales and
southern Queensland. i grows only in valleys and swampy lowlands and does not compele well with
other Austrulian specics o its home range (lacols, 1979, The (ree is well-known as o slinlidian
specics outstde Anstralia, 1t grows from the Mediterrancan to Senth Afvica, in the South Pacilic
islands and South Avaerica. 11 is vne of the few trees able 1o survive well an heavy clay soils, even in
arcas with drainage problems, It also does well on 2 varicty of less diffell soils.
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The trees narmally reach 25-30 m in height and 1-1.2 m in dismeter. I hes a straight trenk, clean
of branches, although open-grown trees can form dense and extensive crowns.  The branch tips may
break off in the wind and the yming trees may be deformed by porsistent high winds.

£ rofitista s resistant to fire, resprouting cven fram small branches in the crown (Jacobs, 1979),
It has the capacity 1o produee acrial raots [rom several meters up the trunk,

Llses

The wood is pood guoality for sawing, s well as for Tuel and charenal. The trees are good posts
and pukes, can be chipped for pulp er particle boards, aod may be used for plywood. “The pums contain
abaut 3 pereent tannins (National Academy of Sviences, 1984). The wood is hard wnd dense, with a
specific geavity of 077 (Jacobs, 1979). 10 light red 1o reddish brown, strong and durable bug difficul(
ta dry,

Enviconmentsd Keouinemenis

Encalypms robusie i be
prown vnoa wide varicly ol siles.
TLis telecant 4o mild frost, vel can
prow in subtropical clinages.
Becawse the tree i copable of
rrowing oo omlverse soils, QL s
most leyuently planied on
ntargioal siles. This oy misk #s
Tull powential. it appears 1o prefer
acid o neutril soils which cao be
deep ard well-drained 1o shallow
or poorh-draned,

In Horwsaii, i grows i raindall
regimes Wit moge from 750 (o
360 i of precipilation per
yeur, B odoes well witle SO0 won o
thare of rain per year al thal
lattwde and will stand o dry
seasun of op w Tour months
{(Jacobs, 1974 Mased upon its
allnnzdingl rang.: in other
vountries, it apposes o have no
pracical elevation limits in the - P
Cominican Republie, excopt T
perhaps very hugh moontains,

Source: Little and Wadswoilh, 1964,
Silvicnlture aond Muanopreogend

The seeds are very small, with wbowl 110,00 seeds plus chaff per Kilogram (Parry, 1957). They
can be stored for Joug pericds of time under dry conditions and have fairly high permination cates,
Breause of eir smull size, iU is vsual to germinate them o beds and transplant seedlings with 2-3
leaves inlo containers. Some nueserics put several seeds direelly into containers and (hen thin oud the
weakest seedlings.  Containerized seedlings can be planted out in three o four months after
Ferminativn,
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The tree develops fairly rapidly in the first iwo or three years, producing large leaves amd an
ample crown that helps the teee dominate the site. Towever, weeding is vital during the first year or
two, especially to keep dovn vines.

Yichis throaghout the teopics are guite variable, perhaps paely due to the marginal sites on which
many planiations are boculed, Aserage annual produciivity reported by National Academy of Scicnces
(1984) ranpe from 1010 35 m¥/ha. The tree cun be cxpected (o resprout after cutting, at izast for its
lirsl 25 years.

oty i the Freld Troinls

This spectes responded superlly taoa single application of feetilizer on the infertile soils of 51
Valle (Figure 29). Four ouoces of 15-15-15 NPK just sfier planting stimulated a growth rate that was 3
to 3.5 tines as great as the uafertilized plots, cven through the fourth year, Although yickds on this site
may not creced 20 m? fia/yr at age 10, the site was considered unproductive sovanna for nany years,
£, robusta has outperformed any of the other tree species tricd there and is approached only by
Casuaring cquisetifolia (bal was fertlized and inocolated, Adrican palms ptanted nearby are performing
well only alier extremely heavy doses of fertilizer, On more productive sites, E. ropusta should perform
hetter,

Figeare 29, Eucalyplus
robusta at age

4 years in Et Valle
Favenndg ol
Einferitized
{front), fertifized
{bock).
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In addition to the trials at El Valle, Excalypius robusta has been planted on shallow mountain soils
of La Celestina and Los Montones Arriba, as well us in lowland soils of Aiante Plata and San Pedro de
Macars, I has also been tried in Jarabacoy, with positive results, but it did not grow well ia the
sermi-arid caleareous sob of Guazumal, near Santiago.

Seeds of this specics produced in Florida plus crosses of it with Encalvptus gravdis wore planted in
trials at Falennbridge Dominicana, near Bonao. Although data are not available from these trials,
visual inspection shows that they have produced spectacular young trees with obviously high potential
vields at age seven, The most impressive stand ic on 2 deep cove soil aboul 10 m above the river.
Here, three-year-okl trees in 1983 averaged 10-15 m tall. Another trial of these trees in Jurabacoa was
measured in March 1988, at age 5 years. The average diameter of all the living lrees was 13.1 cm and
the height was 17.7 m. The differences among parent lroes were average heights varying frinn 12,7 to
20. - m and diametcrs ranging from 8.0 (0 16,4 cm. A private plantation nuar La Vega was established
in November 1987 and Febroary 1988, By Junc 1988, the survival was over 95 percent. The older (rees
averaged about %) em in height (30-200) and the younger trees were about 40 em (20-100). The heavy
trrass cover was cleaned regularly.

The trees in the shallow mountain soils hewe not performed partienlarly well, but they Compare
favarably with other specics. In Monte Plata and San Pedro de Macaris, the growih is excellent. Trecs
al Monte Plata averaged 6 (o 7 m before the third yoar was complete. At Cementos Nacionales, San
Pedro de Macoris, the trees averaged 2.1 m a onc year of age (Rewnoso, 1986).

Fucalypiis robusta may be less productive on some low altitude sites than other species thal were
not tested exiensively by the program.  Flantations established by “Las Arbolitos” on tight, seasonally
wet, ard, savanna soils near Rayaguana have indicated that Enealyptus wrophyita and E. grandis arc
growing faster than £. robusta (personal communications with Kevin Darrow). The E. wropivila is
probably preferable (o the E. grandis for fuclwood and poles becanse of ils greater density and
strenpth,

Recommendations

1. Use Encaiypfeis robesta for high-rainfall areas with acid to neutral soils, even soils with heavy
clay texture and impeded drainage.

o

Al low clevations, compare this species with E. urophyila in terms of growth and wood
characleristics,

3. Cu itinue research on selection of superior parent trecs from Florida,

4. Whorc soils are of low lertility, apply a small amount of fertilizer around the recenlly planted
scedlings.

3. Rigorously control weed growth around the trecs for the first (wo years; follow up with
regular vine control,
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Leveuena fencocephala (Lam.) de Wil

Family: Lepuminosac (Mimosoideae)

Common names: Lino piganie, leucasna, ipil-ipil

Synonyms:  Lewcaena glawca (L)Benth, Mimosa glanca (L), Acacia glonca (1)Moench,, Minosa
tenicocephala Lam., Lewcaena latisiligna (LYW.T. Gillis, and L. sefvadorensis Standley,

DHstribution

Leucacna leweocephata is
oative Lo the interior of Mexico,
Guatemala, El 3alvador,
Honduras and Nicaragua
(CATIE, 1986}, N is a nalive or
naturalized species in the
Dominican Republic, where it s
called ling; it vecurs ahundantly as
4 shrub or small teee io semi-avid
or semi-humid forcsts at low
altitudes {below 500 m). I is
common in pasturcs on basic or
neutral soils. Cilanl cultivars have
been intreduccd to various
countrics, including the
Dominican Republie, wherg it 35
wsed for Fuclwond aod forape,

There are three groups of
variclies, bascd on size and
growih babit, Salvador, Porw, and
HMawail, The Salvador (giant) has
many large-growth cultivars that
have been tested in Hawail and .
clsewhere, There have been good T 1= e e e
results from (he cultivar numbers
k3, K23, R67, =nd K132 in the
Tromiinican Repuldic,

Le-dras plars oF} ey

Spurce: Litile and Wadsworlh, 1964,
Imporiant Characierislics

According to mformation from the National Academy of Scicnces (1984} and CATIE (1986), his
species is represented by trees of 20 m or more in height or shrubs reaching ne more than § m,
Althougli the shrubhy (rees are common in the Dominican Repoblie, several large, straight individuals
have been identificd in the native dry forest in Mao for possible genctic studies and 1rials,

The giant coltivars, which are the ooly ones discussed here, are capible of very rapid growth, The
National Academy of Sciences (1984) reporied growth of 24-100 rnj'g'ha,‘yr as an average (or 7 yeats.

The crown is open and with fow leaves in the dry season and fairly dense in the rainy scason. The
Iree typically possesses a straight, wsually cyitndrical trunk, ofien forked in the first Iwo meters above
the ground. Its root system is typically deep, with a tap roat and several lateral roots growing al varicus
angles to the principal axis, When there is a hard pan in the soil or a high waler (able, (be roals are
capablc of adapling (o a luteral, shallow form,
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l.cucaena has the capacity to ilx atmospheric nitrogen through nodules inoeuluted with Rivzedinm
spr. These bacteria seem o be readiby avallle in the natural eavironment in the Dominican
Eepuliic,

With a density of about 1.7 g/em® and 2 heating value of 4445 keal/kg at age 3-5 years, the wood
is good for firgwood and charcoal (CATIE, 1986). It car alro he used for manulacturing chip or Make
boards and particie boards or pulp.  The round wood can be used us pasts, and poles for rural
construction, The Iving trees are valuable Tor honcy production, living fenee posts and an cxenllent
source of {orage supplement, The lesves have about 25% crude protein content {BOSTID, 1484}, In
Las Malas de Farfian, fanr-year old trecs have been used to make tarnery and chuirs. The younp fruits
havae bean used as human food.

Bevunse of the speeins’ ageressiveness, it is feasible 1o wse U to reforest steep slopes, marpinal
sals, whandoned pastures, and thus redvee crosion and establish vegetative cover (hat is praductive
(Reynoso, 1957% Tn Micaragua lewcaena has been wsed lor windbreaks around cotton fields.

Halsiat Reguiremenis

Lencacna is a lowland species, crawing Tt sciow 5% moakiitode. It is restricied to the troples
and sulropics since t does nol survive Trecrng (oo pavatures,

I prefers noulral (o basic seils. A pll of 5.5 or 6.3 appoacs to be the most acid soil in which it will
thrive. T'o be safe, it is sugpested that the soil pH should be 6.5 or more for optimal development of
the plantation,

Soil textures may be variable, Because of its adaptable root system, the specics can adapl to a
wide range of soils, from rocky 1o heavy clays, but it requires adequate levels of calcium, phosphorus
anet sulphur. Mulybdenum, zine and boron are indispensable Tor good nodulation {CATIE, 1986).
Absarption with the aid of symbiotic vool microorganisms allows the species 16 thrive where some of
these nutricms {e.p. PY arc low,

Silviguilure

The tree propagales hy abundanl seed produced after the fiest year.  Dircet seeding or the
planting of nurscry scedlings may be used ta establish stands.

Dircct seeding or the planting of nursery seedlings may be used ta establish stands. Two privile
commereial plantations were ¢stabiiched in the humid environment of Puerto Plata by direct seeding
with good success, accompanied by vigorous weed control during the first six months. Dircet sceding
rials in Mao’s dricr climate proved unsuccessiul, cven during the rainy scason, suggesting the need for
use of nursery-produced seedlings for plantation cstablishment in arid and semi-arid lands,

Germination of untreated sceds was bighly variable, {rom 8 1o 85 percent (Finke, 1985). The
hard, impermeable seed coat reduces and retards germination, making scarification highly desirable
{(Oakes, 19068).  Moethods of searification that have been recommended include hot waler, acid,
mechanical and passing seeds through catle or goats.  Estimates of suceess are variable, but any
scarification seems (o produce high germination rates, Finke (1985) tested six treatments and a control
lot in Saniiago, using 200 sceds per treatment. He measured tatal germination aiter 21 days and a
velocity index caleulated by dividing the pereentage of seedlings by the time reyuired for gormination.
His results (Table 30) indicate that mechanical scarification and sulfuric acid treatments produced the
most germinants in the shortest period of time.  However, simpler hot water immersion and soaking
while couling produced aceeptable levels of seedlings for this abundant seeder. Cold water soaking and
na treatment produced slow germination,
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Tablz 30, Sced germination of Leucaen: iewcocephala alter 1reatments,

Treatment i Cermin. Veloclty Index#
Control 28 13.19
H,0 26°C, 48 hours 19 7.09
H,0 106°C, rool 12 hours 52 10.07
H U 100°C, coel 2 hours 41 10,57
H 50, 2 minutes 52 29.00
HSC 15 wirutes 68 44 B4
Mechanlcal a8 Yo, 15

Sourcc: Finke, 1985.
*Velocicy index = (¥ germination/number of days),

Based upon these rezults and praciical considerations, Finke {(1945) recommended that methods
ol mechanical scarification on a large scale be developed. He sugeosted miding seeds and sand {as an
abriiv) and rotating them in a drem until physical searification is achieved, Until this methed is
proven aud easily done, the scarification by immersiun in hoiling water and then letting the sceds soak
a5 the waler cools for 12 hours is sugpested as adquace, of low east, and casily done,

In general, germination of scarited seeds ocrurs in one (o two weeks, After 8 (o 16 weeks in the
THrseey, (rees grown in containers with iopsoil shonld be about 20 1o 30 em in height and ready to plant
in the ficld, )f root development is sufficizol, some may be planted alter six weeks, If the rainy scason
is late, seedlings may be left in the nursery a fow wecks longer, then root and lop pruncd before
plauting out. Severe pruning back was used on overgrown seedlings in 4 Mao planting on gravelly
subsoil. Early growth was slow, bul survival was very goc 1, despiie (e dilicult conditions,

Under favorable conditions, leucaena cun be transplanted bare root rather than in containers.
However. this has nol heen widely practiced in the tropics. Trials by Finke {1935) indicated that there
was considerable mortality after hare root planting on a dry site, Only 53 pereent of the trees were
alive after one month; by the end of six months, only 18 percent were alive and these were cnly
two-thirds the height of the seedlings produced in bags (87 cm vs 126 em, respectively). A later trial on
more huwnid soils in Santiago (TSA-Pasto) proved that highes survival rites are possible, Moquete and
Abréu (1987) achicved 64-84 percent survival afler 50 days in the ficld. Survival varied directly with thy
number of days the seedlings were left in the nursery. This compared with 95 percent survival of
bagged seedlings.  Height growth of the bapged scudlings was good from the outset, bt the bare
reoted seedlhings wilted and suffcred top dieback, recovering after about 20 to 30 days. They grew back
to their original height by age 46-60 duys and progressed welt from there, but markedly more slowly
thun the containerized scedlings.

Belore planting, it is nocessary to prepare the site, with manual cleaning of the arca, burning of
the residues and opening planting holes {or bagged plants.  On compacted soils, plowing may be
productive.
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Control of weeds during the first two years iz importanl (o survival and growih. Areas most be
rigorously protected from goats and othei livestock, This trec 15 a highly appetizing (orage that can be
heavily damaged by even occasional visits of domeslic animals.

The specivs is apparently quite resistant to damape by insects and diseascs, so there is seldom
accd lor expensive pesticide treatmezls,

The wrec resprowts very well after harvest.  Fow data are yet available on resprouting in the
Dominican Republic, but recommendations are 1o eut sywnps to 10-30 cm height, control weeds and
vines vigorously, and manage the nomber of sprouts by thinning to the two or three most vigorons now
stems (CATIE, 1934).

Growth in the Planting Trials

[n initial growth trials (Table 31), the best results have been in Mag, Puerto Plata; Guazumal;
Monte Plata, Cementos Nacionales, San Pedro de Macor(s and in Sucro, La Altapracia; trees reached
g to 6 in height at two years of age. These sites range in altitude from 25 to 183 m, with average
snnual rainfalls between 74 and 1,9% sam. The soils arc all deep, with pH that ranges from 5.9 1o 8.4,

Tuble 31, Heipht {m) ol Levecasna fevcocephaia in 12 trial; in the Dominican Republic.

age {months}

Sites 4-5 7-9 12-14 18-21 24-28
Gudzuma, S5JH 0.47 0.57 0.67 0,97 1.09
Janlco .55 -- - - -- 2.23
los Montones, 3IM 0,40 0.51 Q.54 -- (.35
Mae (1} 1.33 3,30 .79 4. 30 5.68
Mao (2] -- -- J.58 -- 4 Bl
Maso {3) -- 1,28 2,03 2.40 --
15A-1, Santiage -- 1.05 1.37 2.52 317
Mufioz, Puerte Flata 0,58 2.28 3,482 5,42 --
Monte Flata 0.85 1.40 2. B0 3.20 4,40
El Valle, 8 de la Mar 0,29 0.32 0.38 0,38 £1.42
Cementos Naciconales Q.62 -- 3,72 -- 6,00
Suere, Higuey 0.75 - “e -- .85
Guazumal , Tamboril -- 2.22 -- 3,87 --

On the sites where this species showed poor geowth, (El Valle, Los Montones, and La Guizuma),
the lactors thal scemed most debilitating were acid soil (pH 4.5} in the first site and high aldwde
{ubout 700 m} conpled with very shallow sail in the last two sites,

In Mao, for cvery cm of diameter growth, lenciena is growing aboul 3.42 m in heigh, at agz “
months, according 19 a linear regression calcolation (Reynosa, 1987).

Yolume growil for this specics depends much on the sile, as is evident (rom the individual ree
perlotmance, From yickd plots in Mao and Santiago (Figure 30), carly results indicated a wide variety
of average annual yields for 25-29 manth old plots {Reynoso, 1984, 1985, 1986). These range from 1.06
fo 4.8 m” /hafyr in Santiago. All of these stands are at 2.5 by 2.5 m spacing. These data and cconontic
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expericnce clsewhere suggest, the trees can he harvested with maximum ccononic bencfit at age 5 1a 8.
At 7 years of age, some trees previously planted in ISA had an average diameler of 18 em and 2 height

of 12 .

Figure 30, Loucaena feucocephaly
af age .5 in 154-Rio

ield plotr.,

In a private plantation in Camii, Pucrte Plata (Figure 313, where there are about 1,800 mm of
rain, the closcly spaced (1XIm) trees have reached 27.6 m'q‘{ha Jyr at 3.2 years of age {Reynnso, 1987).
Fart of this plantation was clearcul starling in April 1987 at age 3.3 years. The production was about 11
steres por lared or 175 steres/ha (estimates by Loweski Luciano of COENER). Ancther planiation on
the edge of (he city of Puerto Plata was harvested starting in June 1987 al age 3.3 years after the direct
seeding. Yiclds nn this more nentral sail were about 15 steres/flarca or 238 steres/ha. This volume
represents a growth rate of 33-68 steres/hafvr. The figures are very high in comparison with many
Brazilian prowth rates. Tt shovid be recapnized that the siems cui were quite small In diameter,
producing a pile thal contains a very high percentage of air spaee. However, Luciana estimated that 2.8
steres of lreweod were producing one cubic meter of piled charceal of high ciloric value, g ratio that is
above the norm for large cucalypts.  Measurcinents in these two plantations s age 4.5 years (June
1988) indicated an average diamcter of 5.8 cm and average height of 1001 m. There is both general
stunting and some suppression of individual wrees. Sample trees varied in height from 5.1 10 14.5 m.
The remainder of these stands will be cul between ages 4 and 7.5, The larper siemns urc to be sold for
pasts, poles and small dimension baards,
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Fipwr 1. Lencucna

leneocephala gt Ic] i in Pucrio Plata at age 4 years.

Fortdizatwn and Trripation

T'o determine the response of Lewcaena lewcocephata W lerlifization and strategic application of
wale:, Rodriguez (1987) conducted on cxperiment on dry, compacted pasture land with o pH of 7.3,
The surface soil huel 3.4% crganic matter, 2 ppm af assimilable phosphorus (P,0.), 366 ppm of
assimilebe polassiom and 1.32% solulde salls, He used four treatments and foor replications,  The
treis were planted wl 1.5« LS m spacing,

The fertilizer was an cven misiare of orea and simple superphosphace; five ounces per plant were
mixed into the surface soil in i radivs of 25 em around 1k stem. The application was made 20 days
after planting the trecs, Water was applied Lo two of the treatments in small circles, retained by small
cirenlar dikes around vach tree. This ierigation supplemented the natural rainfall. The applications
starled o September 1985 and terminated in March 1986, Natural ramfall during this period was 735
nun and water applicd 1o the irrigated plots iotalled another 819 mm. Aller March, the rainy season
supplicd additional moistore to all treatments cqually,

There wis an immediate and sustained response (0 the Ircatments, Afler 3 months, the trealed
irees averaged ) 1o 50 percent Laller than the controls. Al & months, the gap had widened slightly,
with o 36-60 percent advantape for the treatments, With the onsct of the spring rainy season and the
terminztion of additional irrigation, the gap began W narrow only slightly, At the completion of the
year, the wrees with both water and ferilizer treatments had reached just over 3 meters in helght, while
the contral trees were ol 2 m {Table 32).
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Table 32. Eflect of lertilizer and irrigation treatments on heights of Lewcaena
fencocephala K-8 al [SA-Taslo,

Treatment & mo 1 year 1 yr 10 mo
Control {ro treatment] 0.%7 2.04¢e 3.on
Fertilizer NP ({5 oz} 1.32 2. Eb&h 3,52
Water 1.33 2.82ab 1.82
Water + Fertilizor 1.56 3.02a 4.83

One-year heights followed by the same letter are not
significantly different from each other, according to the
Tukey test (p - ,05).

Source: Rodriguez, 1987.

There were significant differences between the control and cach of the treatments (Rodripuez, 1987).
The practical dilferences, which arc more meaningful for silviculteral practice, are that the rapid eatly
growth produced a reduetion in weed competition, probably climinatiug the neeessity of one cleaning,
as well as contributing 1o eurly crown closure and (eller itees.  Diameter growth was correlated with
heipht growth, with treated trees averaging 2.8 cm dbh while the control trees were 2.1 cm at 22 months

of ape.

Recommendationg

1

6.

Plant on soils that are basic 1o neutral in pH {(e.g., 6.5-8.0), below 500 m in altitide and with
annual precipitation between 600 and 1700 mm. Tn arcas with less than 1000 1nm of rainfall,
be prepared to spol irrigale during the first few months, in event of drought or Lo stimnlate
early growth.

Sceds germinale best after physical scarification that allows water to penctrate the seed coat,
A practical procedure (o accomplish nearly the same effect is immersing sceds in hot water
and letting them soak and cool for 12 hours.

Propagalion may be by direct seeding in humid areas on uncempacted soil, with exeellent
weed control.  Bare-rooted scedlings may be used on good soils with adequate humidity.
Stump plantings, with roots and tops pruncd, may also be used. Containerized seedlings
grown in the nursery for 6-12 weeks are the most desirable for reliable establishment.

After harvest al age 5-8 years, regeneration by resprouting is possible.  Recommendations
suggest cutting stumps (o 10-30 cm in height, pood weed control, and later thinning of
sprouts ta 2 or 3. This needs Lo be tested in the Dominican Republic 1o determing how to
maximnize value.

Protect the plantation from the invasion of livestock. Cattle, sheep, goats, horses and mules
all eat leueacna, apparently as a first preference.

Keep the trees free of competing vegetation during the first two years. After two years or
less, crown closure shades out most competing weeds, but vings should be removed every
5-12 months,
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Discussion of Oiber Species
Encalypius spp.

Theve are severat humdred species of cucalypts, all of them native (0 Australia or islands just [0 ils
north and west. Reeent books an the penus scem 1o avoid indicuting aoy definite number of specics or
subspecies, probably due (o the vueectiinly snd comtinuing revision of the axonomy of the genus.
Cucalypts are very diverse genetically, witl species that are suitable to almost any environment in the
tropics or sulbtropies. More than 120 speeies have been planted around the world for more (han a
century. About fen of these comprise the great mass of plintations: guealwptus gramdis, E. saligna, E,
globelus, FL conabdidensis, B tereticomis, £ wophytle, E. robusie, £ maentata, E. ponicwlata, E.
viminalis {Ehlls and Brown, 1984).  Jacobs (197 repocied that by 1975 plantations of cuealypls
outside Australin were producing nine Gmes the volome of the annual harvest of the oative stangds of
the penus in Austradia, This genos is commercially or expeimentally planted io W08 nations,

There are individuals whe warn agalast the use of this penus, wsing arguments and speculations
atront what dangers could possibly aceur. However, there is relutively Little technical proof of (hese
claims {FAC, TU83, 1986, Much of the misinformation i speculation is based uron extrapolations of
charactenistic of onc or a few species o the whole penus, FExpansion of suppasitions or observations
from a few places 1o all siies also creates false impressions. A major factor in the anti-cucalypl
sentiment 15 the opposition 1o conversion of diverse Torests (oo "monocullures” of exotic specics. This
eoncern 15 valid, regardless of the kind ol tree, crop plant or pasture grass.

The miggor vilue of the cucalypls for plantztions i in covering old agricubtural elds or worn-om
pasturcs eluse to populition centers, 1Uis probably not practical and cectainly net recommended by the
aulhors Lo cut @ diverse nalive forest aud replace it with a eucalypt plantation,  Rather, the plantiog
cllore should be 1o reforest or afforest arcas that are nat now forsated. Eucalypis con help o put
unproductive lynds back ot more praductive condition. 10 will add organic matter deep into soils
through its roots and leal-Jall. 1 can help protact denided watersheds and eradable bace slopes. It
tray alsa he the most proftable use of many Jands owned by private or public entitics,

The emphasis of this research progean has been 1o determine which species can st be used o
plant deforesied lands, never ww supplamt the existing forcst,  The Dominican Republic needs to
urgently expand its furest area, for many reasons, The cucalvpls and other species recommended here
are amang the most productive trees oo carth for meeting (his urgent need,

Table 33 succinctly summarnizes the behavior of Evcefyptus spesics in Domini<an trials. Belore
ibns rescarch program was started, FORESTA had panted an unidentificd mixtnre of eucalypis on o
highly visible areu north of Vills Ahagracia, Hs poor prowth created a general apinion that (he fenus
was nol productive in this country, The experiments of (he woodfuel research program indicate that
same ol ils species are among the most productive of any of the species trivl, if properly managed and
matched to the site,

Acacra seleronyla {candelin

This endemic legume s almost unknown to svience except botanically, Tt is a popular firewood
and charcoal sourcy from the diy forest, Becawse it lacks spines, has dense wood, fairly reasonable size
and appears (o be 4 fight-demanding, aggressive species, it was chosen for 1984 trials in Mao, Santiagn,
Ténico, and a fow other dry locations,

[n the: first years, the specics made Jittle or no progress, 1t died in initial prowth rials ic 1SA. The
only measurable success was in small trisl plantations on deep soils, tven though the tree regonerites
naturally in Mao on road culs and other exposed sites. 184-2 and Mao Compartiuent [ prwcluced Lrees
of nearly 3 m o height at 3.5 yeurs, with aboul 66 pereent survival, The average height growth was very
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little or nonc in the lest year, Ta JSA-2, alier 4 months, many of (he trees could rot be found or
appeiired Lo be desd, Survivad was estimaed to be 43 percent, Al ape $ months, however, the trecs
began Lo add leaves and steenpthen the small stems, elevating the survival estimate 1o 74 percent.
Appreciable but sl height growth did not accur unti] 1986 (Table 34),

Table 33, Gienerad perdormance of Encaliptes spp, in trials,

Expericnce

Best sites

svold

Specios
E. robusta
E. urephiylla

grandis
saligna

citripdora

Bismsiana
cloeziann
terobicornis
Cilnl dulen=1is
torrlliana
plobulus
slideroxylaon
pellitn

maculatra

paod
gaod
poad
Alimibed

gaod/limited

Alimived
7/ imiced
goodd

vetry pood
good/limitced
poorslimitcd
poor/limitcod
7/1limicad

poor/limited

houmid
semi-humid/h
humid/acid
semi-humid

sami-humid

semi-humid
humid/semi-h
semi-arid/s-h
semi-arid/s-h
sami-arid
none Cound
artd/sem{
semi-huamid

seml-humid

dry/semi-arid
dry/semi-arid
dry/semi-arid
dryfsemi-arid

dry/shallow
soils

dry

dry, humid

local seed

shallow soil

humid

dry

Table 34 Height of scocta seleronyla in Santiago plaotation

(1$4-2).

Date Height (m} Survival (¥}

Planted May 1984

Mareh 1986 (+.58 74
Jan. 1987 1.75 56
Jainn. 1988 2.82 71
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This height s much lower than the Letteaena fencocephata planted at the same tme on the same soil: i
hite) an averape height of 10 m by Yanuary 1948,

In Maw, the small pluniation of ahout 100 trees on deep, well-drained soil had a similar beight and
survival.  The fotlage was a deep, vivid green with vigorous crowns,  Here, the trees are growing
alonpside a stand of Casening equisetifoliy |buc apparently died of drouglit at ape 2 vears,

Sceds collected tn Maa were perminated and grown io (e greenhouse in Indiang for 32 weeks by
Borges and Chaney (1988}, Mycorrhizal inoculatan significantly improved the growth of Lhe scedlings.
Endomycorthival Tung wsed were Glomus macrocorpum, 3. fascicutamny, G mosseae, G. eiinieattim,
G epigacum and Gigaspora margarita, The tnoculated seedlings continued (o increase in height during
the 32-week test period, while the nonmycorrhizal scedlings did not grow in beight after the first six
weeks. The same clfeel was observed for shoal and roor dey wetkght as well as the diameter of e raot
callar. The pereentage of the roots infected was closcly malched o the pattern of growth response,
regardless of the specics of fungus. Thus, it was impossible 1o detenmine if the growth respomse was u
Minction of inherent efficacy of the lungas specics, to the aggeessivencss of the tunpl, or a combination
ol these Tuctors (Borpes and Chaney, 1984).

Casnarting eguisetifolia

Various experimental plantations of Casiaring equisetifolic in Mao have suffercd gradua] drying
and death aiter the first or second year of vigorous growih,  In the majority of the cases, the first
manifestations of the problem appearcd wt about 9 10 12 monibs of ape, when the plantation was
already well catablished, A the plantations observed were o deep, well drained soils of medium
texture, The climate is dry, but during the Brst year o two of the plantations (1984-1986), there was
maore riit than the normal 750 mm per year, Ino 1986, afier May 13, there was o deousht that Listed for
abou # manths, The casvarioa problem appeared during (he summer of 1986 and was reported as
serious in lute Seplember, afier only 4 mooths of drovght. The trees also dicd in rocky soils at
BaA-Rio. After a good start from Jarge seedlings, one year old trees By also died.

Other plantations in the Mao Experimental Forest also demonsicated high mortadity, The initial
growth trials estaldished in May and Seplember 1984, had no casuaring tree that could be eonsidered
as healthy after two yeacs or less of growth, althougl they weee planted in a rundom mixiuoe with 11
olher speeies that remaiocd healthy, The vield plots of the same dates contained mm e green teees, but
almast e was really bealthy. Laier examination in January and June 1988, indicated that very few of
the [rees were alive. Casuaring cunninghtamiana planted nearby showed better than 50% survis al.

Several small plantations eontaining curefully-inoculated nursery seedlings still had some of the
Irees slive after two years, bul the negative conditicn was still present in a majority of the (eees, even
those that had been imoeulisted.

The experience in M and ISA was different from that in other parts of the conatry with this
species. Faleonbridpe Dominicana has planted many hectares of Cuswaring equisetifolia and oiber
species of the same genus an ming spoil land with excellent resulis aed Ligh survival rates over a period
of live years or more. Omamental plantations in several places, mast notably cast of Santo Domingo,
have pood survval. Ao experimental plantation in very acid soils and high rainfall near BI Valle,
Sabwna de la Mar, also has sundved after Lairly high mortality during the establishment period,  This
plantation lacked nricnts and inoculation with nitrogen-fixing acleriy; when the bacleria were
introduced, discolored (but ot dried) trees immediately responded with o healthier appearance and
vigaronls growth. A 1-year old planiation a1 Cacique, Moncibin, not far from Man, alse shows execllent
vigor.
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Varions examinations of the stands in Mao have confirmed the problem but none offered a
selution or identificd the cause. In December 1985, pathology professor Pedro Jorge and the senior
author examined the oldest plantation (May 1984). Al the affected plants showed similar Rymptoms,
slarting with a darkening of the bark at Lhe base and progressing up the tree.  Same of these dark
patches were spotled with a whitish color,  Many af the trees had cracks in the bark, without the
presence of cxodations. The leaves (branchlets) gradually discolored at the Lips, Lurning orange {this is
nol uncommon uor irreversible in wany of the tress that suffer temporary drovght o nutrient
deficicney). The diseoloration progressed and the orange color turned 1o a brown, dry appearance;
evenlually, the whole tree turned brown and died,

Isalation and cultivation of plant tissues in the luboratory revealed no causal agenl. At (his time,
the 1.5-year-old stand was inventoried: 18% of the trees were dead, 33% were sick ar damaged and
48% were considered as unhcalthy or doubiful (slight discolaration of soine needles). The mortality
appearcd in various parts of the sinall plantation, without a specific arca of concentration ar center of
spread of the phencmenon, A second sampling of the same plantation in Septeraber 1986, indicated
that 99 pereent of the trees were dead or almost dead and the remainder of the trees showed signs ol
decline. In the damaged trees there were some physical wounds al i height of 0-50 cn on the trunk.
Wilhin these wounds, normally covered by bark, there were coleopters of 3-4 mn in lungth, Small ants
were also present, Entomology professor José Diaz Patxot and the resident advisor kypothesized that
these insects were probably not primary cavses of the problen.

This symplomology occareed in trees that apparently had become well-cstablished and were
growing vigorously. In Mao, this species grew reasonably well during (he first year, reaching heights of
Prolm. his growth during the second year, i not-aficeted, was indicative of good health, a sirong root
systemy, and favorable growing conditions, many of the trees reaching 3 (o 4 m1 in height before
succumbnmng

A clear dingnesis has not been mude. No similar symptoms were encountered in the available
liicrature. Among the possible conses, the observations below represent the thinking of the rescarch
leam:

1. Inseets probably are nol the primary causal agents of the damage.

2. Apparently it is not a problem of deformed reols or poor planting practice;
excavations indicated that the roct sysiems were vigorous and well distributed in (he
s0il.

3. There was no clear evidence of nematodes, although this subject was not
exhavstively studied.

4. The sympromalogy of the oldest trees seems (0 be related o {ungi, bacteria or virus.
The loss of bark and the tumelaction of ecriain parts of the (ree and eventual drying
of the wood suggest the effect of pathological organisms, However, two sets of
laboratory cultures did not elearly manifest any causal agent.

5. It is possible that a lack of bacterinl (Frankia spp.) nodules on the roots ar of
mycorrhizae hos lefl the irees withoul adequate vipor or delense.  To the first
plentation examined, 4 scarch of several rool systems produced no nodules.
However, laler occurreoces of the malady were in plantations with nodulated (rees
{(perhaps not adequatcly).

6. Drought s o possibility, although it scems sirange (hat this species would dic oul
when other species of similur deoupht tolerance are thriving under eanctly the same
condilions,
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7. Insome trees there were slight wounds probably caused by machetes or planling
toals, bul this is not thought to be the cause of gencralized mortality,. Examination
of the woad indicated thai there vere some small infections that were
compartmentalized in the wond, bul no serinus rotting. The possibility of planting
or tending damages heing, (he primary cause is made remote by the fact that other
species planted by the sume personnel are (hriving all around these several
casuarma trials,

The technical Lterature encovntered does not indicale many serious problems of mortality of Ghis
specics. To the contrury, it :s known lor its rosticity ender difficult conditions. 10 is utilized in Tndip
and other countrics (o stablize dunes. 3t is known 45 o specics with great adapitibility (o eduphic and
climatic condilions {Midgley, Turnbull and Johnston, 1982; National Research Council, 19843,

Becawse of these cxperiences in Mao, as contrasted te the generally positive puerformance of
casuaring in other parts of the coantry, the Program rescarchers reserve their opinion abowt the use of
Caswartna equiseiifolia in enerpy plantations, cspecially in dry zonss with neutral ot basic soils, The
subject deserves greater study of the literature and a continued scarch for the causal conditions, A
supgested slarting point for a solution is more carcful experiments with inoculation with Frankia spp.
and mycorrhirzac.

Metia azedergeh - violcla or chinaberry

This species is nol considered a good chareoal ar Tuelwood tree, but it is a vigorous escaped exolic
thal bas shown variable growth and form. 1s seeds are readily available. The tree was planted mostly
in Santiago on avariety of soils in ISA-1, 1SA-Rio and Barrio Lindo.

The hest carly growlh was in a pilot plantation in Barrio Lindo. The soil was droughty,
compacted from grazing, very deep with a sandy layer below the first meter. Plowing with oxen was
used for site preparation; on areas where there was no plowing, the irees died. The plantation was 2.5
x 2.5 m, with alternate rows of Eucefupins cantaldnlensts and Melia azedurach. The trees were planted
in January 1986, cnjoying a bricl rainy peniod followed by three months of drought. The initial idea
wils 1o have the violeta serve as a nurse or spacing crop for (he cucalypts, removing it as the trees gol
larger 1o pive more space to the encalypts. However, almost all of the sucalypts dicd, while most of the
violcta survived on the plowed arca. In Junuary 1988 the trees averaoed 4.37 motall. Two-thirds of (he
stems had one stem, 26 pereent had twvo and & percent had three stems. Form was vanable, Surival
was B8 perent.

In I5A-1, the specics purformed well in the initial growth (rial, despite several visits by goats which
destroyed other specics  In a pilot plantation in 15A-1, the tree performed erratically, sume growing
very well, others dying hack and resprouting and still others dying out.

[n yield plots on sandy soils of 15A-Rio, the troe started very well, but became luss attractive with
Ume. At age 3.5, vialeta reached 4.9 min height, 4.8 cm in digmeter but with only 39 percent survival,

Nursery Proctice

Buth practical experience and experiments provide the bases for the obsurvations and suggestions
aboul nursery practice. At the (wo program nurserics, in ISA and at Mao, a conservative approach was
used, following nureery practices that were well undurstood and that used lacally availabl: materials.
This assurcd a margin of error and produced the scedlings needed for experimental plantations.  As
the program developed and the rescarch stall examined nurserics i the U8, Hzitl, and Brazil, various
Irials and comparisons of alternative Lechnigues were introduced.
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There are wo dufinite recommendations offered for all ~wies; nursery practice is flexible and a
matter of prefecenie according te loeal needs and conditions.  For zxample. in Haiti, very compucl
seedlings in Ight-weight rooting medium are prefereed so that farriees can carry large nombers ol trees
with vase, Rathar costly nursery systems are used i the interest of getting many seedlings 1o the Feld.
Surdval is low, cline 1o 50 percent. On the ather hand, in Brasilian industrial operativns, hiph survival
15 duesired and elticient (ransportation systems arc used, so heavier plastic bags Glled with soil are used
in many oporations. Sanc fems wse different conlainer systems thid reduce handline costs.

Fantiners used in 15A and Mao were wmusily 4 x 6 inch Blael plastic bags filled with soil {Figure
93 Thus mettund has Beon wied for years by nurserymen o the gewverement ind 2'lan Sicrea nursesies.
The bags are relatvely incxpensive, manulactured in the coantry and can be gsed to make a nursy
virtwally angwhere thaee is water end sun. The major disadvontage 3¢ that cacl bag s handled
sepamatedy or insmall groups of 53-7 when leading trucks and carrving to the planting site, unless spacial
torazs are il

Cber eontainers trierd wors Rootrainers (Fieure 32}, made o Canada, and several types of plastic
blocks and tubes, all imported.  Eack luoctio s well. The commercial nosseey "Los Arbelitas” uses
several of these with sucess. The sinalier the eontainer, the more eritical 35 the tming o plimting,
Trezs cannot be leltin the aursery for very long periods of time past their target nlanting Jdale or they
will sulfir.

Fignire 22, Rootratrers in nersery at Muo.

A common prohlem with many containers, notably the plastic bags, is that the roots spiral around
in the bottom of the bag nntil they find a hole; then they grow into the grovnd. The Rpotrainers and
several other systems are clevated above the soil, with small hales in the bottom of the container,
Thus, the roats cncounter air and do not continue (o clongate. This it an important princigic that
could well be incorporated into any large nursery system.
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Cosl is a consideration with any nursery system. Plastic bags are used once and discarded; if nol
picked up after plioting, they create an unsightly plantation. The more rigid plastic containers are
carried o the feld, emptied aod retoined for reuse in the nursery, There is normally some damage Lo
the semi-fexble "hooks™ in the Poatrainer system, amaunting Lo perhaps ten percent replacement,
Rucause these arc imported, therr cost may be high by the time they reach the oursery,

Nursery "soil” ur subatrate currently in use in the Dominican Republic ranpes from mported peat
moss and vermiculits (0 topsoil plus maaure. The former reguires regular application of ferfilizers,
The latier ewrmes the potential problem of damping-ofl diszases.  Scedbed sterilization procedueres
runp: from theareteally ineffective Boodiog with hot water to wse of chemical seil sterilants. In m aLy
cases, there is vo Ireatment. There is @ oced for much more complete study and development of
priclices and their net costs,

Beynuso and Abeéa (1934 reported on i study of substretes in Mao  The most produrtive in 1he
seetibrd dependid npon the species of tree used. Three feperes with Gairly lage sceds were (ried:
Cassia sigmea, Prosopis jiffors and Acacla selerepla, OF the ten mixes of sand, soil, rice hulls and
cured mannre that were usied, e prodoved lange seedlings in all vases; 3/4 sand and 174 black soil.
This applied only 1o the gerpdnation bed snd the aonthors recommended forther studies of the mix Tor
contiencrs. To practice, misitre: of top soil and sand were ussatly wsed in the plastic bags and
COOLT ey,

ioan unpubleshed stndy nd 354, Rosado compared sulstrates of biack soil mixed with vermicalite
or sand. A commercial NPR fentilizer was added te the plastic iube containers wt 3 g/seedling,
scedliogs of Encalipiis canneddiedensis prew the Jargest in unfentilized soil plus vermiculite after throe
motiths 1n the nursery, reaching 9.5 om in beight, Scedlings prown o te Fertilized substrates were
sharter and showed 20 percent maortaliy (Table 35),

Table 25 Heights of Eecalyprus camaldidensis scedlings in differcent
nursery subsirades after 3 months.

Subsrrate Height {cm)
501l + vermiculite 19, 5a
Sc¢il 4 sand 16.2b
Soil {fertilized} 14 &b
Foll + wverpiculite (fertilized) 13. 2k
S50il 13,2k

Avarage heights follawed by the same letter are
nob: stavistically different {p = 0.059).

Herudndoz and Boniily (1983) tested bug containers and Roolrainers wiing six subsirates with
Casuaring equisetifotia, Thay mewssiced height and (ol biomuss every moath for fve months,

Survival m Rooteatocrs was tower Lthan in the bags. The secdlings prodoced in the bags were
taller and heavier than seedlings produeed in Rootsainers {Table 36). However, the roots were better
distribuied wnd formed in the Rooatrainers and the anthors recommended 1heir use, despite the
significant dilfe rences between average heights and weights in the two containers, They found that the
roots weighed butween 34 and 5T percent of the tops in the bags and 2349 pereent of the tops grawn in
Romtrainers.
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Table 36. Periormance of Casuaning equisedifoiia seedlings in two types of containers and six

subsirates.
Flastic bags Rootrainers
Tep Tap
Survival  lleight  biomass  Surviwval Ueight  hbiomass
Substrate {8 fomh (g (g {em) (gl
Bagasse + manure 100 32 3b 1.04%a 596 28 Ta .3E%a
Soil + manure 88 g 3abh 0.879ab 58 25 6ab  0.150hL
Suil + rice hulls Ba A0, Ba 1.000a 75 21.7b d.173b
S0il a7 M.6ab 0.941a o6 21.3be 0.125hc
50il 1 bagasse 9h 23.2c 0.320c 79 16 4= 0.080c
Bagarse + rice halis BB 4] .2a 0.758b 67 16 4c 0. G4
Average 35.3 21.8
-I:HL‘EIJ._IE‘: In & column followad 1Y the same letter are not significantly
alfferent according to bhuncsn's multiple range test {p ~ .05).
Sceurce: Herndondez and Boniilla, 1985.

Anather study of substrates showed marked differences among five mixtures in affeeting the
development of b native speeics, bructn (Cussia emurginata) and eandelon (dcacia sefgronytal. They
were dircet sceded in plastic bap containers,  Gonzdlez (1987) used six criteria (v determine that
bruzén performed best in a mixture of sand + manure or sand + manure + tice hulls, On the other
band, candeldn did best in Mack soil + sand. Both specics produced the taliest seediings with the sand
and manure mixes (Tabile 37).

Table 37 Average top and root lengths at 60 days after sceding for Cassia
crmaninata and Aegeig sclerogila in various norsery media.

Brucdn Candeldn

Substrate Top Rooe Top Root

om cm cm Cm

Sand + manure + tice hulls 12.0 25,2 20.2 23.0
Band + menure 17.2 29.0 248 20.3
Black soil 8.5 25.0 1E.0 21.5
So0il + sand 5.3 2.0 17.2 272
Sand 5.2 iz.7 11.8 28.5

Sgurce. Adapted fvom Gongziles, 1987.
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Adjustments for overgrown seedlings are necessary. It is almost inevitable that, even in the
bust-managed nursery, some seedlings will outprow their containers,  Delays in planting due to
weather, fransport or operational problems may keep scedlings in the nursery too long, Some specics
can be roat pruned and correspondingly tp pruned before planting out.  For other species, the only
solution is anticipatory,  Helore they reach planting sive, applications of water and leeiilizer can be
slowed and the trees witl reduce the vipor of their growth and pechaps "wait" in (heir growth for Jater
planting time,  The finat effects of these treatments on the success of the planted trees should be
studizd more careiully 1than was passible during this program.

Spacing

Spacing between trees io a plantation is a funetion of several variables; the site, the fnal products
of the plantation, the iecal costs of establishment and (wnding, and the market for small wood products.
Likewise, the characteristics of the spedies, including growth rates and tendency to slagnate are of
paslicufar concern.

Aftcr many decades of trials and discussions of spacing in plantations in Brawil, Germany, and the
sonthern United States, there s oo wne clear answer.  Although results of volume productivity at
differcon spacings must by cvalnated before final recommendalions can be offered for (he Dominican
Repubiic, the reasening, prelimicary evidence and recommendations are presented as an interim guide.

spacimg experimets were established with seven speoies and Lhree approaches. Nane of (hese
experiments is yel ready for evalusion of the outeoms:, since the returns from differentially-spoced
plots are importeat 1o compare the relative costs,

Species and Trials

Five species were used in establishing (raditional rectangular plots at discrele spacings. Four of
these were located at E£1 Valle, Sabana de la Mar, on relatively infertile soils. They were invalidated by
high levels of mortality i Caesiv sfemea and Eucalyptus citiodora. Mortality and slow growth have at
least partially damaged (he teials in this location with Evcalypius robusta and Casnarina equisetifolia.
However, the application of fertilizers to the ong-year-old trees bas produced Giirly tapid growth in
these two species. Alhough the results will be, at best, only sugeestive, (they may give some eventual
indications of the relative value of closer or wider spacing on this type of “difficul™ soil,

The filth experiment of this type is locatzd in Santiago oo sandy soils at TSA-Rio with dzadirachta
fndica.  This design s demonstrated in Figure 23 and is representative of the techoigue, 11 uses a
eompromise belween a lixed area per spacing unit and a fixed number of trees per treatmenlt, neither
of which is very workulde alone. This design altows the comparison of Tour rather disparate spacings to
be replicated four times on a relatively compact and uniform site.  There are enouph trees in cach
spacing to allow statistical analysis of valurne produced, whils conlining the experimental design to one
topoeraphic conlipuration.

Angther serics of square plots with Azadirachia indica was sel up al 15A-Naranjo [or later
cconomic studivs. Spacings of 1x 1, 2 x 2, and 3 x 3 in plois 25 x 25 m {onc tarea = 629 mz] WrTE
repeated four times. As operations procced, they are Lo be reeorded for costs; the cventuzl volume
yield also will be reeotded at harvest,

The third sct of plots are the Nelder wheels Jocated at ISA and Mao lor various species (Figure
22). They were established according w computer-generated desipns supplicd by Heather Palmer from
CATIE. In 13A-1, wheels were established (or Encalyprus camaldulensis, Leucaena tencocephela and
Azadirachta indica; the hrst two speeics sullered damage from livestock bt replacements may make
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them viable by age 5 ar 6. In Man, Nelder wheels were established for Azadirachta indica, Encalvps
camaldriensis, Lewcaena leucocephala and Cassia sismes. Mortality of a lew of these trees may affecl
some of the repetitions of these wheels,

Imporianer of Spacing

Brewhaker and other have recommended plantiog at 151 n spacing with Lenicaena lencocephale
for firewaod.  This produces quick site eoverage and reduces the number of weedings necessary,
During the first or second year, it achiaves carly “full wilization” of the site.  This recommendation
must be considered in hght of costs, ngt benefits, amd the need lor a rotation-long "full wilization"
concepl,

For close spacings, the cast of scedlings and planting are very high per hectare, At 1x 1 m
spacing, 10,000 scedlings are used for each hectare, while only 1,111 are usel at 3 x 3 spacing. Thus,
the costs of buying, transporting, and planting arc nine times higher for the closce spacing. These costs
amounl to at deast W% of the establishment costs o the first (vo years.

Al clase spacing, it muy be necessaey 1o thin out 3/4 of the dense stand afier 1 or 2 yoars of lose
many of the trees 1o competition,  Thus, 4 cash marcket for {oliage or very smali sticks (1-3 cm
diameter) would be required to justify cluse planting,

In the shsence af such markets, wide spacing, such a2 5 2, 25 x 2.5 ar 3 x 3 m is recammended if
the cost of seedlings, transport and pianting exeteds the savings in weeding costs,  Wider Spacing
concentrales the harvestable volume on fewer stem and the total will probably le cqual or preater than
i hectare of clasely planted trees, This fact is related o the comeept of full site wiilization during the
retaion, On a 7 year culting eyele, it is nol vital and muy be undesirable that the site be Mully occupied
during the tirst tvo years by the trees. As trees advance in age, they prow in sive and root volume, thus
requiriag space and soil volume on a gradually increasity basis througn the years, By fully oceupyinp
the site during the first year or two, the trees may be interrupted or stagnated in their growih, Only by
quick removal of competing trees will the remaining teces be able to continue rapid growth. There is a
nafural ccononuc tendeney Lo thin young stands by removing the largest trees, whick are the most
merchantable. This may leave a sland of yourg trees that is inferdor in growth pertential, form and
vigor. Although forestees can theoretically discuss thinning from below, that is, removing the smallest
and the poorly formed trees, ihe teadency in a youny plantation will e 1o achicve an income o write
off the costs of the plantation as carly as possible.,

Two commercis] plantations of Lencaens fencocephala K-8 in Puerto Pliats were direc seeded w
1x 1 mspacing. By age two years, the canopy was closed, Hy age 4.5 years, many of them showed the
cffeets of competition. Al the trees in the interivr of the plantation had small digmeters relative (o
their height, Comparcd w g plantation spaced at 3x3 m in drier conditions in Santiago, the diameters
are much smaller in relion 10 (heir heights (Tuble 38). Althougly these sites are ot directly
comparable, the point is clear that more open spacing will jroduce trees with larger dinmeter withous
szerificimg height growth, Three fairly apen grown trees at Camad gave some indication of (he potential.
They had an wverage dinmeter of 16,1 cm and beight of 11.9 m.

Sucvival was excetlent 3o plantations so eloscly spaced, with 859 af the trees stlt alive in Los
Daminguez. The Camid survival was cslimated as 705, The presence of suppressed trecs, those with
dying lops and those that were very slender and wertopped, was clear al the January and Junc 1988
inspections. Trees ob the Borders of the plantation were noticably larger than those in the center,
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Table 38, Dinmeter and neights of sompled Leucaena fencocephala trees at various

spacings,
Location hpa Spacing Diameter Height D/H
{yrs) (m) {cm) {m)
Camt, Puerto Flata 4.5 lx1 5.7 10.4 .56
Los Dominguez, P.P. 4.5 1x1 5.9 9.9 L
IS4-7, Santiage 4.0 Ixd 10.2 11.3 .89

There is still & questinn whether these closely spaced trees will stagnate o their growth or whether
suppression will produce a takeover by dominant trees. Both factors scem (o be operating. The small
average diameters and lack of any large trecs supgest stagnation,  ‘Thal some differentiation is
occurring is evident from a few suppressed trees showing dichack of the tops.  Ar present, the
Judgement is that close spacing severcly inhibits the diameter growth of all of the (rees and that
domimanee and suppression will develop more slowly, “The lack of marked differentiation is probably
related to the geoetic uniformity of (he anc-cultivar stands. Wider spacing would probably produce
larger, mocy valuable trees io the some time.

Wider spacing reduces the most important cost factors, the scedliug and planting cost and the
harvesting/bauling costs of the final product.  The Tatter are high, 2specially when handling a large
mimber of small stems instead of a few larger siems, A summary comparison between a close spacing
and a wide spacing is made bebow:;

Close spacing (1% I m): Wide spacing (3 x3 m):

10,00 secdling /ha L1171 seecllings/ha

Weeding-2 times in first yea Weed 4-6 times in two years

Thinning possible at ape 2 or Harvest fewer, Iar§ar 1recs,
4 years--income or cnst. at lower cost/fm

Hancst many, smaller trees
at hipher cost/m’

Weed Control

The second must Bkely source of fajiure of plantations (atter livestock) is from inadequate weed
control. The vigor of weed growth was variable among the program’s different experimental sites. In a
few, the soils were so poor that no control was done during the fiest year: tree erowlh was extremely
slow an these poor siles, schlom reaching T m in the first year. Io better soils, where Tuchwood
plantations have i chance Lo be cconomuwally profitable in a short (5-10 year) rotation, i is necessary to
eritrol weeds severst times in the ficst two years,

The effects uf weeds are several, as ohserved by Burgas aod Diloné (1986) and the rescarch team:
1. Climbers and vines wind around the trunks and crowns, deforming them {Figure 33)

and sometimes bBeeaking (hem.  Vine removal is eriticad even nto the third and
{ourth year,
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2. Grasses and forbs compete with young tree roots for water and nutrients, reducing
growih rales dramatically in the {irst year or two,

3 In seme cises, weeds oom shade out young trees, reducing growth potential, This
viswally abwious clfect is probably much Tess importani thao the rool competition,
since most of 1kse trees receive sulflicient soelipht cven i1 slightly overtapped by
Erasses.

bMetheds of weed control inctudy "movang” with a long, narrew machete; woeedine with a hoe or
Benad diprngr machete; wid appleation al herbicides,

The "mowing” (chapeo} treatment s mostly usclul to remove vines, shrubs and very large weeds,
Itis useful as o step in site preparation, By offect oo rool competitian is probably neglipible. Tis effcet
i mited since it merely cemoved part of the tops of the weeds, leaving the living roots and sprouts to
continug competing with the tree roets. The mewing docs improve the appearance of the plantation,

Having remonves some of all ol the raots of the weeds, 1 owas normally used in the trials o
maintain clear decles sround cach teee, This is recommendesd as the safest, wost practical, effective
and efficient petlosl under curcent Domimenn conditions, Care muest be taken not W cud tree roots by
deep hoging neur the tree.

Hurbicides have the advantigre of quick application with relatively bow manpower, It keeps dead
roots in place, thus sedueing crasion potential.  The cffectiveness varies with time and skill in
application, as well as with weather conditions and the herlticive seleeted (Holt and Finke, 19851, The
appliciation of the chemicals near simall secdlings resulied in mortality (o about 10-20 percent of the
trees, due to aecidents in application, despile proper cquipment and instruclions.

The results of studies of weed control v (his project are preliminary.  Cost data were eollected
from several of tie weed control aperations und appear in the section on cost analysis,

Bt sludy at Maw-10 with slzadirdedita iadfea, five iecatments Tor weed control included:

17 Matregdimend

2} Hoeing a circle around cach tree

3 Hociog a ergle and mowing (macheie) the rest of the areq
4y Applicadion of a contact hedbicide {Paraguat}

5 Application of o sysicmic herbicide (Roundup)

Twemy-live trees per treatment parcel and foue replications were used in randomized complete blocks
of 3-meath obd trees. Vaviables measured were 1) pereent ground cover around each tree, estimaied
by three observers and averaped, ot 2.5 and 10 months afler weed conteol and 2) beight of onc-year old
trees, nearly 10 months after weed contenl. The weed controls were effective two months afier
application, bul had virmally disappeared by the 10-month measurement.  There was no readily
apparenl advanlage to the chemical treatments over the mechanical methods (Table 39).  Height
prawth wis not appreciably affected, which may be purtly related to reem's normally slow heipht
gronwth it fival youe

In the varions cther trials with herbicides, (he types used were Gramason (paraguat}, Roundup
{elyphosied, and Arscoat, There were also sample tials of Poast, Fusilade, XRM43570, Esteron BE,
and Surllan. The puraguat "burns” the tops of plants contacied bt does not kil the roots.  Roundup
and Arseaal are systemic, killing the whale plant, These four must be applicd with great care in young
planlations, since they can kil or retard the trees if the herbicide is allowed (o contact them, Poast,
ARMAI70 and TFusilade are cxpensive gramacides that have litile effect on broadleaf plants; they ean
be sprayed over the trees with refative impunity.
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Table 3. Relation of weed control methods (o ground cover and height
at 2.5 and 10 months after (reatments in Azadirachia indica
plantation in Mao,

Ground cover (%) Helight {m)
2.5 mo. 10 mo. 1% mao.
No treatment 56 64 1.16
Roundup 232 b2 1.14
Hoe and Mow 1 61 1.23
lloe 15 a1 1.08
Paraguat 26 50 1.24

Herbteide comparisons were made by ohservation in 1SA-Rin, Roundup {19%) had a 2-3 month
elfect similur 1o hoeing, Paraguat (2%) had the 3-month cflect of knocking back and slowing growth of
grasses. Arsenal (195) kept the sprayed cirele elean Tor seven months and there was little computition
even wller a year.  The Eucalyptus camaldwlensis trees {1-2 m @i, however, suffered severe
retardation of groseth for ane year and several died,

Arsenzl is oot reconmendud for post-planting weed contral at present. It was tried successfully in
pre-planting with Cesnaring crrninghamiana in sandy-rocky suil in 18A-Rio, The trees were planted 2,
4 and 6 woeks alter herhicide application.  Survival and helpht growih were equal for all and
approximutely the same as in an adiacent untreated plzadation, Unfortunately, this experiment was lost
to fire after six months; it appears, however, that 2 Bght application of Arsenal several weeks belore
planting may work for Casrearing spp. This should he triad experimentally again beflore wholesale use,

Timgliness of weed control was & major scheduling prollem with all methods, Weed growth s
most rapid during rainy periods, which is the timz that laborers arc occupicd in planting work, Quiside
laborers are often involved in agricultural activitics at this tme, so they are hard 1o contract. Most
herbicides are pot effective unless they have several hours without rain after application;  durimg
application, there sheald be litle or no wind. I was often difficult to find more thun 1we to ten hours
pet week wath Tavorable conditions in the rainy season at Santiaga.  Thus, planning is important but
must he Aexitle in application o match the variable weather conditipns,

There is 4 need 1o sludy allernative timing stratepics, applying herbicides or hoeing just belore or
after the rainy scason, comparing the tree prowth response with the same kind of (reatment during the
wel period.

Recommendation: After good site preparatior, e weeds in a circle sround tracs, probably Lwice
in the first year and twice in the second. In large pluntations, study the practicality of developing a
herhicide application system. Applicd rescarck on lficts, scheduling and cost efficiency of herbicides
is recommended,

Pruning
Two pruning Irials were initiated.  One is in Mao, with (wo-year old Azadirachta indica and

Leticacna leucocephala planted in Janoary 1984, No measurcments were available, but any dillcrences
were dithicult to observe two years alter (he pruning,
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Another pruning experiment was established in ISA-2 in Santiage. The site is the boltom of a
former pond, with deep, well-drained soil, The pruning of Leucaeng lencocephoia K-8 at two years of
ape removed a!l but one stem below the height of 1.3 m. The result was a single-stemmed main trunk.
The economie ohjective is ta concentrate equivalent volume growth on one slem, thus reducing labor
cosls/umii volume in harvesling and transportation. The trees were planted in May 1984, pruned in
April 1986, and measered in December 1987,

Twuenty months aller pruning, the trees showed no significant difference in height growth, There
was an evident bul not yet major stimulus in diameter growth (Table 40). The stems of the proncd
trees had prown 33 peecent inere than the largest stem of each wnpruned tree, adding 3.4 cm in 20
momths vs, 2.6 e, respectively, Folure messerements of total volume and quality will delermine the
value of the pruning for firrwood, charcoal, and cther produets,

Table 40, Diameier and growil in diameter (em) of pruned and unpruned Leucaeny
feucocepfiala -8 in 1SA-2,

Replication
1 L) 111 1y

DBH 12/87

Pruned 104 10.8 3.7 3.2 10.0

Onpruned 9.3 g.7 4.6 9.2 g, 2
Change in DBH in 20 menths

Prunecd 1.8 2.8 3.0 3.2 3.4

Unpruned 2.3 2.7 2.6 2.4 2.6

Fertilization

Several simple fertilizer cxperiments showed that the addition of small amousis of mincral
nutricnts can make 2 major difference on some sites with some species,

Mot tropical soils arc considered 1o be low in nitragen and phosphorus; that was the case with all
the soils tesled in this rescacch program,  Nevertheless, not all species respondad noticcably to the
application of nutrienls,

The lertilizer teial locations, species and general response level werg:

El Valle {(savanng, pH 4.5}

Cassia sigmea 4 az, 15-15-15/tree. Positive bul inadequate response for application
at 1 month and (separale trial} 1 year.

Loweaeny ucocephale, K-28, K132, 4 vz 15-15-15/trec.  Positive but inadequale
response for commercial use.
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Casuaring equiseiifolia, 4 or. 15-15-15/tree.  Posilive response and probably the
difference between commurcial success und failure,  but only when rools are
mocolated with Frankia spp.

Eucatyptus ciiriodora, 4 ov. 15-15-15/tree,  Positive response but guestionable
biological potential bere due 1o physical conditions of the sl

Eucalyptuy robusta, 4 or. 15-15-15/tree.  Exceptional posilive response, explained
carlicr in the deseription of the specics.

18A-1 (pH 7.3)
Medig azedarach - sligly responsc
I5A-Barrio Lindo (pH 7.7
Meliu azedarach - positive response in survival and height

Azadintchia fndica - no significant response (sec details under carlier species
deseription)

ISA-Avenida (pH 7.0)

Azadimchta indica - no responsc (see detalls under the earlier species deseription)

A simple, small feridizer study was dooe in La Gudzuma, where 8 trees of each of six specics (in
initial growth rows) were fertilized with 4 or/iree of 12-12-12, when the trees were more than one yoar
old (Knudson et al, 1986). The other 16 rows of trees were left unfertilized. The response alter one
year was remarkable, except for Calophytium cataba. 1o ove year, the lertilized Irees of the six APECICs
surpassed the once-farper control irees (Table 413,

The implicutions of the findings of fertiizer trials are that the application of fertilizers may make
a major practical difference in the commercial suceess of a plantation, In some cases, however, it does
little or nothiog 1o incresse the height growth of neem in the ficst (wo years, al least in climatic zomeg
and soils stmilar to those of Santiagn.

The mujor cconomic reasons (o apply fertilizers are cither 1) ‘o assure the production of a
cammercial forest where there is a critical sheaiage of nutrients in the soil or 2} to aecclerate early
growlh s that weed control costs can be reduced. The EL Valle fertilization of Encalypties robiista is a
case of the former; without fertilization, (he species will probably not attain commercial Torest size
within a reasonable time on the savanna soils.  The low cost fertilizer (RD %.05/tree including
application) provided critical clements that permitted fairly rapid growth of the trees. OF course, 1
remains (o be scen whetbur these trees will continue to purform well in the neat fow years s they
appraach eommereial sice. The Light subsoii or the need for additional nutrients tnay becomy limiting
before the trees reach commercially harvestable size.  So far, the recommendation is clearly that
fertilizer is eritical 10 wood production on this type of acid savanna soil in a high rainfall repion.
Sunilyr conditions ¢xist on some of the marginal sugur cane plantations on savannas north of San
Pedro de Magoris,

The use of fertilizers on neem on neutral or basic soils was an attempt to aceelerate cariy growth,
The decse shade of this specics inhibits the growth of most weeds; therefare, accelerating erown
closure would reduce the sumber of weeding operations needed,  The lack of response o the
treatments tesicd suggests that they are unceonomical. It also suggests that other treatments might be
trivd. Perhaps foliar fertilizers would be more available to the plant; perhaps deeper or more frequem
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irrigation would pay off. (n the other hand, the trees may be genctically governed to rematn small
until a large roat system is established und able to support the fast growth that occurs in the second or
third year, as ts imdicated in the literature from India. It would be worth testing the species under
different weed control schedeles. Passibly, the weed competiion has itthe effect during the first vear
or two, cxcep for physical damags fram elimbing vines,

Table 41, Effect on height (sm) of ferlibving 13-month-old irees at La Gudzuma, before
fertilisiog and one vear fater.

Species Fercilized Contrel Fercilized/Concrol Ratieo
Before  Afrer Before After Before  After
Feb 85 Feh B6 Feb 85 Feh 86 Feb 83 Feb 36
Inpga vera 24 41 34 fib G3% 19B8%
Casuatina
cguisetifolia 48 141 B2 72 77 126
Leucaena
leucocephala 4B 203 62 109 73 186
Eucalyptus spp. 79 210 110 148 72 142
Cassla siamaa 15 72 33 51 4L 141
Calliandra
calothyrsus 108 373 182 290 59 129

Calophyllum
calaba 4B G4 54 69 89 23

Source: Koudson at al,, 1986,

Water Conservidion

In arid and semi-arid parts of the country, scedling eslablishment and carly growth are critical in
the lile of a plantation, Trregnlar and scant rainfall in some years may keep the sail from being
adeguately supplicd with moisture 1o support growth of the small, young raol systems. The problem is
patticularly acule on steep stopes and soils thw have been compacted and croded. These are the arcas
that are olien chasen far tree planting lor purposes of conservation and because nothing clse will grow
there,

Several such sites within the [SA campus in Sanliago were found 1o have very little absorplion anl
retention of water. One area In ISA-Pasto, on 4 ncarly impervious subsail, was planted with neem.
Much of it had to be replanted twice in the Grst year Lo replace dead or dying trecs. Qbservalions of
the soil alter periods of heavy rain revealed that the soil was dry below the ficst inch or twe. Thus, the
neem toots had an madequate emvironment in which 1o develop.  Attempls to increase inliliration
involved 1) digging small holes which filled up after one heavy rain and 2) driving broad wonden stukes
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into the soil. A third method was 1o place sheets of plastic araund 1he secdlings (o retard evaporalion.
None of the methods seemed 0 be very cffective on this site, alihough more trees with the plashe
survived than in the control plots,

Two trials to test methods for conserving waier were established in ISA-1 on very well-drained,
vraded slopes; one with Azadirachia indica and the other with Eucelyptus camaldufensis.  Four
treatments were used: control, small catch hasins dug arcund cach e, stones around each treee, and
plastic sheews 1 x 1m arousd each tree with a hole in the cenler, Each had four replications with ten
trees cach, located at random. In both cases, the plastic shects produced taller seedlings and lower
mortality {Tabic 42),

Table 42. Heights (m) and survival (%) io water conscrvation (reatmients after 6 montls,

Treatment fpradirachta indica Bucalyptus camaldulensis
Height Burviwval Height Surviwval
Contral L9 =LH] AR FiL
Etones .36 ap LG5 100
Baszins 62 a0 .73 g0
Plastie A 87 Jhl 100

The technigue of using plastic sheets should be investigated Further as 1o costs and long-term
efficicncy. The installation cost is mercly one of culling the shects, placing them around the scedling
and weighting 1hem dowm with soil und rocks, This is suggested only for problem soils as 1 means to
assure establishment and carly growth,

Livestock

One of the most important non-cxperimental lessons of this rescarch program was that the
presence of livestack in forest plantations will not allow profitable forestry in the Dominican Republic,
It is vital to pretect forest investments from Livesiock,

(routs are a serious impediraent (o forest prowth, In the native farest, they compact the soil and
eat regeneration.  Goats must be barred {rom plantations if there is Lo be any hope for profitable
success from forestry investments, They eat young trevs, bend them, lreak them, ruly horns on then,
peel the bark, and compact the soil, inhibiting wuter infiltration. The same can be said for sheep,
caltle, horses, muies ind bureos, Livestock and forest plantations simply do not mix. Part of the cost
of establishment of plantations and of 1he management of native dry forest is building, maintaining and
patrolling a securc lence.  Employment of lence menders and livestock patrols are essential in most
CHSLS.

some foresters and virtually all livestock owners suggest that animals can be introduced into the
plantation ender certain condiiions; 1) when (rees are fairly large, 2) when irec specics arc
unappetizing to livestock {e.g., dzadiraciita indics and Cassia siateea) and 3) when graving is carcfully
controlied in duration ard numbur of animals. While this may by feasible under ideal conditiong, it is
not recommended, based vpon recent cxpericnee and observation, Livestock managemeni is seldom
canducted i a wiy that would allow the "ideal conditions” 10 cxist. There is Fttle effective control of
duration wird intensity of grazing, even in cxpensive planted pastures and in research inslitutions.
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Physical damage to the trees of any specics and to the soil wiii reduce the productivity of the
forest plantation, probably o a greater extent than it will benehit animal productivity.  Neem trees,
ajparcntly unappealing tn sheep and goats in the Dominican Republic, are vsed as fodder in India,
Sheep (hat escaped into neem plantations at [SA sibbled the taps out of small trees.

When trees are large cnough 1o eesist breakage and bending Uy Fvestock, they will nat allow mnck
forage to grow bencath the stand. Even (hen, cattle and gouts will rub or pee! the bark and cambium,
crealing wounds thal reduce prawth and allow the intraduction of disease,

The peaiod of plantation focmation thar is most appealing (o graviers is (he first (o (hird years,
wlhien trees are smal] and the peass has been allowed 1o flourish, This is the key time to keep livestock
out and 1o cantrul the weeds by means other than animals,

Duning this project, wlmaost every experiment was damaged shightly ar seriovsly by accidental or
mtuntional entry of livestack, [n several cases, the animals staved long enough Lo compleiely invalidate
the rescarch resulls. 1o some, they sooseverely destroyed oe deformed the trees thar the plantations
disuppeared and the cstablishment investment was lest. Thus, cven under (he relutively earelul
procedures wsed in proteeting rescarch plots, it quickly becatne evident tha strong, persisrent and
consistenl measures were occessary o peevent the entry of livesinek,  Despile (he ceruries of
destruetive experience with grazing in ciher parts of the world, emphasis is given 1o this point because
the public ailitude toward livestock is so positive and the experience with forestry so new in the
Dominican Republic. There are many small plantations io the country that have been damaged by
livestack. In 983, it was difficult 1o find really untouched young plantitivons, because livestock was
piven highee prioriy than tree srowth.

The livestock factor 15 and will probably eontinne (v be the mast limiting Lo Torest productivity in
the Dominican Republic, The plinter who secks o profit from forestry must surely invest in protection

front tvestock,

In plantations at I8A which cattle, poats and sheep occasionally invaded, there were severe
damages in the foiluwing species:

+ Aencaena lpucocephale K-8/K-28 are highly favored by all livestock.

2 year old trees (ISA-2) 410 6 m 1all; cows damaged bark an all trees by rubbing horns and
pecling Tark,

1 year old irees (Naranjo) of 2 10 3 m; virtually all hroken, defarmed and defoliated by cattle,
1-2 year old trees (Pastu} of 2 1o 5 motall; sheep peeled bark of all trunks to bare wood,

New seedlings (15A-1) all ealen back by oceasional goal entrivs, retarding growth by at least
nog year.

- Acauie solerovila
Young teces were eliminated feom theee initial growth trials by caitle or poals.
- Callffandra calothvrsns is highly (avored by sheep, goats and caltle,

Land 2 year old trees were killed and virtually climinated from three experiments by goats,
and sheep andfor cattle i [SA-Fasio,
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Initial growth trial trees all died, apparently duc to goats.
- Melia azedurach

Repeated visits by poats and burros resulted in physical damage and multiple stem sprouts,

A stady of the impact of goats on the dry forest of ISA was initiated by Dutch and Dominican
students. The objective was 1o determing the effeas af three levels of browsing pressure on both goals
and the forest.  Identification of cuunges in vegetation corposition related to browsing also will be
made. Proceduris were described in preliminary reports (Kho, van Paassen and Zambuon, 1987, Smits
and Seubring, 1987) but ather data are sl forbeoming,

Agroforestry

Virlually all of the trees mentivned can be grown suecessf ully o association with agriculiurad
crafr. Some tree species offer many benefits for crops and livestock while producing fuclweod, On
the wther hand, plantation costs can be recuperated and reduced by growing erops with trecs.

There are seveeal eppreachas 1o agroforesiey.  FCRAF in Africa and CATIE in Latin America
hav: outlined the varivus abternatives in courses and pullications.  For centuries, traditional farmers
have been pricticing some farm of this arruy of 1echniques. Tlere, the interest is in establishing and
managiog plantations for wood fuel and other types of timber production.  Therefore, the several
methods mentioned inciuvde waod prodaction as o major clements, excent method 4.

L. Plant creps hetween the rews of newly planted tree seedlings.  After the trees are
large enough o shade owt the craps, the apricultural cultivation will be shiffed (o
another area. The plactation property can be organized so that the cropping and
tree planting can cycle through the various sections of the properly on a continuous
basis. Thus, un a 100-1arei (ar heetare) property, 1 tarcas coubd be inter-crapped
and plunted to irees cach year, IF practical, the cropping could be continued for a
steand year in the young plantation, thus cropping 20 ta per vear. If Lhere were a 7
year tree rolation, the property would have 7 tareas of furest plus 30 tarcas
deddicated 1o fruil (rees, permanent gardening, penned pigs and chickens, [orage
trees such as leacacna plus o residence. This is an excellent method o share costs
of weeding during the first two yeurs of the plantation. The income from the CTUPS
will often ofi-sct the coats uf the seedlings and planting, thus reducing carmying costs
and interest charges for the plantation,

2. Another model is that of the hill-side farmes who nceds to contral crosion in his
fickds, supply feed to his pigs and confined goats, and produce firewood for family
e, This ey is wsed in several small farms in the Dominican Eepublic with
Calligndru calothyrsus. The farmers have 10-20 tareas of land (0.6-1.2 ha). They
have plunted dense rows of the bushy tice through their coltivated Relds, leaving
strips of [and fon cultivation of 4-10 = in widih (Figure 34). The trees are planted
along the contour, forming a barrier ta runoff and holding some of the surface soil.
Botween the rows of iress, a variety of crops is grown.  Plowing by hand or oxen
provides the sail prepiration and control of wieeds. The trees help keep the sail
moisl, proside organic matrer and (b, and contribyte nitrogen, Lhits reducing
fertilizer needs, ~ezording 1o the farmers. The branches of the trees are stripped by
hand for livesioc’; feeding on a rotating basis, always leaving the terminal leaves and
buds so that wood growth can continue.  About once cach year, the trees are eul
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back for lirewond, again on 4 rotating basis, with vigorous resprowting oceurring
within a few weeks,  “"Accideatal” trials of direel browsing of these trees at [SA
indicite that the trees saon die and the trunks gre badly damaged i livestock is
allowed 1o enter into tbe plantution wea,  Therelore, the system works hest for
Feeding confloed Heesiock,
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Figure 34, Agroforcsiry desipn of snall hill-side farm for cultivation of animal and bicnnial
craps with Calhiandra calothyrsus,

3. Another variation s growing strips of legumisous trees that are 3-7 rows thick,
keiving T0-3) m "allevs" of pasture between the trees.  Grazing between the tree
strips is possiple while providing shade for the cattle and supplemental feed from
the tree branches that src a. However, this meithod will require careluf hushandry
of the animals, (o prevent them fro-o killing the irees. 1t nray require the placement
ol clectric fencing 1o peateei the trecs, Nocan be an excellent sonree of fuelwood,
pasls, poedes and other saonsd produects,

4. Another silvipastoral approach is based upon cul and carry methods, This was
tested at (5A on an cxperimental basis wath Lencaone fewcocephala and Pernisetum
Lurprretm {Toavirez and Varpas, 1987, The mant Merker variety of the gross is low
in erude profein but high in fiber. The mixtures of the grass and the tree, cul every
two Lo three months prosaded rignilicantly more nutritions feed than the grass alone,



113

even when there was as litle as 10 pereent leucacna, The physical arrangement Lo
plant one, three and five rows of lepcacna with 2.0 (0 2.5 m wide strips ol grass on
cither side for mixes with 10, 30 and 50 pescent of the area in leucaena, respectively,

Pure stands ef leueacny and of the Merker grass were compared hy Tavirez and Vargas (1987),

from cuitings of young (60-90 day} sprouts (Tuble 43).

Table 43, Forage production from pure stands of Leucaena lfevicocephaia and
Pennisetun prumpurenn,

Characteristio Loucasna Pernnisctum

Green matter (t/Ma/yr) 73.2 157.7
Pry matter {t;ha/yr) 23.8 26.7
Grude protein (t/ha/vr) 5.4 2.2
% Crude procein of dry wmatter 21.0 7.0

Fource: Tavare:z and Vargas, 1987.

Buth species produced sboul the same amouat of dry matier bat the leucacna produced much
more crude protwin, This Is important because of the chronic shortage of protein and nitrogen in most
tropical lorages,

The productivily of the various combinations is summarized in terms of dry matter and crode

protein in the cut feed in Table 44, The figures represent the harvests of grass and trees combined in
Ibe mixed plots. Clearly, the presence of leucaens sharply imervased the nutritional valug of the torage.

Table 4. Averape production of dry matter and crode protein by treatment plats,

Treatments Dry Matier Crude Protein
(t/ha/yr) 3
100% leucacna 25 6 5.4
0% leucacna - 50¥% Merker 345 3.7
3% leucaena - 0% Mevker 23.7 5.1
10% leucaena - 90% Merker 27.0 5.5
100% Merlker 2a.7 2.2

Source: Tavdrer and Vargas, L1987,

A practical application of these and other findings was that the ISA animal production
department establishizd small "protein banks' of lencacna for dairy cattle.  Some are vsed for fight
browsing cvery few weeks. Others are used for cut and carry supplemental leed, The operations are
not caperimental, so there have been no data other than the positive impressions of Taculty and
practical animal husbandman. This arca descrves more seientific atlention,
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In Sanlg Domingo a student {Hoffiz Sanz, 1987) sct up three fecding treatments for calves. The
base of cach was 3 controlled quantity (1856 crude protein), a mineral concentrate "ad Kbitum® and
African star grass pasture "ad hlatum," The varizble was ground lcucacna as a supplement at levels 0,
15% and 309%., Twenty-one calves were used, seven per trealment.  After seven months, average
weighl pains per animal were slightly higher when leucacgna was added, although average Tecd
consumed was about cquai (Table 45). The results led the invesligator to recommend the 30%
supplement for calves, hecause of its positive cifeats and its case of managemuent and storage.

Table 45, Elects of rations with three levels of leoeaena Nour on
voung cattle.

Treatment GConsumpkion Weight Gain
{%¥ leucaena) {keg/eow/day) {kg/cow/day)
0 1.64 . 304
i3 3.87 0,306
30 3. 65 0,326

Source: Hofiiz Sanz, 1987.

Al ISA, Uit de Boseh and Sewalt (1987 studicd intercropping of loucacna with grasses. Their
experiment is still in progress due to dilficulty in getting the grasses establ. hed. They noted the need
o control wecds during (he establishment of lzucaena; weed prowth had a big influence on the
development of the voung trees, The first cutting of loucucna was al 11 wecks after planting. The
average crude protein content Tor (the anl plant fractions were; leaves, 299%; cdible stem, 149%; and
inedible stem, 11%.

Cust Projections For Flantations
Tinaocial Estimales

Bborell and Koudson (1984) studicd the prowtn rates and preductivity of most of the pre-1983
plantations in the country. These included small 25 to 100 iree plots at FORESTA nurseries and in
Plan Sicrra, the Falconbridpe and Guli' + Western expericnces with Evcefyptus spp., Casuening spp.
and Lewcacna leucocephala, as well as triabs at schools, parks, mililary sites and several private
plantations, From these data, they projected prowth rates and vields at harvest, Ahhough there was
considerable variation among the sites and species, the average for reasonably productive Torest soils
{nat pood agricoltural soils) was conservatively estimated al 175 1113f113,#3«'r at 7 ycars {m?' = glergs).
This was found to be cowmparable with industrial and private expericncs in other arcas of simifar
latitude and climate {Sedjo, 1983; Simaes ol al., T981; Gomes, 1983,

Cost analyses were based upon 1) the imiled expericnee data in the Dominican Republic, 2) data
from ather locations (Sedjo, 1983; Brazdion industrial data collected during field trips; Simdes e al,
1981Y; and 3) caleobations und adjustments based upan prices of malerials and labar in the Dominican
Republic. Income analysis was hased upon a study of hakeries, major purchasers of frgwood o Santo
Daninro. This does pot imply that ozly Grewood can be sold. The agile investor will cvaluate several
markets and scll Tor the highest income. An industrial investor, on the other band, olten dedicales the
plantation as the raw material wniquely aimed ac the factory and therefore, equates the cost of
production of the [rees as an internal cost.
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This estimatian of costs and returns, Rawed in details as it surcly is, supgested that, after the first
seven year cutting cycle, accomulated dirset costs could be RD $3,357.50 and income would be RID
$5,250 per hectare,  Aller twa euts and sprout regencration, by age 19, cash expenses could be about
RD 35,5 and income over RD $14,000. Figures arc in constani value 1084 pesos. Applying real
discount rzles (which would rormally be added on to inflation ratesy of 10% yielded positive net
present value figurcs. The internal rate of return projecied for the 19 years was 20046 percent. Real
cases indicate that 1his vary positive projection is extremely madest, probably because the only market
considered way for industrial frewood,

A general re-gvaluation of this study iwo years later suppested that estaldishment costs may be
lower than indicated, harvesting and transporiation costs wonld be higher and siratepic marketing of
the wood could bring & much greater income, as is ilustrated in the investment cases with Eucalvpis
citndarg and Lencaena fenicecephata. Sensitivily analyses ‘Pmduccd positive returns (1.9%) even when
inercasing early costs 2% plus reducing growth (o 15 m Jhafyr plus dropping the price of rewood
from RD 3 (o 20/m’,

In a separate analysis, afier several years of record-keeping on 11 small ISA experimental
plantations,  Serrata (19487) reported that the average coft for establishment and cleaning was
RD32,447.55 per hzctare, with a range of RD$1,.363.75 to 3,70232/ha, vr average of RED$154 A arca.
He noted that costs could be reduced by paying workers by picce wark contraet rather than the daily
wages wsually wied at ISA and by planting larger arcas on an industrial hasis. These rales were
compatible with the estimates of Morell und Knudson (1984} when inllatianary effects are considered,

Buscd wpon these observations, and wore recent infation, most plantations can be ¢stablished
and cleaned fur RDE2 5 - 4,500 per heelare over | {RDEIS - 280 per tarca) or less over two years,
Wider spacing of 2.5 x 2.5 m or more would be al the lower end of these costs, while very close spacing
wenlld probably resull in the higher level, By grawing crops and using “no cash” lamily labor, cosls can
he reduced eonsiderably,

Serrala (1987) estimated that operating costs wers roughly divided in theee paris: ong-third is the
o3t ol seedling production or purchase delivered: one-third is the process of sile peeparation plos
planting; onc-third is (he cost of cleaning, maintenance and supervision, This does not include the
value of land or any new road constrection, Inclided in some of the figures are costs of lencing and
occasional hand irrigation far carly survival,

Regardless of the details of the analyses, the Tnancial potential for growing and markeling (rzcs
from plantations offers a valid option (o the lndowner.  Whether or not 1o buy new land for
plantations {or agriculture) would require additional analysis of the specilic case. Forest plantations
appear to provide strong income opportunities at this tine, when the forest resource is very depleted
and demand for all types of woad produets is rapidly rising,

The fuclwoed market now inctudes bakerics, sugar refincrics, pizzerias, laundries, foundries, meat
roasters and a small percentage of rural homes (most families colleet their own firewood). Markets lor
charcoal include urban homes, restavrants, chimi-chorri stands, and small industrics.  Potentia)
markets for small to medium trees include tobhaceo producers {poles and ralters), rural construction,
stakes, fenee posts, power poles, sealfolding, furmiture, matches, Loothpicks, all types of lumber, chips
and flakes for varions (ypes of reconstituied boards, exeelsior, boxes and dozens of uther products.
These flustrate some of the options that are open for markets and new indust ry, once a resoires base
is developed, )f the experience of other natlons (Brazil, Chile) is any indication, the demands and
markets will develey much more rapidly than the plantations. 3t is predicted that a Dominican plantcr
of Lrees faces o vast, prowing internal market with fuc] as anly one of many oplions,
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Jovesiment Case 1

A riverside property on the edge of Santiago was once a scrubby pasture (illing in with twisted,
spimy shrebs, producing no income lor Lthe estale of a local family. Onrc [amily member lormed an
agroforestry company and put part of the land into Ewcalvptus eitdodora, with the initial goal of
extracting essenlial oils from the leaves,

Beans were planted between the 2.5 x 2.5 m orows of trees. The cost of establishing and tending
the 26,00 trces was about RD S5,000.  The bean crop, cullivated simullaneously with the trees,
produced 2 nel income of RD 54,00

The trees received tvwo more cleanings in the first twoe years. The dry, deep sandy soil produced
relatively slow initial growth, but as roots deepened and as the rainy scason came, prowth accelerated
{Tabl: 48). Aboul 18-20 percent of the trees died during the first year. By thke end of the sccond year,
some lrees wore large enough to be marketable as long, slender poles, used as rafters in 1ohaceo drying
sheds, Thinning of the largest trees started in year two and continned throuph the third year, Prices of
the trec-length (6-10 m) poles vaned ftom RD $10-20 cach,

Table 46, Average troe heights during the first 3.5 vears of
plantalion ol Encalypius citfodorg in Santizgo,

Date Average heipht
Planted 4-6/84 (m)
Dec. B84 2.5
July 85 4.8
Apr. 86 7.6
Sept. 86 E.9 (harvest ip progress)
Jan. B8 10.6 (after partial harvest)

In January 1988, less than four years after planing, abvoul 23 percent of the irees had been cut. If
each of these 5,000 trees were sald at RD $14, the gross income was RD $50,000. Although company
incoms statements were nat requested, it appears that the cuireprise may have made a net profit of
RD 345,000 or more and there is still a growing stand containing aboul 2/3 ol the trees (Figure 35).
Measurements in January 1988 indicated (hat the remaining stand averaged 106 m in height and 7 em
in diamcter al breast height,  There are alsa sprouls on at least hall of the stumps of the cul trecs
(Figure 36). Thus, a small investment of planting on lard that was virtually idle and unproductive
viclded a net tetern of perhaps 10009 in 3.5 years and the investment remains highly productive
without further investment.

This case is probatly unusoally favorabie. The owner carefolly studied the species and the site
befare planting. Beeause no ane clse had planted trees, there was a serious shortage of Lobacen shed
poles and lew local sources.
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Investment Case 2

Two Leucaena leucocephiaia plantatians in Poerta Plata have proven 1o be economically profitable
only three to four years afier cstablishment by direet seeding, Tag, Eddy Brugal reported thal bis cosls
of site preparation, establishment, tending and harvesting were RDS5,630 per hectare or aboul RD3350
per Larca, This is higher than other projections lor several reasons.  First, il covers Lhree years of
opcralions including harvesting costs, Second, the very close spacing invalved lour to six Limmes as many
trecs as 2 x 2 or 2.9 x 2.5 m spacings. The cost of seedlings was offset by direct seeding.  Third, this «as
an experimental plantation that involved some “learning costs” that would be reduced in continuing
plantation wawk,  Fourth, this plantation received meiizulous care and inlensive management thal
niicht have contribuled ey is high productividy.

Aceording 1o Mr, Brugal, Torest plunttions can be profitable if managed and marketed properly,
Althouph his criginal plan was (o produce only charccal, the value of other products dictated a more
diversified approach for impressive profits. The ficst eni of 70 azeas al the end of three yeors of
rrowih was organived and sold an the following basis per larca (629 mz}.

The 629 trees established an each tarea prodoced 500 merchantable irees. The LA straighiest
irers were selected (o make 235 foot poles. Another W0 trees were old as 200 ten-foat posts, A third
1R trees were uscd 1o make 3K 6-lool Tence posts. The 20K remaining trees in cach lurea were used
(o make charcoal, Table 47 shows the vulues,

Tahle 47, Products und ingome from 5 year old plantation of Levcaeny
feucocephiala in Paerto Plala.

Froduct No Trees Units/ta Price/unict Income/tarea
(RD$) (RDS)
Foles 29° 100 100 12.50 1,250
Posts 1! 160 200 5,00 1,000
Fence paosts 6 100 400 3.00 1,200
Charcoal 200 14 =acks 30.00 420
Gross income 3,870
Costs/tarca 354
Net income 3,518

The net ingome is upproximalely ten times the dircel cost investment, In this case, the land
already belonged to the investor and was oot being used.  These figures do not consider inflation.
Translatea to dollars by tie appraximate exchange rate for cach year, the nel income was about
USEs65.00 per tarea by the author's caleulations,  This figure dees not include net ineome from
agrivultural crops in the hirst one year nor calculalions of interest on the original 'oan. They may be
assumed to he about cqual,


http:US$665.00
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With further developinent of this plantation, other product outlees are available. Small sticks are
sold for tomato stakes and firewood for bakerics. Larger (rees of 4 yoars ot more can be sawn and sold
for baards of various sizes for construction, furniture, handles of implements and broams, as well as Lo
fabricate box springs. Mr, Brugal has contracts lor these high value boards, te be delivered in 1289,
The other products have visen in value such that, in 1988, construction pusts, poles and lenge posts are
selling at one peso per linear foot, double that indicated in Table 47 This demonstrates (hat fores|
products ean be rather good inflution fighters in 4 society withaut a pood interual wood supply.

Lconomic Analuses lor Dendroclectric Plangs

Twa major eonsulting reports have been prepared independently for the Cotporacion Dominicana
de Electricidad, The first was a feasibility study for a dendrothermal plant at Cumayasa, between Sun
Pedro de Macords and La Romana (SERCITEC and C.T. Main, 1084). Much of this report was
concerned wilh the analysis of soils and sile productivity.  The benefit cost analysis of wood as
compared to coal and petroleum was favorable.  The study covisioned a 50 megawat cleciricul
generator from 7500 ha phnted 1o Lewcaens fencocephala (S0%), Cassio siarmea (2025), Afbisie feblok
{15%) and Ghiricidia sepiem (15%). Another 1,250 ha would be unysable or in roads and SUppOe,

The plantation would produce 123,750 tons of wood {509 moisure conlent) per year (16.5/ha) at
it cast of 184 RT 348,80 Aton (years [-11), which would decline to RTY $36.70 aficr year 11,

The 20 year projection, i conslamt pesos was:

Totalcoet = RDYE$71,447206  Discounted cost 555 = RD $51,497,360
Totnlweome = 143,781,412 Discounted income = 68,045 178

The discounted banehit feost ratio was 1,32,

Likewise, the Pedernales proposal of the Corporacién Dominicana de Electricidad had a positive
cconomie projection.  This dendroclectric plant of up to 3,000 kw in the semi-arid southwest, using
native forest and a 2,400 ha plantatiom for the wood supply. The national cconomic yicld far the whole
preject, based oo production of ¢lectricily, was estimated at 13,225 per year by analysts of the
Organization of American States and National Flanning Office {Corporacion Dominicana de
Electricidad, 1986).

The Prospuects

The Gndings presented in this chapter indicatz that: 1) growing trees in plantations in the
Dominican Republic is biclogically promising and financially profilable and 2} the eeological
complexity of the nation requires careful matching of site to species and silvicultoral practice. An
investor or financier would do well o pay for professional forestry guidanee and supersion
throughout the project, as well as a financial analysis and soils analysis before starting to refores,
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CHAPTER IV

CHARCCOAL PROIWCTION

Intrnduction

Using trees and other biomass for domestic and industrial fuel is a traditional, economical and
rencwable procedure.  In the Dominican Republic, bottled gas, keroseme and electricity (mostly
generated from burning petrolinn) now exist with charcoal and firewood as sources of cocrgy.  Of
course, gasoline and dicse] fuel dominate (the transportation market, bul woos or charcoal are used in
many of the nation’s homes und indosirivs, Although botded gas is usud lor ¢ wking, approximatcly 65
pereeol of Dominican familics, ar more than 725,000 homes, use wood ot charcoal to cook and heat
(Morcll, vt al. 1987). Rural familics conumonly use firewond, as do bakerics, sugar mills, and other
industrics. Clarcoal is used primarily by urban Gamilies o cooking (Oarcia, 1987).

Firewood consumption was estimated a0 94 J60,000 tons pec year by industrics in 1977 {Tennings
and Ferveiras, 1979) Hartshorn, et al. (1981) estimuted that 48 million sacks of charcoal WETE
consumed cach vear, while the Nationul Energy Policy Commission indicated consumplion of 249,000
tons of charcoad in 1943, cqualiog 6.9 million sacks of 35 ky cach (Morel], 1986).  Thus, the total
volunie consumed in the form of fuclwood and charcoal amounts 1o 3,049 million cubic meters (Maorell,
1986, 10 is assumed that abow 20 m™ of wood are removed per huctare, this significs the cutting of
2588 ha (152,430 tarcis) per year; this docs net imply necessarily the toial deforestation of these
hectares, bowever,

Insotne of the more industrialized sucictics, the wood fuel allernative seems rather impractical on
# large scale, primarily due 1o the costs of collection, the relutively low profit potentid, and the relative
incotvenience of handling (Bungay, 19813, Nevertheless, only aboal 4 century has passed since wood
wian Lhe primary coergy source.  Conversion (o conl and netroleum produets has resulted in partial
deplction of ihw non renewable reserves of 1hese minerals so (hal their searcily s now forcseeable. As
prices af these fossil fucks rise, the use of wood may beepme more lwancially attractive, as was the case
in the United States in the 19700 and carly 1980°s.

Fuztwood and Clurcon? Technica? Qualities

This section deseribes bosic characteristics of firewood and charcoal as fuels. The pararnciers that
are used (o measure quality and officiency of charcval production are defined. Finally, resulls are
presented of the tescarch program studies of wood deosily, air drving rates of various speeies, and
changes in the dimensions of wood as it is converted (o chareoal.

Fuelwoad Buasjoy

Fivt is the phenomenon produced when heat is apphicd (o a combustible substanee in the Presenee
of air, elevating the (emperature until in generates guses. The combination of Eas wilh the oxypren of
the air produces the energy necessary 10 allow 4 continuation of the process, Thus, to produce a fire,
three clements are needed: fiel, heat and oxyeen.

T provess of combusion accors in phases, 1o the first phase, the heat around the fuel raises the
temperature of the fued ta samething more than 1067C, which drives off water vapot, The lemperature
continues rising (o 200°C, climinating alt the water and distilling the resins. The second phase is the
cambustion of the gases; the lemperature s between 3K and 400°C and the cornponents of the woad
divide into Natumable gases which burn with flames. The lempuralure continues rising fo 600-1000°C,
The burning yases emit heat which is more (han sufficient 1o mainfain the combustion. The cola of
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the flames is bloe, During this phase, the fire emits smoke formed by the burned gases, carbon
dicxide, water vapor und particles of the fuel. The final phase is the combustion of earbon in 1he wood,
Icaving ash, which {s mineral substances that will not burs {Baker, 1983).

The heat produced by the majority of woods is voo smilar, approximately 4700-4800 keni kg
(8600 BTU/Ib.} of dry wood. The quantity of heat dedived from wood depends on the moisture
contend of the wood. The higher the moisture content, the greater is the heat energy needed to dry the
wood and the less is the heat available Tor phases 2 and 3 of the combustion process. Therelare, there
15 an encrgy advanlage o allow drving of recenily cut wood hefore using it for fuel or for
manufaciuring charcoal,

The basic densily or specilic gravity of wnod is (the quantily of wood substance that cxists in a
specific volume of wond, Usually it i3 expressed in Klograms/cobic meler or grams/cubic centimeter,
Low-dunsity wonds such as Aursera simareba are usually passed by lor Grewood or chureoal beeause of
the large volome needed o produce the heal equivalent 1o that in 4 smaller volume of 4 more dense
species,

Charcoul Basics

Charcoal is produced by heating wood under conditions that carclully restricr the quantity of
oxygets avalable for combustion, The process is often conducted in brick kilns or hermetic retorts, io
chambwrs wilh varicd guses or in ovens supplied with limued and controlled quantitics of air, Healing
to high temperatures scparates the materials into gases, o mixture of tar and water, and a solid
malerial, charcoal, that is 60-%0 pereent carbon.  According (o the US. Forest Scrvice (1961),
aceeptable quality charcoal has I-4% moisture content, 18-20% volatile substanees, 1-4% ash, and
74-81% fixed carbon.

Traditional indicators of charcoal quality include a metallic ringing sound when it strikes a hard
abject und o smooth lracture of the piece as it breaks. Others include froedom from Lasie and odor
and from undue sciling of an object that is rubbed wzainst a fractored face (US. Forest Service, 1961).

The cxternal phenomena observable during the process of charcoal production are divided inte
four different periods as a function of temperalure and time (Trossero, 1978).

a.  Drying: Waler contained in the wood evaporales al (emperatures between 105 and 108°C.
Late in this period there may be generation of carbon dioxde.

b.  Precarbouization: This is the time wilh 1emperatures between 180 and 280°C. During this
perind, soine (ar forms and several guscs appear: carbon monoxide, methane, waler vapor
and carbon dioxide.

¢,  Seli-carbonization: This phasc begins at about 280°C and continues to 400°C. Compluex
caemical reactions ocenr in this time and there are exothermic reactions.  Abundant gases
form as well as most of the tar called pyroligneous acdd.

d, Carbonization:  Separation of the components continues im this peried, with the
concentration of carbon, This is a longer phase than the other periods; the time depends on
the process and the qualitics desired in the charcoal.

The vicld of the different products and by-products is approximated for a ton of dry wood in
Tables 48 and 4%,
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Table 48. Yield of products per ten of dry wooed in charcoal manufacture.

Intermediate Products Final Products

100% Spirits, 5 gal. Charcoal 600 1bs.
*Wood" gas 5000 ft?

Tar, no HO, 11 gal. Methyl alecohol 3.0 gal.
Methyl acetone 0.7 pal,

Acetic aeid, 101 lbs. 411yl alcohel 0.1 gal.
Ketones .2 gal.
Melhyl acetate 1.0 pal.
Soluble rar 22,0 gal,
Fitch 66 lbs,
Crecsofe ¢il 3.0 gal.
Ethyl acetate 1l4.7 gal.
Echyl forinate 1.3 gal.

Source: Baker, 19871,

Table 49, Composition of noncondensable “woad" gases produced in
the charceal manufacturing process.

Percont of volume

Component of dry gas
Hydrogen 2
Metrhane 17
Hydrocarhons 1
Carbon monoxids 23
Carbonie acid i8
Qiyzen 3
Nirrogen 16

Source: Baker, 1983,

In gencral, wood is made up of about 50 percent carbon on a dry weight basis. Some portion of
this carbon is lost during the process of converling wood Lo charcoal. Also, 50-84 percent of the energy
of wood is Tost in the conversion, For exainple, a hardwood tree may have 28,000 kilocalorics in the
wood, which converts to charcoal with 7,000 kilocalories, making a conve:.on elficicncy of only 15
pereent (Baker, 1983). Nevertheless, the lighter weight of charcaal produces transportation ¢conomies
and the convenicnce of charcoal makes it an efficien: Miel desired in many homes. It burns cleanly 4nd
produces high heat for its volume and weight, about 1.5 times iorz thar wood. Good charcoal weighs
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about one-third that of wood and has ahout half of the volume, making it casy 1o transport and store.
Charcoal is relatively easy to lipht and can burn uniformly, with little smoke and little ash. Tt is
relatively casy for the housewifi to break into the proper size far cooking. Charceal does nat rot and is
nol atlached by inscels or fungi, so may be stored for fong periods.

Barameters of Productien Qualily The guality and efficicncy of charcoal production are
measured by several variables. Among them are: volume yield, weight vield, lixed carban content and
fixed carbon yicld.

Adrhpugh charcoal ts sold on the market by volume in the Dominican Republic and the majority
of other conmtrics, volumetrie yicld measerements are very imprecise and should not be utilized for
anmalylical studies. The imprecision comus from the variation in form of the slicks, the method of piling
woud and charcoal, and from diffcrences in specific gravity of dilferent woods. For example, one stere
ol {irewoad (i pile 1 x § x 1 m) including sticks and air, can contain diffcrent volumes of solid wood.
The measuremenis made in Brazil with Sucalyzius spp. have varied from (.45 1o 0.7 cubic meters of
solid wood per stere, the first with twisted small sticks aed the sccond with steaight, farge Togs. The
volume yield of churcoal is the ratio of the volume of wood wsed (o the volume of charcoal produced.

Same Brazilian volumetric yields provide a basis for comparison (personal communication with
Lu Clirmont Gomes, shori-lerm aidvisar to the project). Normally, the Florestal Acesita company
achivves a volume yield of aboul two steres of piled cuealypt wood for every one cuble meter of
charcoal.  Experimently, the company has produced raiios as low as L6:1. CETEC, a standards
agency it Bruzil, considirs a 2:1 volume yield as feasible for plantations.  From the native, bwisted,
stnall woods of the savanng, the normal volome vicld is 3:1 to 4:1,

Ancther way 1o measure the productivity and efficicncy of methods of converling wood to
char cual is Lo measure the gravimeltric yicld, 1Uis expressed as a percentage and caleulated by dividing
the weight of merchantable charcoal that is produced by the dry weight of the wood placed in the
kiln x T,

The theoretical maximum gravimetrie yicld is 44.4%, Normal yields (rom brick kilns in Brazilian
industry are 28-33 pereent. In experimental condilions at the Universidade Federal de Vigosa, Minas
Gerais, Brazll, the yields have been as high as 38 pereent with Encalypius spp. in a small brick kiln
{personal communicalion with Loz Clairmont Gomes of UFV).

A key measure of quaiity and eflicieney of yicld is the percentage of fixed carbon in the finat
produet (1FC = wi. of charcoal - {valatiles + ash + watcr)). This is abow coual for traditional carth
kilos and frick kilns, unless ihe charcoal is poorly manulactured and contains constderable unburned
wood.  ©n the other hand, brick kilns are more cfficient in gravimetric vield, They produee more
chiarcoal for a given volume or mass of woad. Thus, the yield of fixed carbon = FC% x gravimetric
yicld, This is the raeasure of quality and eificiency that has the greatest sipnilicance,

Rescarch Results

The charcoal production program involved research studies and practical developmenis related Lo
the characteristics of nutive dry forest species and a few ¢xolic species. The research included studics
of the traditional and more modern methods of manulacturing charcoal. 1 also dealt with technical
characteristics of frewood aod charcoal as well as its marketing and use.  Stodics are described of
specific gravity, air drying measurements, chanpes in the sive of wood as it is converted 1o chareoai and
frnally, (he paramcters that are used to measvre gualily and efficiency of charcoal production.
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Specific Gravity

Three studies of specilic gravity were conducted in dry forest species {Betances, 1983; Almeida,
Ferrer and Garib, 1984; Luciann, 1986). Variations within these species are guite common and are due
lo many factors including: age of the trees sampled, heredity, climatic conditions, lapd use or
treatment and the sampling (echnique used. The wood densily also varics more or luss inversely with
the height in the trez from which the sample was taken, Luciano (1986) took samples al ground level
and one melter intervals up to 5 m. The average of these is reported in Table 50. The precision Lo
threc decimals is measurable, but the natural variation i so greal Lhat double decimal ranges are
probably most practical {e.g., Guitapanal = 0.75-0.82, according to Almeida, Ferrer and Garib, 1984).

Table 50. Average specilic gravity of wood of dry forest SPCICS.

Jpecies g/om’

Guatapanal 0.B35
Caesalpinia coriaria

Aroma 0.702
fpoacia macracantha

Quina 0.792
Exostema caribaeum

Candeldn Q,754
Acacia scleroxvla

Cinazo 0.739
Pithecellobium circinale

Camhrén 0.576

Llvero 0,671
Coccoloba leppanensis

Baitoa 0. 669

Fhylloseylen hrasiliensis
Brucdn 0.576

Cassia emarginata

Source: Adapted from Luciano, 1986.

Wood Drying

Adr drying of wond used fu manufacturing charcoal was recommended by Almeida (1984a). He
made measurements of drying rates for five native specics. Luciano and Rodrfguez {1485) also studicd
the drying of five oative species, including one in common with Almeida, Ramirez ' 1988) continued
the study [ns R-year old Lettcacna feicocepiata cnl al 1SA (Table 1), The wood was piled and not
covered in the Jry climates of Mao and Santiago. Altheugh moisture content rose temnporarily during
rainy periods, there was o rapid drying (o 15-20 pereent within 90 days for seven of the ten species.
Cand¢lén, baitos and guatapanal retained moistore more stubbarnly, indicating that drying times
should probably be in execss ol three or four months, Alier five months drying Almeida (1984a) (ound
that even guatapanal was below 20 percent and brucén, einazo, guayabillo and quina were below 15
percent moisture content.


http:0.75-0.82

Charenal producers normally dry the wood they cut, but withoul any uniform schedule, Luciano
and Checa (1986) recorded a range of drying periods from 2 to 180 days. In the two cases of 120 and
180 days of drying, there were problems with the wood being infested with insects at the time ol
charcoal production. Most of the producers allows:d wood to dre Tor perigds Trom one week 10 wwe
maunths,

Lenceena fevcocepdalfe K-8 wood dreed af :he rute of Dve pereent every 15 dayvs, Ramires (1988)
recomouended o dryving time of 310 435 duys afler catting before vsing # Tor ciaarcoal. For the native
species, it appeurs that 90 days or more would be most efficient, as fong as insects or fingl do nol
allack the logs.

Table 51, Alr doying rales of variows species of trees,

Days of Drying

Spocics Startc 30 45 &0 30
------------ - % Moisture Content ------r-n--n-
Baitea 31.6 431 ia. 8 7.7 33.8
Candelon 43.1 41.0 41.0 34,1 29,4
Cawbrén 42.1 9.2 2v.1 240 17.5
Aroma 4l .8 347 292 26.0 19,2
Guatapanal-] ig. 2 34,7 G 7 0.3 26.0
Guatapanal -2 -- 2.6 -- 2.8 27 4
CGuayabillo* -- 42,7 -- 2B.7 15.0
Brucomn -- 32.6 -- 228 15.1
Cinazo - 27.6 -- 231 18,7
Quina -- 20.2 - 16.7 14,7
Leucaena 40,2 2B.5 25.0 -- --

*Myreianches fragrans

Sources: Almeida, 1%84a;, Luciane and Rodriguez, 1985; and
Bamirez, 1O8B.
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Dimensiony! Change Dyring Conversion

{yomes (1986a,b), during a consulling visit to (he program, noted that very small diameter word
was being placed in the traditional and brick kilns, One physical property of wood is its redustion in
size: when heated. Reduction in diameler is much gieater than in length. Therefore, the concern was
that very small sticks would nat preduce eommercial charcoal but, instead, resull in nosable fings.

Gomes (1986ah) reported that in Brazil's steel industey, a small guantity of charcoal with
diameters as low as 1.3 em is accepled. The Fiorestal Acesita company ries to prevent fme material,
using Eucalyptus spp. wood of 5.0 em to 18.0 ¢m in diameter, the ideal being 150 em. A technical
research laboratory in Minas Gerals, Brasil, concluded (hat the ideal diameter would be 10 om
{Rezende, 1981). The program's resident advisor oo charcoal rescarch, José Mauro de Almeida,
recammendled that the silvicultural goal should be to produce logs {mid-tree) (hat averaged 10-15 ¢m in
dinemmeler,

After a marketing survey and muffle oven tests of dimensional changes, it was determined (hat the
minimum commercial diaweter of woad should be 2.7-3.0 em. MaxBeld {1935) sclected 2.5 cm as the
lowest usable diamcter by azking workers in the Mao lorest their opintons.  He teparted:  “this
mimimum dianicter is gencrally considered by the Dominican forestry personnel to be the smallest
diameler wsed by the local people for firewood or for making charcoal” This reliance upon local
opinion left some room far doobt and discussion, however. Therelore, observations and a survey were
undertaken in Santisgo charcoal markets, along with tests af the change in dimensions of the wood
after conversion to charcoal,

A survey of housewives and charcoal sellers in Santiage indicated that the minimunt dizmeter of
charcoal that was pencrally acceptalde was 2.4t ¢m (Ramircz, 1987h). Retailers reported (hal smaller
malerials were given away or thrown out. They iried to avoid (hese when buying their charcoal from
the deposilories,

In a laboralory s, volume changes that occurred in the wood during carbonization were
recorded. The valume of drivd wood of five native specics was compared o the volume of charcoal
produced in a mulfle oven, following the schedule of 1 hour at 150°C, 2 hours at 250°C and then 2
hours at 350°C. The resuits indicate both radial and Iongitudinal shrinkage of picees as indicated in
Table 52 (Ramirer, 1947a).

Table 52, Shrinkage of nutive woeds when manufactured into charcoal,

Specifie Diameter Length Vo lume
Speeies gravity shrinkage shrinkage shrinkage

tg/em’) (%) (%) (%
Guatapanal 0. 84 22.5 14,7 H8.2
Aroma 0.79 27.7 15.3 55.6
Canbrén n.71 21.8 14 .8 47,9
Baitaa 0.70 33.0 16.2 62,4
Uvers 0.65 22.1 15,8 48.8

Source: HRamirez, 1987a.
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Although there were no significant differencees in longitudinal shrinkage among species, balloa
and small sticks of aroma lended (0 shrink more (han the other species. The diameter ol the charcoat
was 22-33 pereent smaller than the wood’s original dimension. This produced reductions in volume of
43-62 percent.  Uwero, cambrén and puatapanal wood showed the least changes in dimension, Al
three of these specics are hiphly fvwored by charcoul makers.  There was no relationship berween
variations in wood densily and the reduction in dimensions related o carbonizatios.

Based upom the consumer suney and the dimensivoal chanpe slody, it is recommended that the
minimum eommercial dinmeter of ihese nalive woods Tor charceal should be 2.7-3.0 cm. The smaller
adyrial wilk end op as waste inthe mlz or o Gic shareoal aolle s raet

Charcoal Manufcturing

A large portion of the fuelwood and chareoal currenily produced in the country comes from the
native Subiropical Dry Farest, Most of this arca bas been heindly logged and is now heavily grazed,
causing deterioration in the composition and value of (the vegetation. Increasingly, apricultural projects
have cleared larpe arcas of the most productive lamls once covercd by this spiny forest,  Trrgation
projects expand the patentially arable lowlods, taking them out of the diverse and complex lorest
ceosystem chat has existed for centunies and converting them o preduction of monocullure crops.

Charceal manufacturers are eoncenicated in the drey Torests of the southwest and the northwest,
with & smaller nroportion in the eastern edeg of the country, These forests represent 1the Llast accessible
"open lands™ of the nation covered by an cxploilable forest resource. Although the govermment has
recently given this area wmuch attention, it was for many decades tnore ar less igaored except by the
poor who found here & means 1o produce a meager living,  Charcoal manulacturers alse have found
several adhvantapes in these regions. Although the trees are mosty twisted and ofien spiny, their wood
is gencrally quite dense and produces very pood yiclds of hiph quality charenal.  There is no
competition for the wood, since the trunks are 1oo small and crooked for sawmills and large furniture,
The rtrees ure used e o variety of foeds, home medicines, Was, handerafls amed (ools.  Cucvas and
Herndnder (1957} discovercd thal rural residents near Mao named seven calegories of different
regular uses that they made of the trees of the natve forest. Inothis area without doctors, the people
uscd over S0 specics of plants Tor medicinal purposes. They concinded that without the availability of
these trees the already limited quality of hfe and ability 10 subsist in these zones would be seriously
reduged,

To rhis arid clinate, with Titde rain and bong ey pericds, charcoal operations are rather casy (o
carry out.  The firewond drics rapidly, with minimal attack from insccts and fungl. The main
disadvaniage is the relatively low yield avauluble, averaging perbaps 2-5 1n3ﬂ1a Jyoar.

Traditional Harvesting gnd Manufacturing Methods The “lraditional” sysiem for producing
charcoal was apparently the only system uscd commercially in the Dominican Bepublic uniil 1987, [n
this system, a pite of wood is carefully laid on the pround, cither with the logs placed vertically around &
center pole (parado) or with the logs parallel (o the giound in a neal slack {acostadal. The pile is
covered with preen leaves, over which soil is laid deeply covugh to climinate entey of air, The research
team observed this method of charcoul production throughout the country during the four years of ficld
work, The "kilns" were operated by ove 1o three people and weve located at the most convenient siles,
uswally in the center of g small cut arca in the forest or near places where wood residucs could be
gathercd, The sime nmethod was vsed in the US. for several conturics.

Larly in the program, a brick kiln was constructed al La Celesting, San José de las Midas, where
pine residues were availzble from a sawmill operation.  Charecal was manufactured by traditional
melhods as well as in thye Kilns, althongh no vickd Gpures were made available,
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A systemalic study of the traditional methods was conducied in the southweslern part of thi
country during twe menths of 1985 by Luciano and Checo (1986), This provided figures on yickls,
impacts on the forest, and socicecanomic phenomena, The most lrequently observed temporary kilns
were round with o diameter of 1wo 1o three meters and a height of one to (wo melers, with (he sticks
stacked on end. A few entry points for atr were loft around the base and an aperture was made in 1the
top for smeke.  These vpeaings were carclully controlled during the two (o three day
combustien-carbonization period. The fre was slared through either the top hole or the base. During
early slages, the smoke was dense andd while. Eventually, the smoke turned blue; (nally, it was
praciically transparcat. Al this stage, the carbonization was virtually complete and the aperlures were
closed. The kiln was left (o cool for two or ihree days before ooening amnd removing the charcoal, The
total time of the vperation was ahonl one week, although variations occurred with the size of (he pile
and the moisture conteol of the wod,

Chamcteristics of Charcoal Operutions Luciano and Cheeco (1786} ohscrved that many charcoal
procdincers in the southwest were living on the lower margin of human conditions, considering their
houses and the shortage of resources to buy food. Charesal making was often considered a last resort
achivity; they produced it whew they bad no money. Fur seme individuals, making charcoat was their
only economic oplion, In 27 eharenal production opcrilions in three southwestern provinees, Luciano
and Cheeo (1986) recorded dati abowt the conditions {Table 53).  Yields from the dry forest of
firewood and chareoal were carcfully measuved.  The fiuewood volume averaged 9.64 steres per tarca
or 144 steres per heetare, with a range of 15 to 36 steres/ha.  This was converted Lo charcoal al an
average volume vield of 347 steres of wood /1 sacked cubic merer of charcoal, with a range in ratios of
2650 10 6.77:1. The yicld of charcoal was 2.49 mj,fturca or 3.0 mj," ha. This was a function of specics
mix, age of the stand and density of the stand. The frewood cutrer typically harvested 3.29 st/day,
ranging from 129 to 7.36 si/day. This, of course, was related 1o factors including skill of the cutter,
density of the forest, size of the trees, abundance of thorns, and opography, Agriculural use of the cut
over land was planned or In process on siv (2290) of the harvest arcas, half of these being on state
lands.

The labor involved i producing a sack of charcoal was estimated at 0.70 man-days (Tahlz 54),
Chareaul sacks used in the sombhwest hold an avaraps of 0.16 ma, or 6.2 sacksfma. There 135 4 wide
range in the size of sacks, a5 some are home-made and others came from varioos agricultural
optrations,

Forest Canditions Luciano and Checo (19586) established 500 m® cirenlar plots 30 1n from the
cdge of the current harvest line in forests that were about to be cut, Bach tree of 2.5 em or more in
dbh was measured in height, dbh, dkh (diameter knee height), species and number of trunks.
Regeneraling specics were noted.

There was considerable variation among the sites.  Some were in fairly dense forest (Z000-4000
trecs/nal where few previous harvesis had been made.  Others were sparsely forgsied (120-400
trees/ha), where 1he current harvest was litlle more (han scavenging the few remaining trees.

Average conditions meant little except as a gencral descripion of (he forest, The average of the
largest dbh of 16 sites was 13.7 o while the averags was 6.0 em. The average height was 5.2 m, with
the tallest trecs al 7.6 m, ranging from 4,7-14.0 m. Average basal arca was reported as 390 m®/ha,
This provides the pirture of a sparse, short forest that in most places was already severely degradad and
highly erodud. Luciano and Checo (1986} noted (hat the rivers were dry and some had disappeared;
the flora and fauna had been drastically reduwed and lowland cullivaled soils were in process af
salinizalion, according v intervicws with charcoal producers and other residsats.

Environmenial Impacts from Traditions! Methads Two stadics dircelly evaluated the negative
elfeets of charcoal production on the forest. These were coupled with observations of the dry lorest in
many stages of development and nse.  The impaets, beyond the simple removal of the wood, are
several; some ate dircel and some are the consequence of the opening of the area to oiher vses.
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Table 53. Characteristics of 27 charcoalers and charccal operations in (e southwestern
provinees of Independencia, Federnales and Bahoruca.

Characteristic or Condition Number of Operators

Operator’'s geonomic activicies

Charcoal making 27
agriculture 12
Other P

Expevience as charceal producer

0-2 years 3

3-10 years 12

11-20 years A

Uver 20 years 3
Landownel 14
Cutting site

Private land b

Fublic lamd 27
Distance traveled from home to charcoal cperation

0-2 km 13

3-6 kum (Y

7-10 km 8

Means of transpert te site

On fooc 21

Burro or horse 3

Motorhike 3

Bicycle 1
Topography of cutting site

Flat 14

Mountainous 11

Not recorded bl
Type of cut

Clearcut 20

Seleccive 7

Souree: Luciano and Chece, 1286,
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Table 54. Lahor person-days required to produce one sack and one eubic meter of
charcoal using the traditional method.

Procedure per sack per m° charceal z
Woed cutting 0.22 1.34 il
Stacking, leading
wood, moving 0.11 0.67 15
Forming "kiln" 0.06 0.35 B
Tending, covering "kiln" 0.05 .34 8
Clesing down, coeling
and sacking charcosl 0,09 0.546 13
Inspecting, supervising .09 0,54 13
Other 0.08 6.53 12
0.70 4.3 100

Source: Luclano and Checo, 198§,

Luciano and Checo (1986) rezorded the changes in vegetation in the cot over areas. In the
scuthwest, harvest was mostly by clearcut and only undesirable species (e.g., Bursera simaroupa) were
left.

Aiier the cutling, the improvised carth kilns are made in the arcas with the deepest scil. The
round kiln locations hecome burned spots that arc superhealed and left covered with charcoal Bnes and
ash. Erosion is a natural result, washing away the loosened, uncovered s0il, specially when they anz on
slopes, Agrieulture often accompanirs and follows the charcoal manufacturing on the best soils. This
conlributes greatly to aceclerated and sustained crosion, sinee the cropped arcas arc exposed soil most
of the year.  Grazing often accompanics or lollows agriculture, even on the less-productive soils,
resulting in ecmpaction of soils, browsing of young trees and sprowt regeneration, and increased
erosion possibilitics.

Any trees thal manage Lo regrow are usuvally cut by a future charcoal harvest in 10-15 years. On
the betler sites, the public land may be “settled” by families that have no other resources at their
command. They will probably move on as soon as the area is exhansted or when povernment officials
reguire them Lo vacate the public land.

B

The nct result, as judged by Luciano and Checo (1986) is that the forest structure of most of the
soulhwest has been altered, with a degeneration in quality and quantity of speeles. The erosion and
repcated cutling kave caused the arca to lose much of its present and future productivity. COENER
personnel suggested that this area receive immediate povernment attention o establish Forest
plantations on cut over areas and 1o rationally and firmly manage the remaining dry lorest so that the
harvested arcas can quickly regenerate. These suggestions are rational, possible, and of great urgency.
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In Mg, the sccond study of furmer kil sites showed scrious long-term damage to soil
productivity, even on fai land (Diaz and Garcin, 1985). The natural regrocration on these circular
sites is delayed for many years, although the forest surrounding them regencraies rapidly from sprouts
and seeds, Since most kila siles are used once or twice, the forest spon hecomes dotied with harren
virgles ahout 6 meters in diameter,

Introduction gpd {omparisen_of Kilns One of the goals of the program was Lo test different
allernatives to mare efficion predsclion of charcoal. By vsing less wood per unit of charcoal, there
might be tao pesitive offects. Fies, the existing (arest resouree could be used mare conmservalively.
HL‘L‘H!ld'}". the future wodumes harvested fron }ﬂa“l:][iﬂnﬁ could P'flidllﬂﬂ a mare salable Gnal prgdu{;t‘

Traditwnal varth kilns were studied first, - Vertical and borizontal piling, echniques appeared 1o
bive no effect on final yields. A pit technique using the subsoil as a wall was tried at Mao, This was
abandoned after three trics; the op collapsed and was very hard to tend. Workers had difficulty in
removing clean chaveoal from the pil.

Three 1vpes of brick kilng and two metal kilos were tricd (FAG, 1983). The metal kilos hecanie
oxidized umd purlorated after a few carbonizations, rendering them inoperable withoul repair, The
cepanr prowcess under existing conditions required considerable tinic und patience in logistics, as well as
m the welding and soldering.

Lesceiplion of Kilas Tradional carth kilng are made of siacked wood (horizontal or vertical)
covered with fewaes and soil and wited. They very in size. Ong horizontal kiln of 20 m length aod 1.5
m height was obzenved. Others of Tmin diameter are mide of woad scraps for home use,

The Mark TV or Upganda or TP metal kiln his ong or 1wo circular, braced sheet metal rings about
23 m in diamuter and (175 W high plus @ conical top. Wood is piled much as in the vertical fpurada)
carth kilng then a second layer makes a cone, I is covered with the metal cone and ignited. Gas
cscapes [rom four ehimneys, One of these kilng was buili and used in Mao in 1982 trials by {SA. Tt
developed o number of aic hales, 1 was repaired by Plan Sierra asd placed at La Celesting, where it
was not possible 1o make it operate successfuolly, As the metal was heated, it developed more holes and
cil homization was very irregular. The system apparently works in some arcas of the wordd but was pot
remstdered as praciical by the program persoonel,

Six steel drum Kilns (Figure 37) weee buiit, wsted, modilied aad then used by Rosado, Ramirez
and Feorer (1986) in comparison with other kilns. Probably due (o design problems, there were many
picces of unburned wood residues alter the cawbonization, The vield of usable eharconl by welpht was
only about 12 percent. This would be higher if recoverable vaburned wooul were subtracted (rom the
starting weight of the charge, but (he process left many questions, B is unlikely that the cost and work
of converting drum 1o backyard charcoal ovens would be accepted by campesioos if the traditional
method prodoces o similar or benier result. Therefore, the progeam did nat recommend the sieel drum
hurners,

Brick kilns were toed o various shapes and sizes (Rodriguez and Luciano, 1986).  Brief
descriptions and sprecificatinons of each follow.

Half-orage or irce-hive type kilo (Figure 38) has no chimney. The entey of air and eseape of
gases 15 through 29 orilices, arranged in three rows, each of which can be closed with a brick.
The furm is hemispberical. The model used in Mao is 2.3 m in dismeter and approximately
2 min height. its volune is 16 m°.
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Sutface kiln (Figure 39) is considerably larger, with vertical cylindrical walls 1.8 m high and a
demed top that adds another 1.8 m (o the toty] height. Qne or more chimneys allow smoke
to exhaust from the floor. The kiln used is 5.0 m in diameter. Its internal volume is 46 m,
A small version of this was used for experimental purposcs. It is the size adapted lor
researen by the Federal University of Vicosa in Brazil,

Bank kiln (Figure 4 is dug into a slope, reducing the need for most of the side walis and
therefore the costs of bricks and moriar. These were built at Mao and La Celesting as
demonsirations, although the rock fayers in the soit required a brick lining. On a farm near
Man, throe operated successtully for at loast two years, Those kilng hove 3 chimneys and six
rear aiv entry holes. The body is cylindrical and the dome is semispherical, Dimensions are
4.0 mwn dizmcter, 14 high eylinder und another 1.2 m for the dome for g total height of
26 m. Its internal volume is 25 m?,

A Missouri kiln was called for in the projeet plan. This is a large conerete kiln with melal doors
and possibiliiics for ceonomical recovery of by-products, This kiln was oot constructed because its
conlinuing nse would hawe rapidly reduced the wood supply [rom the cxperimental forest at Mao.
Perhaps when there are large plantations of several thousand heetares producing wood for charcoal,
this type of kiln could be tested, Tt is completely out of scale to the present resouses base.

Figure 37, Portable metal barret kiln.
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Kitn Comparisons Direct comparisons of kiln productivity were made in several studics,
Almcida (1984h) reported gravimetric yields of four native specics produced in both vertical {parado}
and horizontal {acostado) traditional kitns in Mao (Table 55). The charcoal produced in 11 batches
had an average gravimetric yield (kg charcoal/kg dry wood)of 27.8%. Cambrén had a Ercater yield
than aroma,

Table 35, Gravimetric yicld of charcoal (%) from traditional kilns in Mao
for four mative Iree specics,

Wood Stacking Method

Species Yertical Horizontal Average
Aroma 25.4 24 .2 24 .8a
Guatapanal 27.7 27.8 27.8ab
Brucon 26.4 31.7 29 . 0ab
Cambran 30.5 32.3 31.4b

Averages folleowed by the same letter are not
significantly different from each other according to
the Tukey test (p - .05). Source: Almeida, 1984b.



142

Another trial compared the two types of traditional kilns with two models of brick Xilns {Rosado,
Ramirez and Ferrer, 1986). Only baitoa (Phyllostvion brasifiensis) was used.  Results indicated no
dilferences between the two traditional kilns or between the two brick kilns {Table 56). However, the
brick kilns were much more cfficicnt than the carthen kilns. The brick kilns produced 1,57 times the
charcoul (fixed corbron) us the traditions! method.  Thus, proper use of brick kilns could help reduce
the pace of forest loss. Perhaps more relevantly, the plantation investor eould gel much more salable
product trom his wood by investing in the construction of brick kilns,

Table 56, Comparison of charcoal made with Baitoa (FhyHostyion
brasifiensisy in four lypes of kilns.

Gravimetric Fixed Carbon
Filn Fized ¢ yield viald
type (%) {43 (%)
Tradicionat
vertical 10.1la* 40.1a 28 .1a
Traditional
horizoneal hE.Ga 34, 5a 23.6a
Bank/brick 72.4a 22 .6b 16, 8h
Half-orange 7l.1la 22 . 4h 16.1b

"Averages in a column followed Ly the same letter are
not significantly different at p =.05, by Duncan‘s
multiple range test.

Source: [osade, Ramirez and Ferrer, 1986.

Tests also were made using Pinns oceidentalis, an unusual species for Dominican chareoal
(Figure 41). These tests were in Plan Sierea, using an 11 m™ hechive brick kiln and smaller (raditional
earthen kilns, all operated by experienced charcoal makers. The methodolozy of (his slanly involved a)
determining the moisture content of the firewood placed in the kilns from oven dricd samples, b) the
total and dry weight of (he woud per charge, ¢) the weight of the charcoal produced, and ) the
chemical analyscs of the charcoal using technical standard ASTM D-1762/64.

Constdering the averiges of the treials in Table 57, Ferrer {1987) found the brick kilns (o be 39
percent more clficienl in weight yields than traditional kilns, The average yicld in fiied carbon, the
mast relevint measure of efficiency, was 19.5% in carth kilns and 21.5% in the brick kiln, The guality
afl the charenal, in wrms of fixed carbon per unit weight was equal for both (ypes of kilns, but (he
quantity of charcoal produced hy the brick kil was greater for the amount of wood used. Likewise, the
amount of fixed carbon produced per stere of wood in carth kilng was only 72 pereent of (hat in the
briek kilns.
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Figure 41, Loose structuring of kiln doors allows an escape vaive for
aectnmrlated siperheated gases which were most common
when making charcoal from pine residies.
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Table 57, Chemical and physical analyses of three charges of charcoal maonfacturcd with Pinus
occigenialis in earthen and brick kils.

Charge No.
1 2 3

Kiln Type
Hoasurament Brick Earth Brick Earth Brick Earth
Physical Analvysis
Wood Moiscure (%) 651 372 56.6 38.7 0.6 5.6
Dry wood welght (kg) 3038 1004 2810 593 2736 737
Charcoal weight (kg) &00 174 712 203 778 147
Weipht yield (&) 26,3 17.3 25.3 20.4 28.4 19.9
Chemical Analysis
Volatile materials (%3 16.3 17.4 3.9 20.6 8.8 17.4
Ash (%) 1.6 2.5 1.2 .9 0.9 .8
Fixed carbon (%) 82.0 §2.1 89.9 718 .6 0.2 81.2
Yield Fixed farbon 21.6 14,2 22.8 16.1 20.0 16.2

Source: Ferrer, 1987,

Species Comparisons For many years ihere were rather rigid consumer preferences lor charcoal
made from certain tree species.  Throughout (he country, older people affirm that the best charcoal
camé lrom puayacin (Guaigenm offfcinale). But this is rather rare in commercial sizes today. Today
the market accepls whatever chareoal 15 available, although older houscwives often comnent on the
declining guality.

Among the preferred species for higher quality charcoal, according to intervicws and opinions of
charcoal makers, are cambrén (Prosopis jufifiora), gualapans) (Caesalpinia coraria), aroma (Acacia
macracanthia), candeldn (Acacia sclcroxyia)y and uvero {Coccofuba wveifera).

Baitaa (Phyltastyton brasifiensis) has traditionally been avoided for charcoal, but its abundance in
the Mao forest made it one of the fow single species that could be studied repeatedly in the larpe kilng.
Eucalyptus camatdufensis could well become 2 major source of charcoal in the next ten years,  Its
qualities were compared with those of bailoa, puatapanal and a mixture of dry forest specics (Table 58)
(Rodripuce, 1987,
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Table 58. Volume and gravimetric yiclds in manulacturing eharcoal from vadous species in bank kilns.

Dry wt. We. of Gravim. Yol. of  Bulk Vol. Volume

Species af wood  charcoal yicld wood charcoal yicld
{kg) {kg} (X} {st} (m*) {st:m’)

Baitoa 5051 1976 3.4 19,45 7.59 2.56:1
{3 samples)
Guatapanal 7182 2116 29.5 19.27 /.30 4,561
{1l sample)
Eucalyptus 6529 1702 26.1 21.00 7.57 2.77:1
(2 samples)
Hived dry forest #7351 1635 34 .4 15.13 7.27 2.63;1

spp (5 samples)

Source: Adapted from Rodriguez, 1987

Costs of Charcos] Manwlacture Cost estimates of charcoal producing operations were made by
Rodriguez (1987). The estimatés may be higher than an industrial operation, since they include figures

from the experime atal forest where measurcment an development of technique were as important as
praductivity.

Tree cuttiug was done by machete and axe, Average produetivity of workers in cutting and piling
was 4.0 steves/man/day, with 3 range from 2.8-6.2. The workers observed were on a private property
and on the Mao Experimental Foreat. All were paid by the dav.

A case stndy of costs was modcled afier 4 3-kiln operation on a private clearcutting of a dry forest
parcel {Table 59). Rodriguer (1987) determined that one kiln operaling at nermal capacity could use
540 steres of woed per year; thus Lhe operation’s eapacity is 2,520 st/yr. The yield was about 2.66 steres
of firewood for cach cubic meter of charcoal.

The distribution of the costs by percentage amang the various operations is a good starting point
for folure cost-saving cfforts. Far cxample, it niay be possible 1o save internal transport costs by irying
dilferent conveyances and systems of paying for movement of wood from cutling site (o kiln. Loading
and unloading the kiln may be made more ciificient by developing eurclully defined routines or paying
by piecework.
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Table 59, Annual costs of charcoal operation thal has three brick kilns and uses 2,520 steres of

wood /yir.
Productivity Costs/yraar
Operation PELSOT- 2ays for 3 kilns % of cost
RD &

Cut and pile 0.222/stere 5,5%4 .00 13.5
Loading {(hand) {.05%/stere 1,486 .80 1.6
Transport to kilns 10,164 .00 24 04
Unloading 0.019/stere 470 80 1.2
Piling near kilns 3.033/stcere 831.60 2.0
Loading kilns 0.200/ztere 3,040 ,00 12.1
Unloading and

cacking chareoal 0.533/m° 5,047.50 12.1
Supervisor and

operator &,600.00 15.9
Sacks foE charcoal

{6.2/%" charcoal) 2,935.50 7.1
Tools 502.00 1.2
Kilns 3 @ RDS 2000,

depree., 3 years 1,872.00 4.5
Storape shed 1,020.00 2.4

41,572.20 100.0

Source: Derived from Rodripuez, 1987, Cost figures in 1986 pesos,



147

Waood and Chareoal Markeling

Commupity Copsymytion Studies To provide cstimates af (he impottatee of firewood angd
charcoal in communitics sround (the Dominican Republic, rescarchers feom 15A, COENER and
students doing thesis work all contributed 1o the still incompiets knowledge of consumption patterns.
These lypes of studies allow Toresters and mvestors (0 estimate the demand for plantaticn produets,
thus puiding decisions abowl the size of area 10 be planted, the annusl viclds Lo seek and some idea of
the murket prices.  They also provide an interesting deseription of the importance of wood in
Dominican hontes wnd businesses (Figare 42).

Figre 42. A popsdur use of fuehvood and charcoul is in roasting pigs, turkeys and chickens,
us well asise In pizzerias, bakedes and street side food enterprises.

A stidy by COENER and other government agencies, summarized only in press releases in 1985,
indicawed that (wo-thirds of Duarinican homes uotilized dendrocnergy for cooking, partially or
completely.  The proportion varies aceording (o regions (Table &), This percentage projecis Lo
P58,400 lumilics. Tn the citics, 39 percent use chareoal ur wood, while in the rural 20nes, 80 poroent Use
principally the encray supplicd by trees. These Bgores are similar (o those reporled earlier by Jennings
and Ferreiras {1979).
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Talie &, Percent of familics that use Toclwood
and charcoal, 1985,

Region Percent
tlational Distriet i3
Cibazeo (north} 74
Southeast 7
Southwest a4
TOTAL a7

In rural arcas, other carlicr stodies had indicated the great reliance on wood as almost the only
source of domeslic encrgy. For example, Beynosa (1983) studicd ahowt 100 homes in the watershed of
the Rio Cuevas, a bow income rural arga in the provinee of Azua, Wood was collected, usually at oo
manetary cost, from pulilic and private lands by virtually 3l the rural residents. In the lowns, there
were some purchasers of lrewood, incleding the bakerics and restaurants, and some users of charcoal,
but many also sought their wood personally,. The deforestation of the walershed was of concern 1o
many of these people Wecause of the increasing shortage of firewood and the necessity o walk lung
distances 1o cofleet it

Similur concerns were cxpressed by residents of Mao, Aminag, Los OQuemados, Inoa, La Yepa, and
sveiba, The large markets in Santo Domingo and Santiago for charcoal have also faced shortages,
more severe problems are (o comie, as the commercial operations crcaunter the Haitlan border and
the end of the oatural resource,

Buena, Checo and Reynoso (1985) studied the residents of Inoa, a mouanzair communily that has
long dependod upon the adjacent mied pine and hardwood forests for both ol and #s forniture
industry. The forest resource had almost disappeared from (he viamity of this communily, Its cilizens
walked an averape of 2.2 kilomelers fur wood, which is still virtually the only major cooking fue] vsed in
the community, The 165 of the residents thal uscd gas also used charcoal or fuclwood.

By wsing inteeval sampling, this stody accuratcly measured the use of firewood and charcoal
during a piven period of time.  OF the Tamilics *hat used frewond, alone or in combination wilh
charcoal or gas, the average consumption was 4.3 "loads™ of 133 1bs. per monih, or about o quarter of a
ton of woed per month per femily, Usiog a conversion of 0,67 metric tons of wood per cubic meter of
firewood, the authors estimated that each of the sampled wood-using families was consuming 0.38 m
per month. Assuming thal the sample is representative of the community of 242 Tamilics, the Grewood
consum ion of Inoa is 1 m? per month or 972 m? LT YT,

Charcoal was produeced by the famr o5 that consumed it exeept in oo case. Thirty-six percent of
the Familics used charcoal, at a rate that wtilized about 0.362 m™ of wood per month, Projected 1o the
commmunity, the yearly demand for charcoal was nearly 384 m’.
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Using thes: consumption cstimates, the community of Inca cansumes about 1356 m of firewood
per year just for conking. O the generally low-produciivity soils of (he area, this would imply o forest
plantation af slightly kess than 40 ha producing 10 m{?’ hafyear, However, using growth rates of the
nativr: farest, Buean, Checo and Reynosa (1955) estimated thit Inoa residents were harvesting the
equivalent of the growth of more than 340 ha of farest, Familins had ingreasing difficulty eollecting
Grewnod. A lack of wood was (be main reason given for ool using charcoal.

Charcoal Marketing Models Until the first commercial plamation began (0 preduce chareoal o
late 1987, chareoal markeling invaled a rather camplex process. Tt was bricfly described b Jeonings
and Feergiras (1979) and by Hartshore et al. (19813, The COENER and the wapd fucl rescarch
program personnel oliserved several of those processes leading to a detailed study in one region of the
country {Luctana and Cheeo, 1980). They focused primarily on the manufaciure of charcual, A study
of eonsumers and retailing was conducted in Suotiago by Ramirez { T957h).

A simple maode] und its variations were deseribed by Jiménez and Cueballos (19863, based upon
their stady of the Mo region and interviews with researchers of the southwest.  In this medel
{Figare 43}, al deast v types of ceonemic units are invalved in the preparation aod sale of charcoal,
A sixth i ignored beeause there has heen no economic investment or sale in the forest peoduction,
The native forest ix considered as a yift, since the owner (government) has oo mechanism or nlan for
charging for the wood that is illegally cut from public Linds (Fipore 44 and 45). In a planlation system,
the forest pwmer woeuld e expecting compensation for the timber.

CHARCOAL PRODUCER

T

-

TRUCK DRIVER
CONCENTRATION) Figure 43. i::;;?ai::::;kﬂ”ig
DISTRIBUTION CENTER Jimdner and
. Cebalios, 1986,
HETAILER I
CONSUMER }

The nrmal channel for the vast majority of the charcoal produced in the southwest, northwest
and castern parts of the country follows the central path of Figure 43, The charcoal producer 15 an
individual or small group that uses traditional carthen "kilns" in a forest that has nsually breen previously
cut severil Limes. They put the charcoal in sacks, set it buside the oearest rond, even il it s a rouprh
track. A chareoal treck driver runs u route seeking charcoal, buying it on the spot from the producers.
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The truckes then debivers the fuli sacks to a concentration yard or wholesale distribution center, where
he recewves o payment. Tn some ciases, the trucker may be traveling several hundred kilometers and
there wall he a considerable markup oo the chareoal, over the price pald at the poaint of production.
The wholesale depository typically sells bulk quantities to door-lo-donr vendars, many of whom (ravel
by denkey or mule with two lurge fiher sacks over the saddle. These vendors then travel 1-7 km (o sell
oo doily or semi-daily basis to regular customers,  Consumers in Santiago normally huy one ar two
Mo, i cans of clarceal per day,

Figure 44 Chareoal trenveling from producer to retatfer near ET Valle, 19588,

Some consumers buy direclly from the distribution center, normally in the larpe sacks that hold
20-30 kg {verape of 62 1bs.) of charcoal. Tn some rursl wreas, the consumer may also by directly lrom
a truck driver Iriend or from the praducer who is working nearby. Near Man, same producers bring
their chareogl to town on a string of bureos, selling doar (o door to consumers or Laking the product to
a whelesale depository. En the easc of o Tew small wholesale dealers, they take a pickup truck imo the
country 1o boy dircctly from producers. Often, these are neightsorheod depesits that sell a large share
of their chareaal directly tor finul consemers,  Because their supplies may be irregular, retail sellers
eannat depend upon regelar availability of the fuel.
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Figrire 45, Fomily firewood collection and tronsponation in Moo,

Thus, the praducer has three oplions. #Mast sales are (o 1ruck drivers, some are to wholesalers
amel somie are ta consumers. Truck drivers live one main aption of selling to a distribution center and
a minor opiien af selling 1o consmmers dircctly. A wholesaler typically buys whal is brought Lo his
deposit. In Jarge citics, (his is nearly alwiys by trock, often fram long distances.  In smaller
communilies such as Mo, much charcoal is delivercd by the nraducers. These eoncentration centers
may sell cither to consumers or 1o retailers,

I was noted y Lucisno and Cheee (1986) as well as by Timéoer and Celallos (1986) that (he
p1duces has Bitle or no influence aver the price he receives for bis praduet. The truck diver sels the
price and there s litle negotiating, leaving the producer the alternative of delivering the product
himsell or not produciog more charcoal. The fact that charcoal becames seare in the country during
the agricultural plunting and harvesting seasons suppests that, when presented with the option, many
producers prefur alher activities.

The ambulatary retailers of charcoad in Sanliago (Ramirez, 14987b} paid RD$22-35 per sack and
suld by the can at RDE3LSU-4) per sack.,  They sold two to Tour sacks per day al o marpin of
RDE5.50-9.50 per suck. The wholesale dealers at the large deposit points reported paying RD318-30
per sack during November-December 1986, sclling at 1he R1$22-35 indicated above, for o pross profit
af RD34-5 per suck, They sell 75350 sacks per day, In Santiagn, there are alse some small retail sales
businesses that bandle charcoal,  Their costs and reluros are glout equal to Lhose of the ambulatary
sellers,

AL beast ome plantation awner Las developed o simplificd marketing system for some of his
chargoal. The charcoul, produced in brick Kilns from Levcacna, is bagged in small plastic sacks with a
brand name (Figure 46).  These are sold direetly (o local supermarkets.  The cansemer pays a
competilive price and takes home a convenient, clean package, The producer af the chercoal beacfis
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from a higher gross rcluen on the chareoal. I the plantation is located close to the market, low
trapsportation costs contribile 1o 4 high net ineome for the charcoal producer. The use of a brand
name reintroduces product differentiation into the market, giving (he consumer some indicator of
charcoal qualily,

L
g

LY RIS
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Figure 46, FPrepackaged hap of charcoal at Bruged Mlentetion, Puerto Plata.

Conversion to Giler Fuels Tha possibility of conversion of the populatisn o gas or eleetricity for
cooking is a costly altcrnative that may become necessary if forests aren’t planted soon. Many other
countrics have followed this ehaoge, almost irreversibly.  Their populitions apparently prefer the
cleanliness and greater convenienee of noo-weed [uels. Mevertheless, in the Dominican Republic, (s
Factors linit the factlity of conversion. The cost and the lack of availability of allernatives.

The cost of a stave and bottle for s s relatively expensive, inbibiting many famtilics rom the
initial purchase, Electric stoves are used wery Little in the country, even among the wealthy, Electricity
is eostly. Even though charconl may sometimes cost more thun gas or (he current electric charge, the
prices of the apparatus make these alternatives inaccessible. The availability of gas and clectricity 1
irregular and limited, as well. Freguently, the Deminican Pelroleum Refinery Gnds it dilficult (o sutisfy
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the existing demand of the population for LP gas. Many rural rusidences (more than half) do not yet
have aceess Lo eleetricity and perhaps a thivd of the urban resideices with electricity are connceted
illcgally and very precarinusly.

The degal impediment t tree cutting and the legal complications involved with commercialization
al charcoal, in effect since 1967 and reintensificd in the antumn of 1986, emphusizes the need for g
prompl sobution te the disappearance uf the basic resources that are sources of wood CHErRY.

The solution thal secms most logical and benelicial to the country is cxpanded foresy pradueiipn
witli the key purpose of producing fuelwood and chascoal. This SITHLCEY presenis ceomoniic advantapes
{o the country in that the fucl is produced within its borders und by its citizens, thus preventing the loss
of foreign exchanpe that would e necessary with couversion to clectricity and parrnfeum.  Alsa, wood
i5 4 renewable resource with many other wses tat can spur ceonomic development,

The immeediate probicm s tat the native forests ave being cxhausted rapaddly, ciusing progressive
increases in the price of wood based enerey, There is urpent necessity (o plant trees on a large sealc on
productive soils ty reach adequate production leveds to prevent a very costly fuel schatitution process.
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CHAPTER V

POLICY

Plantations are a key (o rational foresiry and land use in the Dominiean Republic,  Wise
management of the native dry forest and preductive plantations lor fucl, small wood materials, and
suwlogs are vital to the nation’s cconomic progress. The lack of lores: plantations and rational native
forest management is a major limiting fuctor and wiil eontinue Lo be a stumbling black until addressed
seriously and svstematically.

The majorily of the Dominican Republic shonld he covered with Torest according o Jand uwse
assessments by the Organization of American Stales in the 1960' (Hartshorn et al,, 1981). In other
words, much of the nation does not have the natural capabilily to sustain uses olher than lorests aver
the iong run. The fact that these capatilitics have been violated by short-term larming, pasturing, and
other uses has resulled in major deterioration of much of the nation’s tand, Tts future productivity is in
serious question, Tor larest production and for many other uses. The present shortage of wood and
expanding demand ler woond products, crops, and livestock, coupled with a lack of consiructive and
integrated effort (o protect the lund, suggests that the prolidems will become much worse belore
tmprovenients lake cfiect.

In noting the severe deterioration in must of the nation’s watersheds, an internatic nal consulting
group {Hartshorn et ai., 19813, drew the lollowing conclusions:

Watershed degradalion is a national catastrophe posing prave threats to costly
develupment projects.  Irrigation systems, hydroclectric dams, and aqueduets are
rapidly losing funciional capacity duc o massive silitation, poor water qualily and
chanpes in strean- flow regimes,

Their prediction for the future was pessimistic in 1981 and therg may be only a slight indication that
there is mare reason to be optimistic as the end of the dewude approaches:

Given the serious and pervasive deterioration of watcrsheds, the institutional
confliets and unwillingness to address the prablem in an integrated cffort, and the
increasing human pressure for land, one can only conclude that Dominican
watersheds will continue 1o deteriorate in the near futere.,.canverling a renewable
natural resouree (o a aon-renewable ar increasingly costly resource {Harishorn et
al., 19311,

M.any Dominican and foreign experts have used similarly strong words to emphasize the gravily of
the Dominican forestry situation. Perhaps emphasis on the positive cconomic apporiunities in forestry
will he productive of fulure change. There is a strong passibility of improving the situation, ! requires
some rather simple actions and policics, Whether 0 not there is the will o implement these actions
and policics is the key guestion, onc which these ~vilers cannot answer bul can only indicate the
urgencey of quick action and the great henefits (o the crtire nation and individual landowners who have
the visian and courage (o plant trees.

Forestry Solutions for Econemic Development

A lnng-lerm forestry program can produce rapid, positive, industry-stimulating resuits. Politicians
can have long-term impacts on (he nation, proving their vision, patriclism, and statesmanship by
pramoting effeetive forestry solutions thal will live long bevond their few years on the political stage,
These salutions can be achicved at very littie cost to the nation and they should produce enormous,
long-lasting and rencwable benefits,
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The development of a vigorous flerestry sector in this nation is 2 key to sustained cconomic
development. The process of economic growth is now paralyzed, in large part because of the lack of
forest resources and parlly beeavse of the degradation of other economic resources that deforestation
has produced.  The insidious by-products of nez..; 300 years of deeimation of the forests include:
crosion and sedimentation that are elogging hydroclectric and irrigation reservoirs, uneven and
unregulated water supply, dependency vn imported eoergy, dependeney on imported wood products,
and economic despair in delprested rural arcas.

Fayofls from the development of [erestry can be very high in the Dotminicar Repablic. The Wood
Fuel Development Program hus shown that growth rates are verr fast end that under proper
munagement lorestry investimends are likely to be lucralive, A realistia, cost-efTective Torest resonrce
program requires a serious commiitment and will necessarily invsive mstilutional  development,
sustained support of forestry research, and some patierzz = ith the concept that productive lorests
require Tollow-up after the trees are planied,

The logic of the solutions through [orestey includes these basic postulates;

b The forest, rationatly manaped, provides a major source of energy that 1s renewable,
vasily aecessibbe, muarketable and prodoctive of employment. Without this source of
coergy, which is disappearing very rapidly, the eountry will have 1o imporl meore
retroleum, thus worsening the balance of payments,

b An cxpanded forest resource can provide raw material for many new indusiries (hat
would employ people io rurai arcas, provide needed wood and wood-based products
that are now imported a3l greal exnense 10 the nation,

B The fowest protects and regulates watersheds, providing 2 more even, abundant
suppey of water. Without loresd eqver, the cxpensive reservoirs are fillimg with the
eroded soil from the watershed i supplics the arlificial lakes. The water used for
irripation becomes very irregvlar without the steady release thal ocours under
[orests. Thus, many rivers in the Dominicon Republic have become dry during the
perinds when evigation water is most oceded and dangerously overllowing during
the rainy scasomns,

B The forest holds and enriches soils, Where the [orest is stripped, the seil soon
erodes, leaving poverty and little hope for recovery of soil productivity.

During the course of this project, 5 national reforestation plan was prepared by the ISA faculty
{(Maorell et al,, 1987). Tt sugpested poals [or gaining sell~sufficiency in various sectors of the lorest
coonpmy us lollows:

I, Charcoal and industrial [uelwood: Plant 29,200 heclares per year for seven years.
This totals nearly 205,000 ha (3,250,550 tarcas).

2. "Campesing” iuclwoed and agrofoesstry: Plant anather 10,000 heetares per yoar for
seven years, generally in small pareels, The total arca in small scattercd plots would
be 70,0000 bug (3,173,000 Lareas).

3. Sawn wood:  Plant abow 250N heerares of pine and other woods each year.
Eventually 37,0080 ha (583,300 lareas) arc needed for a sustained supply (0 meet
current negds,

The tolal arca reguired Lo meetl these objectives is 312,000 ha {almost 5 million tareas). With (hese
plantation programs and prolection of the natave Torests, the country could become sclf-sulficient in
wond, Sinee wood use expands on a per capita basis with cronomic developinent, the base for furure
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consumption, new indusiry, and cven export industrics would also be present. There is no danger of an
excess, In the tropics, deforestation is @ feast teo times the rale of reforesiation and many Lropical
countrics are still importing much of their wood needs.

Likewise, there is no danger of pre-empling agriculture or prazing, There is penty of room for
better agrivulture, more produclive animal produ:aon and a complelely sell-supplicd wood indostry
{exeept for ceriain speciulty products or trade wood). The 312,000 hectares required for plantations
only amounts [a six to seven percent of the national land area. Much mare than this should be planted
just {or watershed protection.

There is an urgent need to continue to improve agricultural produel ivily in the Daminican
Republic. Crop production and Jivestock production methods can be improved so that small farmers
can mure: elliciently supply their own needs and participzte more actively in the market, The clficiency
ol agriculture direetly sifeets 1be futwre of Torestry. They need (o develop together. Good forestry
requires betler agriculiure and sustained agriculture in this country requires good management of the
willersneds,

Governmend Forest Policy Goals

Bascd upon the specches and action of thice presidents and other influential citizens as well as
variows studies and reports, the nation's forest policy of the Dominican Republic seems o include the
fallowing intentions (knudson, 19873

1. Maintain the national parks as natoral preserves, allowing restoration of (he
ccosyslem wherever it has heen disturbed by agriculture. '

2. Inerease the forest resource base through pluntations of [ast growing trers which
will supps enceyy needs, thus reducing the drain of foreign exchange for petroleum,

3. Inerease planiations of sawlop species, thus providing a resource Tor now-idle
sawnills andd Furniture Tactorics,

4. FProteet the key wadersheds with Forests (o reduce siltation of rescrvoirs, o assure
steady supplics of waler fur irrigation, o reduce sedimentation of rivers for hetter
ndustrial and shipping use and to maintain quality and quantity {low for domestic
and indusirisl waler supplics.

3, Prolcol native Giung and increase its habitac.

Little has buen said aboul managing native dry forest resourees, Recent decre s have established
zones for charceal production under national management, but the arcas are so lfew and the
management imethods or enforcement so undefined that there is a need for further development of this
policy to make it cifective.

Prospects for Farestry Development

Achicving 4 major turnaround in forestry in (he Dominican Republic involves social, economic
and political questions. The mix of lactors makes the prognosis rather complex. There are several
levels of analysis and distinetly dilferent owlooks. The technical, industrial, individual investor ffarmaet,
and the national wellare levels are examined betow,
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Technical level.  Tremendows potenfial and a need for techoical expertise in
selecting sites and tree species sumemarke: the foresley upportunities, Results af this
program indicate that there are siles where cerlidn tree speoics grow well, provding
large volumes of wood in short perindds.  On the other haned, there are some soils
that need intensive care o produce o reasooable stand of tees.  In terms of
techmeul furestey, then, the country hus many Tuvorable conditions and many
challvnming voes Tor resoiving its serious lorestry dilemma. There are large arcas of
idle lands wisich could casily be cooveried (o Torestry, bencfiting the landowners as
weelb as sociely,

Industrial bevel. Frustration and wocerlaiaty abow forest policy are two words that
miy best desenbe the current atiiiodes of maoy enteepreneurs. Tor all practical
purposes, furestry as an indestry is oulawed,  Although Torestry Taws appareatly
allow the harvest of plaation trees, the interpredation by authorities in the feld bas
not been clear, Tosccurity about what the government will or will not allow in 5 10
W yeurs mukes many peaple reluctant foiovesl, Theoe are consideralde industrial
apportunities vn lurpe raets of laod, The de-cmphasis on sugar produetion has led
severd] firms to consider plans for afforestine the poorer supar cane lamds.  This
seents iy e o commendable policy that should be pursued with vigor, Asserliveness
un the part of dredwstrics will prohably produce goveroment complisnce with
reasonable plans,

ndividual investor o larmer level Domimican landowaers can be eothusiastic
about Torestry when they feel assured {centified or otherwise) that the governmenl
will allesw them o cut and sell the trees that they manage. 10 1his big roadblock of
political uocerininty were clarificd Tor plantations,  there would probably be
considerable planting,  This is o pervasive problem sod major consideration {or
tnost landowners.

Muny peopk: will plant trees withow povernment loans or incentiv. |, some are
already doing i, They do not wanl the delays, expensive trips to 3anlo Qomingo
and the paper-work that is required. These people whe plant withcut governmert
"help” are thuse who should receive the hirst permission 1o harvest what they plant,
There should be no need for 2 person to have to seck {or pay o) a permit to cut
products rom i plantation,

Ta halt deflorestation, the market for Tuclwood and chareoal must he saturated from
sume sourse other than the native forest, The only feasible and quick (7-10 years)
substitvle for the native forest is 2 massive, positive reforestalion program. It scoms
that the only practical way (o get thal going is through many private landowners.
Sioee much of the privats lund is cwned by a4 small number of wealthy peaple, large
individual efforts ean be mounted.

The trigeees 1o got reforestation started scem o be: 1) technical information, partly
supplicd by this project, 2) lechnical assistance, supplicd by newly irained forestry
consultants and younp professional Toresters, and 33 povernment assuranee 1hat (ree
planters can frecly cut the trecs (hat they planted and reccive the income they may
durive [rom their sale.

National welfare lIevel,  Up to 1384, the best cstimate is that the Dominican
Republic had reforested 6,177 bectares in lotal, There are indicalions thal hetween
1962 and 1980 there vere 373060 hectares deforested, despite the acenmulation of
legal prohibitions, published and broadcast appeals to prolect the lorests and the
numerous authoritics who prhlicly declared, sppealed and ordered a halt to culting
{Sanla Cruz, 1988),
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The forest policy of the Dominican Republic has been focused on pratection as a
way (o conserve the natural resoorces. FAO invesligators (Santa Cruz, 1988)
identified over 400 documents going back 1o 1844 that attempt Lo contral foresl
exploitation,

Despite this, the loss of forest and degradation of mountain lands has been a
long-term process, perhaps aceelerating in recent years with the increase of
population pressure. Warnings, prohibitions and spurts of rigid enforcement have
andoubtedly had an effcct in slowing the disappearance of the forest, bul cven the
national parks arc not immuooe to the pressing need lor fuclwood and the demand
for wond from clandestine industry.

The government role in these plantations may be (wo-fold: first 1o support conlinuing rescarch
and demonstration and second to sponsor or supervise public incentives lor seme kinds of plantations.
The major effort of the public agencics should be in establishing large pubslic “national forests,”
reforesting watersheds and other degraded areas, social forestry, management ¢f fauna habital and
pitks, and integrated watershed planning and inanagement (Santa Cruz, 1988).,

Such a propram will give positive emphasis (o .conomic development through forestry, in contrast
Lo the past policy of trylig to hall economic use. The protective function musl continue in order to
keep existing forests intact. The important next step is 1o provide for a basis for cconontic growth--to
turn the forest from something that is prohibited or *not ours™ in the minds of the campesinas into
somelhing that cun offer a rationa] source of wood and other products to support a growing economy.

The develnpment polential of the forestry sector is great.  Beeause most cconomic activity using
locally-grawn woed is clandesting, there are no data on its importance. Santa Cruz {1933} poinled out
that the contribution from the forestry seetor Lo Lhe Gross National Product probably cannol be more
than I per cent of ifs potential,

A national forest policy is needed (hat is comprehensive, The FAO Tropical Forestry Action Plan
contains five clements that are good puidelines of the arcas that urgently need atlention {Santa Cruz,
1988):

i.  Silviculture and land use that includes the rehabilitation of mountain watersheds and
semi-arid lowlands.

Industrial development using raw material from the forest.

Fuclwood and charcoal,

Comservation of tropical lorest coosyslems.

txevetopment af institutional capacily,

MR g

Pasitive, constructive action seems (o deserve an appariunity [or a trial. Tt is the impression of (he
research team, including the Dominican and foreign advisors, that the private sector is able and willing
to cslablish plantations,

Nine Recommendations for Fercstry Pengress

1. Remove the great political impediment 1o privale reforcsiation.  Official sources
should make it very clear that one can harvest that which is planted.

2. Continog to profect the native [forests, requiring ralional management and
preventimg the catry of cattle, 1t is nol recommended that existing native lorcsts be
cul off in order 1o replace them with plantations,
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3. Intensify the protection of national parks and preserved zoncs. Prevent agriculture,
grazing and limber harvesting for any purpose within these preserves. At the same
lime, invest in good internal trails, protection of the resources and systems of
inlerpreting the natural values to the public.

4, Support forestry rescarch on a sustained basis, with continuous financing through
private and public means,  Such seientific investigation is vital 10 the success and
elficiency of coconomic progress in the forestry sector,

3 Plant 30 to 50 per cent of the sugar lands of Monte Llano and Amistad 1o forest
species. Evaluale the possibilities of reforesting parts of other sugar plantations Lo
help diversity (he coonomy, employ sugar workers, and reduce the (orcign deb,
Many of these plantations have an excellent, simple transportation and operational
infrastructure that would by ideal for forest plantations and industry,

6. Fut idle or underused rural lands into forest prodrstion. The owners should plani
one-1hird or maore in Irees; if they fail to act, the government could contract to plant
and cultivate trees for two years to form the plantations and then bill the landowner.

7. Officially cstablish and put in operation a system of national or provineial forosts
(not the same as national parks} on cenain public lands whese a major objective
would he production of wood for harvest and sale. The lands can be managed to
produce various other benefitg as well, including watershed protection, recreation,
and wildlife habitat.

8. Simpliy and sircamline the processes by which a landowner can get approval for
rclorestation projects. The simplest procedure is (o permit all Lo establish and usc
plantations, without permission, just as with agricullural crops.

9. Creale cnergy plantations as part of cach aprarian reflorm seitlement, managed
rigarously by a lechnician and forestry consultant.

Research Development and Policy

One of this program’s key aspirations was le develop institutional and individual capacity to do
research in forestry al 154. 1SA and COENER personncl have demonstrated their capability for
conducting and disseminaling research, given adequate resources and steady 1echnical reference advice
and c¢ncouragenent.  However, as the project lerminates, the 18A program is diminishing in the
number of echniral and ficld personnel, o the point of endangering the continuing existence of the
plantations, permancent plots and kilns,

The importance of financial continuity in support of research is evident throughout the world, 1t
is much morc urgent in developing countries with few research traditions and a limited number of
capable researchers. Long-term projeets that have fong-term objectives arc certainly vital to sustained
cconomic desvelopment.

At the present time, 15A has not developed mechanisms (0 financially support its new Jorestry
rescarch cffort.  Unless there is continving funding {rom some source, the important fufure
measurements of current rescarch trials may not be made. Al best, it will be difficult to get results into
print. At worst, the plantations will have inadequate proteetion from livestock, wood-cutters and even
settlers. 1 is recommended that 15A give increasing emphasis to the methods of developing long-range
rescarch {unding.  Faculty should be encouraged (o scek research support from the U8, the
Doninican Republic Government, and other sources.
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The growth of forest plantitions and industry will neressarily be accompanied by a growing need
for rescarch, some of which must be supported by povernment.

It is recommended that the TSA rescarch program be sustained by international and national
funding for the next 5 years. During that time, private funding sources should be developed to parially
replace the public suppart. Most of these private funds can come from Dominican industrics and
landowners, as well as 1SA-gencrated income, Alter 1992, ISA could hawe a lorestry rescarch program
that is funded 30% from public sector Tunds (for basic studics), 35% [rom specific grants, and 35%
from funds generated within the privale scetor on a sustained basis.

One madel reeommended is the "Sociedad de Investigaciones Forestales™ in Vigosa, Minas
Gerais, Brasil, in which industries pay monthly {ees to support a research ofiice and continuing stodies
at the university,

Another source of support can he self-gencrated from consulting by an "ISA Faorestry Company;”
a plan preparcd in 1986 for the school would provide strong incentives ta facully members to help
support Lthe imstitution theough consulting, while increasing their own personal income.

The Mao Experiments! Forest and 154 Campuos Foresis

The 900- 1IN hecture property in Mao was donated to 154 for loresiry rescarch and seocms most
apprepniale for continuing this activity, The plantations aned native dry forests at La Herradura ISA
campus also alfer exeellent opportundics for praductive research and demenstration on a long-term
basis. I offers ISA an wousual opportunity for long-term scientifie contiibutions 10 the international
communily, especially the tropics. The dry subtropical farest is one of the least siudicd and maaged
of the world’s vepetation zanes, ! has suffered centurics of abuse; its decling in Africa, Haiti and
Braul is associated with considerable human sulfering,  This forest resouree is very important o (he
Doaminican Repuldic and its luture patential for fuelwood production.

The two properties, well-operaled and supported, can bring 18A international stature and the
collaboration of scientists from many natioms, ! also is an outstanding natural environment that should
be protected from grazing, poaching and unplanned human intcrvention, The management of 1he
properly will also bring its sharc of distress and headaches.

To minimize conflict and 1o maximize the propertics values, it is recommended Lhat:

1. The dominant purpose of the Mae Experimental Forcst and 1SA campus forest be
for research i the arcas of native forest management, ecology, wood utilization
studics and plantations.

2, The Mao property shoukd be zoned, as has been done under the program. Al least
25% of the property should be kept as a natural reserve; nol (o be cut, thinned or
olherwisc manipulated, Studics of natural stand dynamics are vital here.

3. Throughout the prapertics, the native fauna should be protected rigorously at all
times. The native flora and soils should br carefully protected and perpetuated in
mosl of the property.

4, In some areas of the native forest, careful studies of thinning, vine control and
different harvesting-regeneration methods should be continucd.

5. Expand plantation cxperiments somewhat, including enrichment plantings in some
areas and pure plantations on droughty soils using native specics and exolics such as
leweaena and nectn,
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6. Establish control plots of native forest to eompare its productivily with plantations
and silvicultural management of the forest.

7. Recognize and provide for long-term rescarch.  The dry conditions suggest that
20-25 years will be required before compleie responses Lo today's activitics will be
known. This reguires excellent record-keeping, constant publication of PTOETCSS
reports and measorements, good financing, and cansistent suppariive
administration.

8. Encowrage the visits and collaboration of scientists and students 1o the property.
Their enthusiasm and attuchment (o the area may help to prolect it in times of crisis
and will give 1SA-Forestry greater public recognition.  Tour groups and
bird-walchers might be charged a fue for guided tours and special use of the Mao
property. These visitars will express opinions about how 1o best manape the arca.
15A can consider and evaluate the opinions, using \Lose that are most appropriale.

9. The idea that the experimental forests should be sell- supparting is probably not
realistic, although the propery will surcly be able to gencrale some income.
Admission fees far {ourists, production and rale of churceal, honey, and various
wood products or novelties can bring in several (thousand pesos per year, cspecially
startitg i 1992, However, rescarch work should be funded from oiber sources to
be adequate.

10. The properlies should not be converted o agricullure, grazing, baschall fields,
schools, housing or club use, Their geeal value is as the only properties in the dry
forest zone thal are managed for (rees and for collecting reliable data abvout them.
There s already a muliitude of lands where agricullure and grazing could be
studicd.  Any attempts w turn part or all of it into agricultgral gxperiments,
production or housing siles, for whatever apparently strong reason, should be
rigorously resisted by the ISA leaders. The investment already made in lorestry
rescarch and the lack of similar alternative arcas makes these experimental lorests
precious for 1SA and for the nation.  Qne myjor requirement is that the arca be
actively used and oot allowed 1o Just sit--a lack of activity is often the key argument
in conversion (o less valuable or more mereenary purposes.

A stralegy is needed fer focusing rescarch on the needs of private investors. 'The research is
applicd, offering guidelines for individual landewners who will be planting trecs. The private facus
gives importanee to the cost and return data as well as keeping the rescarch very practical, The focus
on the privale scctor is for various reasons:

- Private landowners control most of the productive land in the country, large arcas of
which ar¢ underutilized.

- Privale investment s assumed (o be quicker and more fexible (han public
investment in adopting the ideas and making investments, once the lzasilility of
plantations is knawn,

- Privale enlerprise is lkely to quickly fund further rescarch when their invesiments
will be benefited, thus specding the development of technical Torestry knowledge
and o high level of furest manapement practice al a relatively low cost to the public.

- With diversificd private investment controlling the resouree base, it should be casier
and more efficient to establish markeling mechanisms znd new lorest industries,
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Poor larmers on unproductive, eroded soils create social problems, increase national dependency
on forcign resources, worsening the balance of payments and restricting the opportunities for eeonomic
growth.  This is nol in the intereats of cither (he Dominican Republic its trading partners.  This
rescarch program has shown that rcforestation is one practical way to stimulate rcological
impravement and coonoinic development, Privale investors in the Dominican Republic can make very
good profits on forestiy activitics. They can help the nation supply its encrgy nceds and eut its wood
trade imbalance.  Adjusted policies can remowe impediments to cconomic development and
diversification Lhrough forestry, with its many dircet and indircet benefits to the Dominican land and
neaple.
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PROJECT SUMMARY

ADMINISTEATIVE REPORT

In June 1983, the Department of Forestry and Natural Resources and Inlernational Programs in
Agriculture initiated advisory work on the Wood Fuel Development Program for the Dominican
Republic.  The assistance part of the five ycar projeet was originally funded for a (two year period,
Subs¢quent no-cost extensions and amendments continued the collaboration (0 August 22, 1088,

The project was sponsored by the Government of the Dominican Republic through the Comisitn
Nacional d¢ Politica Encrgética (COENER) and USAID (A1D Contracl Na, 517-0144-C-00-399-00).
Personnel from COENER and the Institulo Superior de Agricultura ([5A) conducted (he research with
technical agvice from facully al Purdue University and the Federal University of Vigosa in Brazil.

The project was organized to focus on four main objectives: Basic studies, free rescarch, wood
conversion, and training and institutional development.  The project scope was cxpanded from a
concentralion on plantation ¢stablishment on arid sitcs o inclide plantation establishment on
seni-humid sites as well as management of the remaining native dry lorests. Specifie objeclives were
1o

1) Dewlop and conduct a rescarch program 1o scleet troe species with potential for use in
fuclwood and charcoal plantations and o develop management technigues.

2)  Conducl rescarch on native forest managemes.

3}  Conduct rescarch on conversion of vood to chareoal,

4} Provide advisery service to Dominican scientists in lorestry and wood conversion research,

5)  Provide in-country technical training,

8] Fravide short- und long-term technical and academic training abroad.

A large sumber of individuals were involved with the various aspects of the project.  Franklin
Reynose, a faculty member in Farest Resources al the Tostituto Superior de Agricultura in Santiagn,
vias the Program Administrator. Victor Monlern, with COENER, served much of the time 25 Project
Coordinalor. Professor Douglas M. Knudson from Purdue University was the Resident Advisor for 3.8
years from June 26, 1983, to April 30, 1987, He lived in Santisgo and wus provided an offiec a1 1SA.
Jos¢ Mauro de Almcida from the Federal University of Vigosa in Brazil also was a Resident Advisor
for upe year from November 1, 1983, to November 1984, He worked with charcoal production and
research.

Technical conrdination and backstopping for the groject was maintained on the Purdue Lniversity
campus during the life of the project by Professor William R. Chaney. Administrative and logistic
support was provided by the Office of International Programs ir Agriculture under the directorship of
Dr. D, Woods Thomas. Ms. Shuron Waldo and Mrs. Kaly Lbrahim served as Administrative Assistants
(or the project. Other administiative stafl responsible Tor project activities were Dr. James L, Collom,
Associate Director, 1P3A, and Ann Oyer and Lorraine Fleetham, Foreign Student Coordinators.
In-country administrative support was provided by the USAID Mission in Santo Domingo. The Project
Officer for most of the Ufe of the project wis William H, Smith, assisicd by Ing. Leo Pércz Minaya,
The consistent support and administrative fexibility of these two penbemen and Larry Armstrong wis
esseunial to the suecess of the program.

In addition to the two resident advisors, fourteen short-term advisors from Purdue University and
the Federal Universily of Vigosa spent 13.75 person months (P/M) in the Dominican Republic 1o assist
with various aspects of the ruscarch program. These individuals, their arca of experlise and (ime
devoted Lo the program are given below,
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Short-terns Advisors P/M

1) William W, McFee, Forest Soils, 0.5
Crelodwer, 1953,

2} Guorge R, Parker, Forest Ecology, 0.3
Octaber, 1983,

3)  Thillip E. Pope, Plantations and Nurseries, 05
Fehruars, {484,

4 William R. Chancy, Physiology and Silviculture, 225
February, 1984, 1985; March, 1987 Tanuary, 1988,

31 James €3 Yoho, Forest Eeonomics, 0.5
Mlarch, 1%,

6} Armo Brunc {Bragl, Tree loprovement, 1.0
luly, 1934,

71 Antom Bartolmew do Vale (Brazil), Native Forest 10
Management, August-September, 1984,

g3 dason C, Carter, General Furestry, 0.5
September, 19R4

9 James L Collin, Adminisiration and Forestry, 0.3
Sentember, 1484,

Iy Harvey A Holt, Lerbicides ond Wed Control, 1.0
Februwary, 1985 and July, 1985,

117 Ladre Claitmenu de Lima Gomes {Brazil), 1.5
April-May, 1985,

12y Carl H. Noller, Animai Production and Foroge, 0.75
July-Aupuast, 1985

13)  Harry (3. Gibson, Timber Harvisting and Computer L3
Systems for Forestry, July-August, 1985,

14y Douglas M. Knodson, Sikdculture, .75

Janwiry, 19885 and June, 1985,

Technical and professionzd rescurch work was provided (o (he project hy several people who arg
lizted belmv, Al of these individuals speat one month or more working on the project. Mask spent one
o four yoars. They were associaled with COENER or ISA, the German Technical Service {DED), or
the Peace Corps, The list does not include mare than 100 lahorers who worked diligently to Sastali,
weed and maintain the experiments in Mao, Santiago and ather sites throughout the Coantry,

VOENER and 154 based personnel:

Beato vhedy

Marparita Belanees de Fernander
Edias Camucho
Hundserte Checo
Dario Collado

M. Teresa Disla

Peiro A, Ferrer
Manucl Finke

Allredo Gurib

Jas Riguberto Crirefa
fdoraina Herndndes
Jasé Migne! Herndndez
Fedvo Jorge

Eamén Capois King
Loweska Luciano

Jost Mercedes U,
Yictor Montero M,
Merilio Marell

José Antonie Nifez
Franklin Orilz
Céspr AL Ramires
Franklin A, Reynaso
Alberto Rodefgues 1.
Victor Rodrigucz
Jasé Rosado

Adolln Serrata
Micolis Thén
Mamerto Yalerio
Juan Villanueva
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German Technical Servige {DEDN collaborators:

Wollgang Arand
Helmut Dorzguer
Hans Jochim Rogsal

LS, Peace Corps ¥olunteers:

Tunothy Fleury  Erie Prosnier
Davish Lowery Roberl Pryor
Robert Nelson Mark Sarenscn
hMark Powell Rirhard Trystel

A targe number of students from ISA and other universitics in the Dominican Republic as well as
other countrics conducted studics and prepared theses or speeial teports dircelly related to the
program’s rescarch objectives.  They were cach assisted by members of the rechnical field staff, The

studients and their affiliption are listed beiow,

Institute Superior e Agricoliura

Rafacl Abrén B,
Margariia 12, Betances
Manuc! Bonilla F.
Santiago W, Bueng L,
Elias R. Camacho R,
Eduardo Cipion
Carmen D, Cnevas N,
Francisco W. Diloné
Manuel Finke H.
Ruffa A, Gampez
Heidi P, Gonegle:
Manlio anilo Herndnde: H.
A R, Lavandher
Mario A, Méudee P
Juli Césir Morrabel
Salvador Pérez
YWillredo Polanee B,
Famdn 1, R, Rodrigue:
Antonio Sanlana

T. M. Silverio

Luis B, Tgjada D.
Jorge Vargas Fulear

Universidad Caléties Madre y Maestra;

Inpril Ceballos
Rose Jiménez

Universidad Mordestana:

David Darin Diaz
Flerida Angeles Garefa

Fausta Alvarcz §,
Juan M, Gonilla

R. A, Bonilla

Juan F. Burgos
Humberto Cheeo
Bienvenida Cucvas
Tosé de [a Croz R.
M. Teresa Disla B,
Teresa Gil V.
Epifaniv Gonzélez
doraimas Herndndez
Parfirio Lantigua
Francisco Matos
Antonio A, Moguete
Marceling Nazario Ozoria
César A, Ramirez
José Rosadn ¥,
Adolla Serrata

José F. Toavirez M.
Paniel Uribe
Jacobo Valerio Z.
José M. Vidal M.
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Ohio Statc University:

D. Grege Muxficld

Pordue Liniversity:

Andrew Gillespie
William Minter

Wageningen Apriculiural Linversity, Netherlands:

IHermao Uil de Bosch Wincent Sewalt
Rumun Kho Michred Smiits
Marfanne van Pussen LErost-Paul Zambon

Asse Seulring

The foltowing people and vrganizations generously collaborated on Ghis project by providing land,
lubor, and for materials for the installation of experiments throwehoul the Dominican Republic, Somg
of the planting sites provided were very carefully managed and still remiin as demonstrations of the
suecesses and difficultics encountered in the project.

INASCA, Ramdén Crauch and Luis Crouch, EL Valle.
Haucicnda La Murcedes, José Ramdén Herndnder, Monte Plata.
Cementos Nacionales, San Pedro de Macorls.
Secrelaria del Estado de Apricultura, La Vega,

Escucla Aprondmica Sulesiana, La Vega,

Loucia Lantigua, Muofow, Pue.io Plata,

Federteo Finke, Manaclar, Puerto Plata,

Edldy Bregal, Pucrty Plata,

CIMPA fAssoc, para ef Desarrolle, Playa Grande & Santiago,
Plan Sicrra, Proyecto La Celesting, 8. Jos¢ Je las Malas,
Carlias Andrickson /512A, Janico.

Valentin Castilley, Los Montones Arriba,

Escucia de Suery, Juanilly, La Allagracia.

Institulo Aprario Domenicand, Azua.

Escuela Nacional Forcstal, JTarabicon,

Franco y Rivas, Saniiagn,

Sra. Ana Marfa Antung, Jacagua, Santiago,

Asociacion de Mujeres, La Cejita, Janico.

Sra. Antonia Rodripucy, Moncitn.

Sra. Margarita Gurman de Torres, Sanliago.

Lednidas Estévez, Santiago.

Both short- and long-term training were important parts of the project. Short-term training
included hoth in-country and forcign scminars, workshops, and fickl trips. About 20 Dominican
[oresters and cogincers were involved in travel study (o farestry operations and meetings in the United
States, Bruvil, Haiti, Puerto Rico, Mexico, Sweden, Denmark, and Argentina,

Long-term academic training Ic increase rescarch capabililics involved three individuals who
received scholarships through the praject. One has completed her degree and is currenily working in
the Department of Forest Resourees at ISA. The others are under contraet to return Lo the Macully at
ISA. The people involved and their programs of study are as follows.

Margarita Belances de Ferndndez, M. Universidad de los Andes, Mérida, Venezuela.
Silvicuiture and Ecology,
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Manucl Finke, M.S. Universidade Federal de Vigosa, Misas Gerals, Brazil  Forest
Measurcments.

Pedro E. Jorge, Ph.D. Purdue University, West Lafayette, Indiana, Forest Pathology,

Lang-term academic lraining also was provided for two other students through a loan to the
Bominican government [rom AID, administered through LASPAU. They too are expected 1o il
laculty positions at [SA upon completion of their degrees. These students are:

Guillermo Fulear, M.S. Pennsylvania State University, University Park, Pernsylvania,. Walershed
Manapement.

Moraima Hernindex de Martinez, M.S. Purduc University, West Lafayelte, [ndiana, Forest Soils.
Two other reeent graduates of ISA are on other M.S. programs:
Julio Morrobel, M.S. CATIE, Costa Rica. Aproforestry,

Daniel Uribe, M.S. North Carolina State University, Raleigh, North Carolina.  Tree
Improvement.

Furdue University is deeply grateful (o the USAID Mission in Santo Domingo, the Comisién
Nacional de Politica Energética, the Institute Superior de Agricultura, and the people of the
Dominican Republic for be opportunity to participate in this project.  The successes and
accomplishments in this program were possible because of their cooperation, suppott and cnthustasm.

PUBLICATION LiSTS

Journal Articles, Conference Proceedings and Speciul Reports.

Borges, R G. and W. R. Chaney. 1988, Respouse of Acacia seleroxyla Toss. to myeorrhizal
inoculation. International Treg Crops Journal 5:191-201.

Chaney, W, R, and D, M. Knudson, 1988. Gormination of serds of Azadirachta indica enhaaced
by endocarp removal, International Tree Crops Journal 5:153-161,

Herpdndez, J. M. and M. T. Disla. 1987, Esiudios basicos para ¢l desarrollo de un plan de
manejo del bosque seco Dominicano.  Informe Especial No. 4, Insi'tule Superior de
Agricultura, Santiage, Dominican Repuiie, 120 pp.

Knudson, D, M. 1957. Dominican lorest policy development and resource evaluation slrutegy.
pp. 392-3%. In: Evaluacion de Tierras y Recursos para la Planeacién Nacional en las Zonas
Tropicales. [Internalional Conference and Workshop, Chetumal, Mexico, January 25-31.
USDA, Forest Service GTC 'W(-39,

Knudson, D. M, F. A, Reynoso, J. M. Herndndez, M. T, Disla, [.. Luciano, ¥, Rodripuce, H.
Checo. M. Betances, and A, Serrata. 1987. Seminario resullados en fincas encroélicas. [SA,
Santiago, Dominican Republic. 111 pp.

Luciano, L. and H. Checo. 1986. Estudio sobre la produccion tradicional de carbon vepetal y su
impact sobre ¢l bosque seco native.  [nforme Especial Mo, 2, Imstitoto Soperior de
Agricullura, Santiago, Dominican Republic. 71 pp.
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Morell, A, I Knudson, F, Reynosc, and B, Ferrciras, 1987, Acciones Prioritarias pava ¢l Sector
Forcstal.  Consejo Nacional Agricullurs, Comité de Andlisis de Politica Agripecuaria,
Unidad de Estudios Agropecuarios, Santo Domingo, Dominican Republic DP UEA 012-87,
203 pp.

Pursell, F. A, and P. E. Pope. 1986, Use of lertilizalion in the production of Pinys caribaca: an
annotated bibliography.  International Proerams in Agricultare, Purduc Liaiversity, Wesl
Lafayette, TN, 38 pp.

Reynoso, F. A, 1987, Silvicultura de especics forestales con fines energélicos para la Repiiblica
Dominicana,  Informe Especial No. 3, lnatitute Superior de Agricultura, Santiago,
Dominican Republic. 78 pp.

Reynoso, F. A, D. M. Knudsen, and W, R. Chaney. 1985, Plantation and natural [orest
management in the Dominiean Xepublic for fuclwood and charcoal, 1X World Forestry
Congress, Moxico City, Mexico, July 1-10, 1985, {Abstract).

van Paussen, M. 1986. Gula para especics arbreas y arbustivas del bosque seco en la F.piiblica
Dominicana. Inslituto Superior de Agricultura, Santisgo, Dominican Republic. 234 pp.

Technical Note Serfes, Instituto Superior de Agricultury, Spyntiags, Dominican Republic.

Monigre, V., D. M, Knudson, and F, A. Reynoso, 1984, Metodolopia de investigacion del
programa de desurrollo de madera como combustible, 1SA - Nota Téeniea No. 1. 21 pp.

Almeida, J, M. 1984, Curvas de sccamivnto de cinco especics nativas Dominicanas. ISA - Kota
Téenica No. 2. 8 pp.

Reyaoso, F.o A, and B, Abréu. 1984, Efeacto de diez mezclas con cuatro sobstratos en ol
crecumiento vegelativo y radicular de Cassig gigmea, Prosopis juliflora (Cambron} v Acacia
seberowyla (Candeldn). 15A - Nota Téenica No. 3. 6 pp.

Almeida, ). M. 1984, Respltados preliminares de evaliacién del rendimiento de los hornos
tradicionrales Dominicanos para cuatro especics nativas. [SA - Nota Téenica No. 4. 6 .

Knudson, D. M. and E. Prosnier. 1985, Crecimiento del primer afio de 12 especies forestales en
Los Monioncs Arriba. [SA - Nota Téenica No. 5. 5 pp.

Knudson, D. M., B. Abeéu, V. Montere, and T, Reynoso. 1985, Crecimicnto inicial de 4rboles on
E] Valle, Sabana de [a Mar, Repablica Dominicana, 1SA - Nota Técnica No. 6. 5 op.

Almeida, J. M., P. A, Torrer Ricart, and L. A, Garib Cruz, 1984, Densidad basica de algunas
especies del bosque seen de Ja Repiiblica Deminicana, [SA - Nota Téenica No. 7. 9 PP

Bucno, 5. W, H. A, Cheeo, and T, A, Reynoso, 1985, Andlisis del consumo cnergélico de
{amiltas pobres en una eomunidad rural serrana, 15A - Mota Téenica Mo, 8, 20 DP-

Koudsem, D. M., ¥, Monlcro, and J. A, Nidcz. 1983, Crecimicnlo de dicciocho cspecies
forestales durante cl primer aiio on La Celestina, 15A - Nota Técnica Ny, 9. 4 PP

Mercedes, 1. R. 1984, Estudio de¢ wn sistuma de manejo agroforestal en el bosque seeo de
Repiblica Dominicana. ISA - Nota Técnica No. 10. 17 pp.
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Morcll, M. and D. M, Knudson. 1983, Reforcstacion con fines energéticos. Resumen Ejccutivo.
ISA - Nota Técnica No. 11 11 pp.

Ruynoso, F. A, and R, Gurcla. 1985, Tabla de volumen estindard y de factor de forma para
Finus caribaeq var. bondurensis, ISA - Nota Técniez No. 12. 7 pp.

Reynosa, F. A. 1985 Alwuras y didmetro de copas o un afio de edad en lotes de rendimicnto,
Mao, Valverde. 15A - Nota Técnica No. 13, 7 pp.

Reynoso, F. A, 1985, Crecimiento inicial de 10 especies forestales y modelo de regresién para 4
especies a los 14.5 meses, en Mao, Valverde, ISA - Nota Técnica No, 14, 6 op.

Knudson, D. M. and B, Abréu. 1985, Efectos dv abono en crecimicnto de drbaoles ¢ suclo de
Sabana, El Valle. 18A - Nota Técnica No. 15. 6 pp.

Knudson, D. M., V. Monicre, B, Abréy, and ). Mercedes, 1985. Engayo di crecimiento imcial cn
Monle Plala. I5A - Nota Técnica No. 16, § pp.

Knudson, D. M., P. Jarge, A. Serrata, and M. Betances de Ferngnder. 1986, Dresarrollo de
drboles encrgéticos en El Valle a os dos afns. 15A - Nota Técnica No, 17, 18 Pp-

Knudson, D, M., E. Prosnicr, M. Herndndez de Martlinez, and A. Serrata. 1986, Crecimiento
inicial dc vspecies enerpéticas on La Guédzuma, San Jos¢ de las Matas. 1SA - Nota Téenica
No. 18. & pp.

Knudson, D, M., E. Prosnier, and A, Serrala. 1986, Seleccion de especics forestales para Los
Montones Arriba. [SA - Nota Técnica No. 19. 13 pp.

Luciano, L. 1986, Detcrminacion de la donsidad bésica de especics del bosque seco. ISA - Nota
Téenica No. 20. 12 pp.

Rosado, J., C. Ramircz, and P, Fercer, 1986 Andlisis quimico del carbén vegelal: evaluacion de
bornos. 1SA - Mata Técnica No, 21, 11 pp.

Burgos, I, F, F. N. Diloné, and I. R. Mercedes, 158¢. Malezas en el bosque scco Mao, Valverde,
Repiiblica Dominicana. 18A - Nola Téenica No. 22. 14 pp,
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bosque seen nativo, Mao, Valverde. 4 pp.

Herndnder, M. A, and D, M. Knodson. 1985, Elccto de abono cn neem (Azadiracht- indica) en
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