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LAND-USE ANALYSIS OF PUERTO RICO

1

George Samuels, Ph.D. L/
CEER-UPR Biomass Energy Program

University of Puerto Rico

ABSTRACT

Puerto Rico has an area of 2,189,026 acres with 901,484 available for
agriculture, a populationm of 3.47 million people, and 0.26 acres of arable
land per person. With these dimensions to consider, every acre of land
becomes important, for its use directly or indirectly affects everyone, be
the land chosen for food crops, energy crops, forest, industrial plants or
commerce. The outstanding feature of the landscape is its rugged topography
with only about 20% of the total area having a slope of 5 degrees or less.
The flat lowlands are the areas of commercial agricultural production, the
mountain lands areas of forest and subsistence agriculture, and the rolling
lowlands and hill lands as intermediate. The soils have been thoroughly
mapped and classified with recent soil surveys {1965-80) available for land-
use planning. Ecological life zcne classifications are also availlable.

Agricultural policy and planning for Puerto Rico for about 75 years has
been one of lack of continuity. Its agriculture has not beceome modern, nor
efficient despite costly injecticns of funds via subsidies and programs.
Agriculture has lost out to industrialization and urban growth decreasing
agricultural acreage. A moderm agricultural pregram developed by the Puerto
Rican Department of Agriculture has as its major thesis to produce most of
the food it now imports, improve its economy by stimulating domestic agricul-
ture production, and provide employment. New rice, beans, and vegetable
enterprises will be established on completely mechanizable land. The cattle
industry will be expanded. Tobacco will disappear and sugar production will
be downgraded. Commercial forests will be developed. Cheices are needed
between small and large size farm units.

Biomass, plant material to be used as fermentable or combustible solids
for recoverable energy, is a new crop that must be considered in land-use
planning for Puerto Rico which imports over 987 of its energy. Sugarcane
with both combustible and fermentable solids is the most efficient energy
crop with tropical grasses (Napier & Sordan 70A) and silviculture "energy
plantations" offering viable energy sources. Because of limited land area,
a balance must be achieved between food and energy cropping. Suggested
examples of possible biomass land uses compatible with a modern agriculture
program are given,

1/ Research Consultant




INTRODUCTION

Puerto Rice haes & limited area with large demands placed upomn it by
growiug population for fcod and energy crops, living space, industry and

commerce. It is the obiective of this paper to give an analysis of past

and

present land uses in velation to food crope and guldance in developing Puerto

Rico's biomass enercv croppine.
L ok o

There are gimple geographic¢ factors whizh must govern a land-use analysis

of Puerto Rico.

Scale - Its extent is 35 miles by 100 miles with an area of 3,435 square

miles.

Insularity - Its frentier is the sea,

Density -~ Thsre are 3.47 mzllicn people, 1,010 per sauare mile with 0.26

of an arable acre per capita.

Physiograply ~ 80% of its surface censists of hills and mountains; 20%

has to be shared by agriculture, manufacturing, highwayvs,

airports, recreational areas, and cities.

With these dimensions to consider, every acre of land in Puerto Rico

becomes important, for its use directly or indirectly affects everyone, be

the land chosen for food crops, energy crops, forests, industrial plants,

housing, or commerce.

THE LAND

1. Physiographic and Geologic Features

Puerto Rico may be divided roughly into three principal physiographic

divisions (¥ig. 1) accerding to Roberts (1). They are the complex mountain
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ranges which are the most extensive, the coastal plains, and the play 2 {beach)
plains,

An east-west mountain range divides Puerto Rico inte a northern and southern
part. Its crest (about 3,000 feet) is far to the south of a Jatitudinal line
passing through the center of the Island., To the south of the crest, the
relief is rugged and is characterized by many steep-walled rock cliffs,
abrupt high water-falls, and jagged peaks. On the north side of the crest and
extending to the coastal plain, the relief gradually becomes less rough.

The coastal plains parallel nearly the entire coastline. They range in
width from a maximum of 13 miles at Lares to nil at several points along the
eastern and west coasts. Most of the coastal plaine are confined to areas that

are covered by a thick deposit of limestone that several fluctuations in sea
level in times past have caused the landscape to have a belted appearance.
Erosion has produced numerous hills and valleys.

The playa plains include the level alluvial plains, lagoon deposits,
and elevated beach sands. The flat alluvial plains occupy the largest area
and compromise the most valuable agriculture land. They occur along all the
streams, but are most extensive near the mouths of the large rivers.

Beinroth (2) uses Mitchell's seven physiclgraphic regions to describe

the physiography of the Island in more detail.

2. Landform and Topcgraphy

The limitations and potentials of agricultural development are largely
determined by the Island's physical characteristics. The outstanding feature
of its landscape is its rugged topography. Only about 20% of the total area
nag a slope of 5 degrees or less. The‘;and area by percent slope is given

in Table 1.
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Young (4) identified 12 different landform areas based on local relief,
percentage of steep slope, und percentage of flat land. The three major land-
form classes defined were lowlands, hill lands and mountain lands., In percent-

age of total area thev are as follows:

Lowland - 19%
1. Flat lowliande - 117%
2. Rolling lowlands with some flat land - 2%
3. Rolling lowlands - 4%
Hill-lands - 37%
1. Relling hill land with some flat land - 4%
2. Rolling hill land - 22%
3. Rough hill lanéd - 4%
4. Rugged hill land with some flat land - less than 1%
5. Rugged hill land - 6%
Mountain lands ~ 44%
I. Rolling mountain land - 6%
2. Rough mountain land - 15%

3. Rugged mountain land - 23%

A description of these landform areas is given by Fields (3, pp. 99-101).
Fields superimposed 11 rainfall regions on Young's 12 landform regions to
give seven landform-climatic regions for the Island that is meaningful from
the standpoint of agriculture (Fig. 2).

At the risk of over generalization, the flat lowlands may be characterized
as the area of commercial agricultural production; the mountain lands as the

area of forests and subsistence farming; and the rolling lowlands and hill




lands as intermadiate between the two, characterized by mixed, small-scale
commercial agrisulture and subsistence farming.

Land area in Puerto Rico distributed by altitude is as follows (3):

Feet ahove sea level Z of land area
¢ - 499 55%
SO0 . 3eg 21
1000 + 24

Theugh 557 of its lend area, 1.2 million acres, is under 500 feet in
elevaticn, the percentage of flat land is substantially less with only 400,000
acres having sloves of 5% or less. Even this acreage is subject to constraints
in cultivation as a resuit of such factors as erosion, drainage, and climate.
The significance of the 7lat land lies ia its suitability for mechanized agricul-

ture (5),

3. Soil Classification

The soils of Puerto Rico have been thorcughly classified. The first
detailed survey of the Island was completed by R. C. Roberts and party in 1936
by the Division of Soil Survey, Bureau of Plant Industry, USDA (1). This
soll survey is good, covering both crops and soils., It still serves as a
handy referencze for anyone wishing to know Puerto Rican agricultural status
before 1936.

The Robert's s0il survey was updated by the Soil Conservation Service
(5Cs), uspa beginning in 1965 with a survey of the Lajas Valley area. Since
then additional soil conservation districts have been covered with the last,

Arecibo, to be published in 1980. The districts covered and their acreages

are:




Diggrict EEEEE
Arecibo 402,384
Humacao (6) 470,202
Lajas (7} 162,609
Mayaener (§) 460,836

Ponce: Sur (9) 171,790 acres
Caribe 7i0) 173,613 a.res 305,402
San Juan (11) 447,279

TOTAL . ...... 2,274,094

The recent (1965-80) soil survey is quite comprehensive, and it provides
more than a mere classificaticn of soils. The make-up of the soil survey for

a couservation district containg:

L. General nature of the area and climate.
2. General scil map for bhroad land-use planning with map unit descrip-
tions and soil asscciations.

3. Description of the scils describing each soil series in detail, and

then briefly, for the lavman use, each mapping unit in that series.

4. Use and management of the soils. This secrion contains an explaina~

-

tion of the system of capability grouping used by the 5CS. Estimated yields for

Y

the principal crops and pasture grasses under twe levels of management (local
and improved) are given. Management of the soils for woodland is also discussed.
Information and limitations that affect engineering practices and recreation
uses are presented in tahbles.

5. The information and classificatieon of the soils as to major factors
of soil formation are given with the definition of the system currently used

for classifying scils by the six higher categories of order, suborder, great

-]




group, subgroup, family, and series. A tadble is ineluded of the classificaticon

of the series giviug the tamily, subgrovw, and order for each series.

o
)
o
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ae area is described with tables for temperature and
rainiall, and scmatimes wean evaporacian ratey,

7. A guide to mapping units which contains the capabilicy unit for non-
irrigated and irrigated soils of each mapping unit as well as its woodland
suitabilits.

8. SBheet maps of th:z s0ils with their mapping units are imposed on

aerial photegraphs (scale 1:20,000),

“he Ponce survev, mace up of two publications, the Sur (9) and Caribe (10)
congervation districts contata ouly tables on the roil properties and limita-
tions that alfect engineering and recreation uses and lapd capability,
erodibility, &nd hydrological classification. The Lajas Valley survey does
not contain a table on recreation uses.

The soil engineering tables presented in the soil survey have potential
value in land-use classification providing sucn needed data on soil properties
high weler table levels, depth to bedrock, texture, per-—

meability, available water capacity, drainage for crops and pasture, irrigation,
and suitability for terraces, diversions, and pond rescrvoir areas.

The new taxoncmic system used by the USDA-SCS classified 9 Orders, 22
Suborders, 37 Great Groups, 106 subgroups, 54 Families, and 164 Series for the
Isiand (12, p, 19). A brief descrivtion of the nine Orders of Puerto Rican
soils, to aid the reader in the use of tables and maps, is given in Table 2.

An excellent review and explanation of the taxonomic classification of the
soils of Puerto Rico has been prepared by Lugo-L3pez and Rivera in 1974 (13)
with an update for 1977 (14). An inventory of Puerto Rican soils calculated

on & perczntage basis for each of the nine Orders for the six 801l survey areas

is given in Table 3,




4. Land Capabilitr (lassific

The cepability classification used by
ir a genersl way, how suitable soils are f
practical grouping based or limitations of
thev are used, and the way chey iaspond to

In this system, all of the soilis are

capability class, subcliase, and wniz., In

N

th

15 a srouping that shows

or most types of farming. Tt iz 3

the snilg, the risk of damage when
treatmant.
the

grouped at three levels:

the broadest grouping are the eight

capability classes Jesignated by keman numerals T through VIIT. In class I

.

gre the soils that have fayw limitations, the widest range of use, and the

domage when they are used. The s0ils in the other classes have

rrogressively greater natural limitations., In class VIII are scils and land-

forms so rough, shallow, o~ otherwise limited that they do nor produce worth-

vields of crops, forage or wood products.

Th

e subclasses indicate maior kinds of limitation within the classes.

They are (e) =rosion, (w) warer as poor drainage, (s) shallow, drovghty, or

Pl

tony, and {c} climate roo dry.

The capability classification uait for each scil is listed in the "Guide

to Mapping Units" and at the end of the mapping unit description in the section,
"Description of Soils' ir the S0il Servavs of Puerte Rico (6=113,

The scils of Puerto Rico were grouped by Vicente-Chandler (5) in 1978 in

accordance with their apricultural potential. The grouping is simple and
usable within the framework of the soil napping units of the land capability
classification of the SCS. The soils are divided into five groups (Table 4y .
This grouping has served as the basis for the modern agricultural program now
being carried on by the Commonwealtkh Department of Agriculture. It is a very

useful grouping that can be used as ‘a base for land-use assignments of crops,

silviculture, and other agriculrural enterprises including energy crops.




A xpowledge of the status of the land-use ipventory of Puerto Rico is

of help in future planmirg, of Natural Resources made a land-

use inventory of the Islarnd in 1873 715y, The inventory was nade from aerial

photograrhs and twe co

mtor programs which aliowed determination of the land
use to a detail of 62 zures. Lhay obtsined agricuirural acreages of 1,174,816

and forest 702,273,

[

The acreaze of agricultural laud suitable for mechanization g an

]

imcortant factor in lavil-uss dacisions, Vicente-Chandler {5) estirated

)

“ O

., 000 availabie acres allowing 207 aff for roads, housing,
) &

Py

237,000 total acres (27
ete.) of land that can be used for full mechanization. Thig is primarily class ¥
land and has irrigatien or acequate rainfall available. BRonnet (12) stated

1 area, are

e

that some 523,191 gycres, ahour 24% of Furrto Rice's totz) so

suitnhle for mechanized »lantir

biomass (Table 5). Thiz includes cizgses I, 1Y, and some IIT londs with

The Puerto Rican rIGSystems are extremely important, bocause they form a
substantial component of tae 1ife-suppert system for over three million people.
Ewel and Whitmere (i6) mapped the ecolopical life zunes for Puerts Rico
according to the Holdridge system, They identified six distinct life zenes
which are also widely represented in Central and south America. Detailed
emphasis was given to e2cological zone features, water balance, and biotemper-
ature theory, so that research done in Fuerto Rico, Central America and South

america will be mutually beneficial.




The areas occupled by ithe =cological life zeaes in Pusrto Rico are {14} :

Subtropical dov forest 300,578 acres
Subtropical molist foresc L. adbds M
Subtropical wet forest 35,047 0"
Subtropical rain forest 3,262 M
Subtropical lower montune we. forest 26,659 0"
Subtropical lowsr mcntane rain fores: 3,039 "

“he subtropical moist and wet forest zones pecupy 857 of the total land
arez in Puertc Rico.

More thorough study has been given to the acosvatems of Puerto Riceo and
the Virgin Islands than 4o most other tropical regicns., The ecolcgical studies
made of Puerto Rico pricr to 1900 were summarized by Wicdaworth (L7) in 1969.
Murphy (18} was ons of the first to provide detalled descriptions of Puerto
Rico's forest in 1916. A classical descrintion of the Island's plant communities
was published by Cock and “leason (12) in 1926, which s£ill serves as a standard
reference work. In 1965 Dansereau (20 published physiognemic and fleristic
descriptions of more thar 100 vegetation types in Puerto Rico. Ha designated
8ix principal vepetative zones conditioned primarily by climate and secondarily

by either physiography or plant material. Publications with accompanying maps

[

of vegetation were issue by Little zné Wadsworth (21) in 1964, by William

o]

(22) in 1967, and by Odum and co-workers (23) in 1970.

6. Climate
A meaningful land-use analysis of Puerto Rico should include a brief
discussion of its climate. For its climate, primarily as related to rainfall

and evaporation, influences a great deal of the agricuvltural usage of the land.




The Island has a tropical, uniform, oceanic clima:e, and nearly ideal
conditions exist for a heavy precipitation over most of the area. The highest
peaks and the northern and eastern sides of the meuntain ranges receive the
ig. 3). The southern side, northwesteru cornewr, the eastern
shoreline and the interior valleys raceive the least,

The averase annuval rainfail ranges from le=s than 30 inches in the south-
westzrn part of the Tsland to nearly 200 inches on the highest peaks in
Sierrva de Luquilic (Fig. 4). There are no definite g§easons, but rather a rainy
period from May to Novembsr and a dry period the cther 6 mon-hs. Throughout
the winter, howsver, mauy chowers occur, hut the heaviest torrential rains take
place in ths summer.

The high evaporation rate combined with high temperatures, low relative
humidity and constant winds fends to cause semiarid conditions even where the
average annual rainfail is 45 inches. A vainfall of 39 inches in Puerto Rico
is equivalent in effectiveness to about 15 inches in the United States. Many
of the agricultural areas ou the southern coastal plain have evaporaticn rates
much higher in comparison te their rainfall during the dry weather than at
other seasons, and irrigation is nacessgary even in aveas having an average
annual rainfall of %5 inches (Fig. 5)a

The water available from dame, wells, and rivers must face competition
with domestic and industrial consumpiion, thus depleting supplies available for
irrigation. A water bzlance for the semiarid southern region reveals an
average 5 million gallon per day deficit (Table €).

The mean monthly temperatures range no more than 5°F from summer to winter

with a yearly mean average temperature of 77-79°F on the coastal plains to

71-74° in the mountains. The temperature seldom risos higher than 90 and even




in the Lighest, coolest parts of the 7sland, it seldom falls below SO°F.
Sunshine occurs daily over most of Lie Teland wirn the exception of a few days
2ach year.

Temperature and sunlight are not limicing facters for agricultural produc-—
tion in Puerto Rico. Rainfall is limiting in some areas of the south and
southwest coasts during the wivter menths, but irvigation, when available,

compensates for this water deficit.

1LND-USE POTENTTALS

1. Ristory of Puerto Rico's Agricultural Yoligy

Puerto Rico's past was centero” in agriculture. Since the days when the
tsland was first gsettled b the Spanish, the peovie have been concerned with
preducing agricultural croosg, Up until the twentieth century, the agricuiture
in Puerto Rico, as in wost of the Caribbean, was based on large farm or
plantations, cwned by a few, growing sugarcane, tobaceo, cotten, and fruits for
export. Domestic food was grown on small plots by the farm laborers.

In 1900, when Puerto Rico became a U.S, possessicn, Congress passed a law
timiting land beldings to nc mere than 500 acreg by any individueal or corpora-
ticn. The law was not enforced. and large land holdings continued. Some of
the agricultural policies of the 1.5, guvernment in the early 1900's were
applied to the Island, with soil and warer conservation programs beginning in
1923, the WPA programs in the 1930's, and the Farm and Home Administration
program of family farms of 30 to 40 acrec in 1948,

The change of political climate in the early 1940"s, with the beginning
of the Popular Democratic Party of Muioz-Marin, marked the start of the local
Puerto Rican agricultural policy. In 1941, the Island's legislature passed

the land law (Ley de Tierras). It reafirmed the 500-acre limitation law.
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At this time, sugarcane creupiad over 704 of rtha crop acreage with the major

part being controlled ny cempanies wicre shardwolders were not in Puerts Rico.
The 1941 land law established the Land Autnority of Puerto Rico, a semi-

autonomous cerrerstion, part of the Puerts Zien Lepartment of Agriculture.

I:s task was to end large corporate land holaings, help small farmers, ecourage

new farmers =nd make Hest uge of fha lands for public pood under efficient and

economic production. The Land Authority handied the disposal of the large

land holdings by creating Proportional Renefir

-

rr

arm

n

(Title TV) consisting of
large commercial farme aud sugar mi!is c¢vganized and run by the Authority
devoted mainly to sugarcane: small piots (1~3 acres) were distributed fo low-
income familiesg (Ttle V): and family ferms of ur to 25 acres were sold to
farmers (Title VI).

After the creaticn of the Land Authority in 1941, the islznd's agriculture
was subjected to meny plans, programe, and raports evolved to help formulate
a sound and dynomic agricultural poiicy. High points identified by year, are

summarized as follows:

1953 - "A Comprehensive Agricultural Program for Puerto Rizo" drawn un by Dr,
N. Koening, USDA, with tha ccoperation of the Conmenwealth of Puerto Rico (24},
This study was noar thorough in its exasmination of soil ercgion, waler use and
control, reclamation, forest and grassland rescurces, as well ag its analyses
of agricultural credit, marketing problems, farm gsize, unemplovment in rural
areas and the problem of land use and taxation. Many of the technical findings
and conclusions recommended remain useful and valid today. Nevertheless, the
study's usefulness as a guide to the formulation of a development strategy for
agriculture was weakened, because it incorrectly assessed the impact of factors
external to agriculture, mainly industrialization, Wrong conclusions were
drawn, because it diverced agricultural planning from the mainstream of develop-

ment decision for the Island as a whole.




1964 - "The Apricuiture of Pusecto Rico: Situsarion and Possibilities" (25)

presented by the Secretnary of agvlarulture M. Herudadez-Agrosta in collaboration

mala rircomnendarsons concerning

of wetion for development of many

e

agriculcural

azpects of n lands, conservation of water,

s0ils, and foresu: drasnage pruiects . inczzacing the agricultural budget,

Parts of the po

WETC TUL Lnle sotion, but not with unified long-range

rlanning. 13 period, varyious agricultural secretaries have given

=P

impulse wo distirct sav:

v othils wirogram in accesd wich his ecriteria and the

The srasecvation of Agricultural bLand “n Puert. Rico'', a study by

Planning Zoa. and Agricultural Ccuneil,

e

The reports was doawn up

zand

ovmership and to recommend zvplonciate neasures <8 ro 2ONIRE OF non-zoning

laws for 1ts preservation., A productivivy indey was developed fo serve as a

i

basis Tor farm cliass: Tima nermitred the wtedy 12 develop onlvy the

index for area. The report conta.ns
a good genereal descriptica of crops and tape graphy ‘%, pp 101-131) and a review
of soil area characteristice {3, Anpendiz 7). No apravent action was taken

on this report bv povaraments ! authorit-es dospite the Jire need for a clesr

policy on zowing to preserve the good agricultural lands of Puerto Rico.

2. Agriculture
It appears that the agricultural policy and nlamning for Puerto Pico for
about 75 years has been one of lack of contiruizy. The past policies were

iimited to responding to & successisn of erisis fn different sectors rather

1 . . . » 3 .
than any long-range plaaning. The Island's agriculture has not become modern,




123 and Drograms

twentieth centuary.

te rovive Tt oae dr emuvgoes inic the last guarter of

empt reo bring agriculture

el e (5).

and Program for o Modern

aird of mainly ‘ool sciantiofs and submiited to the Commonwealch Department

of fAgriculture as o guide in developing a complete jons-+anee plan for agricul-

Lis natural resources of

o &
progrem to

the fond 1t now imports, improve its econemy by

el production, wrovide emnlovyment, but not

The report coes oot rely on geueralities, Ti presents cefinite recom-

mendaticns as to crow and foreetrs atreages, waier neads, econnmic demands,

188, lts prinary

[l

farm employmeni, and = fime-fiama for favelopment by

1 . .

obiactive is to soinulat

0]

Yood prodvction and minimize imporvs., 1t sets

productien goals based on modern Farmns «ith agronomic supervisicn to bring the

nodern technoel ctly 1o the farmer.

The plan has desinnatea some drastic changes in land use, as rhe modern

agriculture develeps cver the next 14 voars (Table 7). The arsza in sugarcane
will be markedly reduced and will be limited <o completely mechanizable lands.

The new rice, vegetables and btean entervrises willi be established on completely

maechanizable land.

and hay production will be expanded on the

mechanizable lands where they are now concentrated. The production of pigeon

peas and starchy vegetables will be ctransferred from sloping lands to




mechenizable zcils, The cattle industry will axpand, The =ohacco industry

wrll dizanpesr. Tre production of coffeae, citrus, bananas, and plantains

on mocerately steep soila, The new [ruit indus stry will

be developed em fe cemiarid tegicn.,  ihe production of
teultry, pigs, and ernazentals will curnand mostly on soils with moderate
slepes in the wountain egion and on mechanizable but very sandy soils, Com-

mercial forests will br dovaloped mestly on steep, deep soils which are at

o Aguaculture will be develcpee in appropriate areas
aad the very ateep ard sarv shallow soils will be keprt In aatural woodlands
for recroation and wildiife

In Tabie 8. <he toral acreage for each agriceliural ecterprise, the

oroduction goals proiectze Sor 1988, and the farm values azre

"t

resented. Total

value ol agricultura' preduction at rhe farm Tevel is projected to increase

from $421.8 miliion in 1576 to $793 miliien in 1%85. ‘The plan presents yearly

i}

production costs of lahor, materials ard other items for the difterent agricul-
turail enterprises in 1988 (5, Table 143). They point out thst enternrises
T ) ¥ EC

with high Zabor rnozts hzave a greater impact on thie economy of the lsland than

o these whowe nozts are mainly for meterials. They estimate that every

dellar in farm svages hee a 1.8 multiplier effect on the Ialand's gross product,
and that each job in agr ture creates another opportuenity f-r enployment

in other phases of the economy.  Attention has been given in the plan as to
the needs of the farmer for cradit, direct incentives, services and materials,
marketing and fcod conservation and pProcessing.

As one reads the modern agricultural plan, the tnough® comes to mind,
"If only this had been dome years ago'. In the context of normal times, this

agricultural plan appears to provide a definite plan with proper regard to




land use and the peonle hoth counrry and urban, Possihly twod obstacles may
be difrficult to overcome in the near future, dagpite the recegnition and
allowances made by tne planners. Thev are a shortage of water for full
agricultural potential and a uzed for more hishiy Frained, motivated, and
disciplined farmers and farm laborers.

Unfertunatelv, we are not in context of normal times. An energy crisis

o

affects all of our planning. Thus, the modern agriculture must try and bring
the present and future energv needs of the Tsland inte its concepts, plan,
and program. This ‘mportant matter will receive further attention in the

Biomass part of the rapor:,

(2} Human Resources: Puerto Rien's numan regources comprised a poulation

-

of 3.47 million in 1979, prujected to an estimated 3.58 milidion in 1988 (5.
Its land area is 3,435 sq, miles and will not grow any larger. This gives a
population of 1,010 pecple per sq. miie, giving it 2 pepulation density greater
thar Japan and about the same as Taiwan. It becomes impossible to make any
decisions in land use for agriculture without consideration of this awsone
population density.

An average of 47,000 cut of 718,000 nersons emploved on the Tsland work
in agriculture., The majority of the 41,000 men employed in agriculture are
over 44 years old and have an average of 4 vears of gchooling. On the other
hand, more than half the population of the Island is less than 195 vears old and
more than 400,000 workers are high school graduates.

The modern agricultural program in 1988 will employ at reasonable salaries
about 47,000 perscns throughout the year (Table 8) including farm workers,
farmers, and farm managers. An additional 40,000 jobs will be generated from

this agriculture giving a toral of 88,000 jobs,
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The modary agrioituse nlan conciudas

ot

hat Puerto Rice bhas the necessary

Tocs oo diinl oy d consinuoas eifort is

retulired o Twaia nennle i: sines and wkills,  As pointed

out bheofoure, fhoiz W Dresents an obstacle to
accomplighinz e propTan.
(W} Feom S30a0 The wgoisus azriealioral JoT 0oy o7 Luerie Rico siunce 1300

Lo deslowivh farm size. Historically, beceusc of its agriculrural
past, tae bess 1oolw were Jormed iare larce Boldings with gmall farms heing

ma3or in mewher | but o xi. fu total acveage,  Varlo s adminiztroticns have traed

o depl e Lot ool darge versus —enl oonidines,  The sovernment via
- g ;
the Land Aut'ority z:ieqared o rreste swall faras asing Yitif Y oand VI grants.

r industry, the govermment

siand in 1974 are piven ir Table 2. Over 86% of

the farms were below 30 acvaes, but thig Tap:

b ]

esentes only 25% ¢f the total farm

acreage. There were %71 farme (2.9% of total nurber of farms) over 260 acres

Or rore 1n size, yet they rapresantad 50% of the terai farm 2ereare,.  Inter-

0t

CStingliy, Com

b

» the number und acrenpe ¢f swall sire farms are

decreasing and the larce-gsize farms increasine.

Mecern agvisuitere vequires large-z.ze farms for certaia crops {sugarcane,
rice) ana smpall-size Yorms can do weil in intensive and specialized crops and

s poultry). The medern agricultural plan anpears to

be searching for a

lend of various farm si: Crop or enterprise.

The politrical advantage of 2mail-size farms must be weligheld azainst the

practical reality of the skills of the farrwer, his resources, and the viability

oi the agricultural market he must deal in.
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3. Forests

The foreste of Puerto Xico have 3 an immortant role 1n praotecting

go1l and warer rezourc by minimizing ficode. reducing the amount of soil

material legt s sadiments in rivers, and wrolonging runoff into pericds of

dry weather., Wher the Island waos colenized in the eariy 1550's, it was con-
plerely corared with foresp, but clearing land fov farms was soon begun. By
1930, most of rhe “oviscs had been cut. Some of these areas were abandoned and

1

were taken over by Trnferior veoluntesr species.

About 1.1 miildior ncres of land -re available for forest cover in Puerta
Bicoe {27) I 875, 1°nd resourie inventery (13) showed fire wood growth at

larce scatrered crown 32,0068 acres, soliid crown cover 264,493

o

1 public forests 125,028 scves. Commerci:l and non—-commercial forests

Cavibbean Naticnal and Commonwealth forests recuires about 567
timber stand imnrovement or reforestaticon.

Woodliand-suitable groups have beer compiled 5y the SCS in their soil surveys
for Puerto Rico to agsist in planning the use of the soils for wood crops.
Weodland management tanles nclude such specific data ac woodland suttability,
soil grour and wmap symbol; potential productivity giving suitable trees and
average yearly growth per acre in board feet; and the hazards and limitations
that effect management, including seed mortality, erosion hazard and equipment
limitatior. Using the soils for forests Iinvelves care in changing of some
natural non-commercial forests to commercial, ths protecticn of other non-com-
mercial forests in their natural state, and the planting of non-forested areas.

About 5250 million worth of wood preducts are imported yearly; yet, there

is no local wood industry. The modern azricultural program recomends that

-2

20,000 acres of the 280,000 acres of the mountarecus steep, deep soils be

established in commercial forests over the next years. TForestry experts have




recommended that Honduras nine (Pipis Caovtibaea var. hondurcsnis) as best for

with a farm

£

commercial growth in Puegzo Rice. Th2rs forvests will produce woo

value of $83 willion yearly and will cxaute 4,000 ‘obs in the field.

BIOMASRE

L. Introduction

Up until the 1970': apv land-use analysis study of Puerto Rico would

concern itself wict CTC s, pastures, and forests fer its various

-
0
5
~
[
o
e
1]
i
i
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sells.  The world encergy crisis has ouded 2 new dimension to any planning, be

iy

tt political, econemic. or agriculiuvre. To agricultural crops, a new word has
been added: llomasy. Biomass can be defined ae vlert marerial which has the
abiiity te comvert :he radiant energy of che sun ko chemical enerpy and to

tore thig energy an recoversble foruws (fermentable and combustible solids).

G

Thus, biomess zs on egriciitural crop gives man 2 rapewablie energy source o
replace dwindling supplies of fossil fuels.

There are two principal groaps of bicmass: hLerbaceous annual apecies and

woody perennial spaciez. The herbacoous group includes the majos part of our

[

agricvitural crops such as sugarcane, forages, grains, verectables, and starchy
root crops. The perennisi proup includes such crovs as coffee and citrus, but
most woody plants are forestry (or silviculture) spacies.

Biomass becowmes avallable for emergy soucces by burning its combustible
s0lids as a boiler fusl, converting its fermentable =oiids to alcohol basad
fuels, use of pyrolitic methods to nroduce gas and liguid fuels, and development
of chemical conversion of cellulose and hemicellulose comnlexes to aleohol or
chemical feedstocks. Thus, agricultural plannirg in Puerto Rice must consider
such crops as sugarcane, trovical grasses, and siiviculture, not only for their

conventional uses, but for their energy potentials.
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Puerto Rico imports over 98%7 o energy requirements as oil., With

il

the world energy crisis sending oil pri

[

66 searing, the expenditure for oil

in “976 was 1.4 Billien Je Food axwpenditures fer lmports amounted to $500

million fer the same pecied. Powever, oll prices ara rising at a more rapid
rate then food «¢rap nrices. As a country which does not have the resources to
produce both its total euergy and food crop requirements, choices will have to
be made.  Any adequate iand-use analysis for Puertc Rico must give serious

consideration to bicmass as part of ite presentation.

2., Blomass Inevgy Scurces

The considevation of traditicnal crops as biomass energy sources regquires
that traditicnal agrouwomic vractices be replaced by new agronomic practices
valch seek ro obtzin highest yields per unit area of emergy-peiencial naterials,
rather than traditic-al uses as food. fiber. or ceonstructicn material. TFor

example, economic feazi

¥
o

ity for bilownass is not posgssible with conventional
yields of 30 tons of millable cane per acre, but biomass managed cane vieldiong
30 rons per acre reac es economic feasibility. Non~traditicual energy cropping
includes non-intensive biomass crops on marginal lands with minimum tillage and
use of weeds ard grass clippings as ensrpgy sources.

With each crop presented in the following section, an estimate is given of
the maximum poussible acrea

g2 and soil regional location available within limits

of sound agronomic practices inciuding erosion and weter control. The suggested

s

acreage ailocation (Table 10) does not imply that total biomass conversion of
Puerto Rican agriculture is recommended; rather, they serve as guides to the
reader for possible use in planning studies. Nor does the acreage given mean

that all of it is suitable for the mechanization needed in planting, harvesting,

drying, and transporting the biomass crap. Where possible, the dry-matter




well as potential

Mo attempt is made to

grope of this repart.

Alemander (29,20), sugarcane is the

nanimization of tonpage was

I-iola increase over the average

vield oy thy Telend s T The age of sane t()p‘S and leaves
contridute about 307 nerse Hlomuss thaua just miliable cone stelks. The fiber
content Lo boilar Tuel ran sbout LVY. Lot new varietiocs cap eive higher fiber

he fermentable zclids can be used for aleohol productinn directly

s, Thas every L0G tens of wraeen millablie
egne becenes 130 tons of kicmass cane (309 add tional frr leanves ane tops)
which gives 22 drv rons of Siomass canable oo vroducing 500 million PTU's,

equivalent to 36,000 JWH of

1.800 galliens of saleohol from

cane julce or enriched wolasses, sufficiant to replace 1,600 gallions of gasoline.

(b) Tropical Grasses: Tropical grasses, other then sugarcane, hold

promise as maximum bionass producere. Napier grars {Jerniseium purpuleum) has

been shown by Alexander to Le capable of producing actually wmore bhiomass

tonnage than sugarcane in a4 6-month harvest interval {(31). It can be designated
25 an intermediate rotation crop suited in aress noc appropriate to sugarcane,
because of length of growing seasorn availlable or othevr growing conditions such
as rainfaii.

A crop appropriate for a short rotation is the hybrid forage, grass,
Sordan 70A, a crcss between sweet sorghum and sudan grass. Alexander (31) has

obtained an average of 3.4 tons per acre projected oven-dry biomass in 2-month




havrwreat intervals and £.3 fons in a 4—month harvest Intervail. Scrdan 7CA is

versatlilc

i dts short cropping period to fit irto rotarions with many food
Crops.

"Wild" Saccharum clones (US 067-22-2 and S¥S :31) and Johoson grass (Sorghum

2

halzpense) nave ted for minimum=~tillage canqiidates for marginal

solls where lack of water is predominant (30}, They can produce mederate

vields with: the barest

inimum of production inmputs.

(o} Silviculture: VYield potential for Puerte Rico's forests have never

been realized whew managed as "energy plantations". However, Whitmore and

!

Alexander (32) fovesee anew dimension and challange in the production of total

U

2

¢ry matter for energ, conversion rather than lumber, A pilst research project
has zeen submitied to the U8DOE, Fuels from Bicmass Systems Brznuch. Potential
yield proiecrions of 18 tons dry matter/acre/year for tropical rain forvests

and 11 for aubtropical forests have been suggested (33). Species rthougnt to

have genuinc petentisl as biomass energy sources incluce Eucalynius robusta,

E. rereticornis, L. camaldulensis, X. grandis, Cassia siamea, Albizia procers,

Leucaena leucocepuala, Casuarina equisetifolia, C. glauca, Svzygium jambos,

and Pinus caribaes var. hondurensis (32).

Certain species of the genera Euphorbia, falotreopis, Cryptestegia, and

Parthenium might also bz grown on marginal lands because of their high contents

of plant hvavocarbonus (32 rather than as a hoiler fuel.

3. A Balance: Tood and Energy Cropping

Agricultural plenners in Puerto Rico must weigh carefully the merits of
energy planting versus food planting for the Island's available land resources.
There are about 270,000 acres of level, mechanizable land for either cropping

gsystem or a combination of hoth. This is the best land anéd is capable cof




producing the highest yields cf food or energy crops. VYet compromise can
vrevall io give a ratlional combination of both.
Some sugoested cxamples of possible biomass land uses compatable with a

modern agriculture program are:

1. The propesed 70,000 acres feyr sugarcane in the wodern agriculture
plan can produce, inmstead of sugar at a logs, boiler fuel (bagasee) and enriched
molasses sufficient to supply all the needs of the Puercto Rico rum industry,
with an appreciable surplus which can be converted te alcohol for gasohol, saving
on imports of hoth molasses and motor fuel,
2. The use 5% tronical grasses such as Nanier on the bumid, deep soils
with 20-23% slope could mrovide meore BTU's of energy as z boiler fuel than all
oif the 522,000 acres of soils that could be planted to suparcane {Table 10)
incliuding the best acreages for mechanization. Of course all of the 554,000
acres of the humid, deep soils with 20-25% glope can not be used for Napier;
but aside from slope, the soils and climate are good for Napier grass production.

3. The use of Sordan 70A, not only in the semiarid gentle rolling hills
for three crops per vear. but in any cropping area where there is a fallow of
2-3 months before planting the next crop (such as for vegetables).

4. The use of silviculture to produce boiler fuel instead of lumber.
There are about the same number of BTU's available on these nen-food croplands
as on those available for sugarcane energy crop preduction (Table 10), The
steepness of some of the 736,000 acres would prevent its use for biomass vroduc-
tion, If we allow 29% of the land as inaccesible for harvest, we would obtain
589,000 acres of woodland yielding 4,712,000 dry tong of biomass Ffuel. Of
course, logistics and economics of handling the woody material will have to be
developed, but this energy crop can not be ignored in a balanced food: eneray

crop program.
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. The use of certain species of genera Euphorbia, Calot:opis,

Crystotegia, and Parthenium tc produce plant hydrocarbons cn margical lands
in the semiarid area with about 230,000 acres in steep and shallow soils.
More research is needed oun the yields, convertability, and economics of this
type of crop for energy. At present these soils are not productive for any
economic crop.

6. The use for boiler fuel of grass clippings and weeds collected from
the grass median barriers and borders of the Island’s autopista system rather
than being left on the roadside or trucked to the nearest municipal dump.
There are about 1200 acres asvailable that could give yearly 4800 tons of dry-
biomass fuel (35).

7. The use of the rice straw in the proposed rice enterprise for boiler
fuel in the rice drying and processing plants (34). One thousand acres in rice

can produce 4,000 tons of dry rice straw equal to 60 million ETU's.
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TAELE 1. TLAYD AREA =

/

BY PERCJENT OF

Percent of slone

Area in Acres

5-5 393,116 19.2
6-15 173,312 18.4
1635 333,838 16.3
YA 372,372 18.1
46-59 172,244 8.4
60+ 608,372 9.6
Tatal 2,053,254 100.0

1/ This excludes approximately 82,550 acres in urhan or non-

rroductive use as well as the land area of the islands of Culabra,

Vieques, and Mona.

2/ Afcver Field {(3}.




TABLE 2. A BRIE! DESCRIPTICN i THY NINE ORDERS OF TIIRTO RICAN S5GTLS
ACCURDING W0 THT NIW TAXONOMIC SYSTEM o)

Order forizon Features
Entisols not develcped affzctel by flocds and high

water tables

Tnceptisols incipient dev:lopment on sioring lands
Alfisols ciayzy {argiliic) woilst having high bage status
anc fow in percolation
Maolliscls dark high base status
Yeritisnle cracking and clayey
2/
Spodsols ~ iltuvial with silicare accunulation of Al and organic
clava matter in second horiron
Histosols arganic soll
Oxisols reddish brown acid with Low base exchauge
no illuvial horizon cavpacity; advanced stage of
¢i silicate clays wzathering; mixture of hydrated
oxides of Al or Ye, or noth,
with variasle amounts of
kaclinitic clay and ipsoluble
quartz sand; good drainaze
Ultisols clayey subliorizon more acid with lew base exchange
acid than surface status and capacity in regions

I high rainfall; where leaching
xceeds base liberation; low
permaeabilitcy

L O

«;

[

Derived from (1L2)

2/ Very rare in Puerto Riro




TABLE 3. ACREAGE AND PERCENTAGE DISTRIBUTION OF SOILS EY ORDER IN THE SIX SOIL
SURVEY AREAS OF PUERTO RICO 1/

Acveages and percent distribution for Area

Order Lajas Mayaguez Bumacao Arecibo San Juan Ponce
Entisol 11,492 2y 222 35,736 20,119 5,367 3,970
11.2) & (4.8) (4.8) (5.0) (1.2 1.3
Inceptisol 28,525 125,813 220,997 62,772 227,218 171,636
(27.8) (47.0) (47.0) {15.6) {50.8) (56.2}
Alfisol 5,131 14,286 26,332 30,582 14,313 0
(5.0) (3.1) (5.6) (7.6) (3.2)
Mnllisol 8,209 30,877 17,398 66,796 12,524 69,937
(8.0} (6.7 3.7 (16.6) {(2.8) (22.9}
Vertisol 25, 344 1,383 9,404 0 o} 16,186
(24.7) 0.3) (2.0) (5.3)
Spodosol o V] 0 2,414 o] 0
{0.86)
Histosol 0 0 0 4,829 0 0
(1.2)
Oxisol 0 21,199 0 24,143 1,78% 0
{4.86) (6.0) (0.4}
Ultisol 4,310 147,473 77,114 115,887 128,369 35,121
(4.2) (32.2) (16.4) (28.8) (28.7) f11 5)
Othera 19,598 97,240 83,697 74,863 57,699 8,857
(19.1) (21.1) (17.8) (18.6) (12.9 (2.9)
Totals 102,609 460,853 470,202 402,384 447,279 305,402
(100) (100) (100) (100) (100) (100}
1/ Derived from Bonnet (12, Table 7).

2/ Numbers in parenthesis refer to percentages for Ares.
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TABLE 4. SOIL RESCURCES OF PUERTO RTCO GROUPED IN ACCORDANCE WITH THEIR

AGRICULIURAL POTIENTIAL

1. Soils of the humid coastal region

A. Deep, alluvial soils
(sugarcane, rica, atarchy vegetables)
New crops

B. Deep, red soils
(pineapplas, plgeonpeas,
starchy vegetables, dairying)

1I. Soils of the humid midlands

C. Boils of rolling topography
(plantains, cltrus, dairving)

IIT. Soils of the hur.d mountzin region

D. Teep soils with 50% slopes
{coffee, plantains, bananas,
citrus, dairying, beef cattle)

E. Medium deep soils with 50% slopes
(commercial forosts)

"y

Shallew soils or soils 50% slopes
(natural woodlands, wiidlife, recreation)

B. Shallow calcarcous soils
(natural wocdlands, wildlie, recreation)

IV. Soils of rhe semi-arid region

H. Deep, level, heavy, irrigable scils
(sugarcene, hay, beans, vew crops)

T. Deep, level, friable, irripable soils
(vegerables, beang)

J. Gently rolling scils, (some-adapted
to drip irrigation)

(manges, avocados and other fruits)

K. Steep shallow soils

1
Acres L

(natural woodiands, wildlife and recreastion} 230,016

V. Soils of the coastal lowlands

L. Saline, organic, marshy or sandy
{aquaculture, ecoicgical reserves)

Total 28
acres available
129,408 103,326
118,112 94,490
134,592 107,674
606, 640 485,312
350,578 280,462
283,106 227,585
101, 760 81,408
58,840 47,152
30,272 24,218
459,152 39,322
230,016
96,450 96,450
2,189,026 1,817,413

1/ 20% discounted for urtan, Industrial, roads and other uses except in

groups X and L,




TABLE 5.

ACREAGES AND PERCEXNT DISTRIRUTION, BY ORDER, OF MECHANIZED AND
NON-MECHAXIZED SOILS OF PUERTCO RICO l/.

Order Maechanized Non-mechanized Total
Entisol 61,286 ¢2,8) ¥ 37,208 (1.7) 58,492 (4.5)
Inceptiscl 118,190 {5.4) 726,652 (33.2) 844 B4L2 (358.6)
Alfisol 45,963 (2.1) 45,963 (2.1) 91,926 (4.2)
Mollisol 96,303 (&.4) 120,379 (5.5) 216,682 (9.9)
Vertisol 52,529 L2089 Y] 52,529 (2.4)
Spodosol 2,189 (0,1} o 2,189 (0.1)
Histosol 4,377 (0.2) a} 4,377 (0.2)
Oxisol 41,586 (1.9) 4,327 (0.2) 45,913 (251
Ultisol 111,624 (5.1 366,157 (18.1) 507,781 (23.2)
Totals 534,045 (24.4) 1,330,736 (62.8) 1,864,781 (85.2)

1/ Derived

from Bonnet (12, Table 11).

2/ Numbers in parentheses refer to percentage distribution by Order.




TABLE 6. AVAILABLE WATER BALANCE FOR THE SEMIARID REGILON OF PUERTO RICO (EXOLUDING
THE LAJAS VALLEY} IN MILLIONS 2OF GALLONS OF WATER DAILY i/

WATER
Demand
. ) ) 2/ ) Lndustr%ai Lost ] ?ota%

Municipality Available = Agriculcure Domestic Effective Balance
Guinica 23.2 13.3 3.9 143 18.5 4.7
Yauco §.7 4.2 2.8 1.4 8.4 -0.3
Guavanilla 13.6 B (.5 ~ 15.6 -0.2
Perivelas 19.1 6.2 11.9 1.4 19.5 5.7
Ponce 48.4 43.0 20,0 5.6 68.6 -20.2
Juana Diaz 36.3 27.0 2.5 2.0 31,5 4.8
Santa Isabel 56.2 48,2 Tl 4.1 53.4 2.8
Salinas 39.8 29.9 6.0 245 38.4 1.4
Gurayama 36.2 27.0 6.5 4.0 37.5 -1.3
Arroyo 10.4 7.7 .8 1.9 16.4 6]
Patillas 1t.4 B.7 1.1 a2 1z.0 -0.6
Ceamo 4,5 2.1 1.5 9 4.5 0
Villalha 1.7 .3 1.1 Lb i.8 -0.1
Mzunabo 2.2 1.5 v A 2.3 -0.1
TOTALS 317.3 230.2 644 27.8 322.4 -5.1

1/ Derived from (5, table 42%.,

2/ Includes wells, dams, and surface water.
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TABLE 9. NUMBER OF FARMS AND ACREACE BY FARM SIZE, 1974 7

Size Number of farms Acreage of farms B

Acres Actual % of total Acres % of total
Less than 3 2,781 9.4 4,061 6.2
3-9 Jiley 537 38.9 59,418 4.9
10-18 h,083 20.5 3,117 6.5
19-48 3,293 140 153,347 12,5
49-96 L, 785 6.0 118,142 9.7
97-169 885 3.0 111,274 9.1
170-252 414 Lak 85,607 7.0
253+ 872 2.9 510,618 49,9
TOTAL 29,650 100 1,223,631 100

1/ Derived from (5, Tablie 45b).
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TABLE 10. PROJECTED BIOMASS PRODUCTION ON 'THF S0ILS OF PUERTQ RICO

Totals
Dry Dry 5/
1/ biomass biomass BTU's =
Croo Socils Acreage = {tons/A) {tons) x lolz
Humid
Sugarcane Deep, level aliyviai 129,000 17 2f 2,193,000 32,895
2
Deep red 118,000 13 2 1,534,000 23,010
Rolling & deep, 186,000 n & 2,846,000 30,690
20% slope
Semiarid
Deep level, heavy, 59,000 gt 1,534,000 23,010
irrigated
Deep ievel, fiable, 30,000 26 780,000 11,700
irrigated
Total 522,000 8,087,000 121,305
Tropical
2rasses: 3/
Napier Humid, deep 20-50% 554,000 16 = 8,864,000 132,960
slopes
Sordan 70A Semiarid, gentle 49,000
rolling hills
Total 603,000 $,158.000 137,370
S8ilviculture Humid, medium deep 351,000 8 L] 2,808,000 42,120
solls 50% slope
Shallow or 5S0% 283,000 8 2,264,000 33,960
slopes
Shallow calcarecus 02,000 s 216,000 12,240
Total 736,000
Gran total 1,861,000 23,133,000 346,995

1/ From table 4, total acres reunded off to thousands.

2/ Base 30 dry toms/A x G.85 factor allewing for roadways, ditches, ete. The deep, level
alluvial soils: 17 tons/a projected from 26 x 0.67 factor for rainfall only, The deep
red soils: 13 tons/A projected from 17 x 0.75 facter rainfall only and s0il location.
The rolling topography: 1l tons/A projected from 17 x 0.67 factor for rainfall only and
soil location.

3/ After Alexander (31) with two 6-month Napier crops/year: 29 tons/A x 0.85 factor for
roads, ditches, ete. x 0.67 factor for no irrigation. Sordan 70A three 4-month crops/yr:
10 tons/A x 0.85 x Q.67 (factors).

&4/ From Inman (33): 11 tons/A x factor 0,75 roads and scil location,
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