ANTORING G b
272.%\

000654

: ' Natural Envxronmental Factors Affectinb 4'

Potential Agricultural Productivity Within
Selected Arable -Areas of the Linea Noroeqte :
I Region, Dominican Republic ‘ 1 ‘
by '
il G.A. Antonini N.P. Timofeeff L. Zobler

fi August, 1967 69 W’
[Ty " o;m*rmmumwmﬂvm oy .....,.\ ,_""_ e —

WEST INDIES LABGRATORY

T T CITY
- Fr’\iHY‘C". DICKINGOR UNIVERSITY
aiel,, ST CROIX

P

PO AN\*‘F §<‘ u\) \ W \) \~4 T
b J Vo 5‘4 \\)n_l'\“‘\/d \Ju\j;_,o

66066 54



.\~’ : L Natural Environmental Factors Affecting Potentjal
. - Agricultural Productivity Within Selected Arable Areas
' of the Linea Noroeste Region, Dominican Republic

. . AN
Report of a Special Study Team
- ' ' by
/
t
Gustavo A. Antonini Research Fellow in Geography (OAS)
- . Columbia University, New York
Project Coordinator
‘ .
' Nicolay P. Timofeeff . Assistant Professor of Geograpny
« .- v ' State University of New York
Binghamton, New York '
Leonard Zoblex R T Professor of Geography

Barnard College and
Columbia University, New York

New York, N. Y, . . August; 1967



TABLE OF CONTENTS

Igtters of T4ransmitta1 -u——-.---n.ubq-.----.------------n-nu-n-----.---

Acknowledgments----—r---~~~---ro—--~—-------;-;--------;1---;---~----‘

Sumnal‘y "o au - -.-----o.----.---. ----- --.b---.---u-----‘----‘----nu----n-nu‘

I. IntrOdUCtion —-—-o--n;--f-u-----.‘- ------ ;---n----h—n---n----;’—----

II. Surface Morphology and Geology =evnmscuua R b L LT
' Region I Entrada de Mao Lowland - o
Region IXI:  Santiago Rodriguez Inner Lowland
*Region IIL: Lower Massacre River Basin

III. Cartograplly --.....-.-‘....-.....;...-....-......;..--_-....-;..-..-g-;----'-;--~-?-.:.-_. :

v, ‘Natural Components of the Agricultural Environment ----3--~--~- :

General Design of SLudy
Soils: : :
field methods and data analysis;
factor soil units of regions I, II, III. :
ILand Surface: ; .
field methods and data analysis, , '
factor land surface units of regions I, II, III.
Climate:
nethods and data analysis,
factor climatic units.

Ve Multivariate Areas of Uniform Agr1cu1tura1 Potential ------- -
Method of Pormation ’
Ranking of Areas

Vi, Conclusions and Recommendations -----------5--?----------4-----

Appendix 1. Review of Previous Reoearch and Goologic Literature--~

Appendix.II.u Cartographic Field and Laboratory Methods _;----,--_--‘
' Appendix III. Sampling Procedure "“”"";f"'"'""""""";'°'"°

Appendi‘x 1v. Soil Variables ---.-----' ----- '..-:---.-----;,---......-;..---..

Appendix V, Land Sugfaoe@Yariables -----——---------~f-4¥-~----e~5-

16

19

42

53
57
59
63

66

e

e v



Barnard College

DEPARTMENT OF GEOLOGY AND GEOGRAFPHY , * COLUMBIA UNIVERSITY, NEW YORK 10027
T ' ' ~

August 25, 1967

Angel N. Pichardo

Executive Director

Instituto Nacional de Recursos Hidraulicos
INDRHI ..

Santo Domingo, Dominican Republic

REFERENCE: Final Report - Natural Environmental Factors
- Affecting Potential Agricultural Productivity
Within Selected Arable Areas of the Linea Nor~
oeste, Dominican Republic

Dear Ing. Pichardo:

It is with pleasure that the undersigned evaluatory technical
tean on the Linea Noroeste Region submits the attached repoxrt to you.
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amine existing potential for expanded agricultural output within areas
of present maximum production or potential production,

The Dominican Government's short-range developmental goals
emphasize the urgent need to assimilate first-hand resource inventory
decision-making knowledge in order to provide a sound base for specific
regional development programs. Our study has been organized to unravel
the pattern of existing natural environmental relationships, and has
identified major physical elements governing agricultural productivity.
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region's agricultural planning.,
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» SUMMARY

The agricultural poténtial of an eight hundred square kilometer é;éa
- in the Linea Noroeste region, Dominican Républic; was assessed. Because
: MM R T

- Information on the natural environmental péggéZiLrs was needed urgently
for economic planning, the study was conduéted at a semi-reconnaissance

vond beev Fluade petie "o gy
level, utili?;?éup%zrgég specially designedwland resource analysis tech-
niques, applied to a reduced area of 600 square kilometers. A stratified
random sample with variable proportibps of 606 one;hundr;desquare~mgter
sites was used to collect dataon soiig, land surface, and micro-ciimate.
fhe raw data consisted of nineteen variables for soils, five variables for
land surface, and five variables for climate. The data for each variable
set were submitted to a factor analysis by a computer., The resultant factor
‘units yefe mapped and described by their respectivg'variable loadings. The
factor ﬁn%ts were rankeq according to their limiting effects on agricultural
use due to thé influén§e of their variables. The rankgd factor units for
bsoil, land surface, and climate were next‘areally combined and plotted on &
map. The resuit was a multivariate factor map of site areas., Each site area
is marked with a three-digit symb§1 that describes its agricultural quality
and potential.‘ The specific field attributes responsible for the rank of a
given site may be.ohtained by reference to the composition of its factors.
The decision to ameliorate a iimiting property ir .left to the economic plan-

ner. The study is regarded as the initial step in a more detailed rescarch

program on the Linea Notoeste region.
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INTRODUCTION

The Government of the Dominican Republic is initiating a policy of
accelerated development of the country's economy. As agriculture is
chrrently the most important economic sector, it is urgent that its re-

3

gsources be inventoried in order that its income-generating potential may

be realized. Attainment of this potential will permit agriculture to make

three essentiél contributions to the gro&th of the népional economy of the
Dominican Republic:
(1) The increaée in prodﬁctivity will directly swell the
national income stream; ¥
(2) the rise in per capita income of those employed in
agricﬁlture will stimulate demand in other sectors and en-
Vcourage inveétment;

(3) export earnings and greater income in agriculﬁure will

“be available for investment in all sectors.

" Field Studies and Agricultural Planning

The role of agriculture in development is well known to economic plan-
ners, but it is worth drawing the attention of the reader to the broader

economic implications of the highly localized study presented in this re-

_port. Then, too, national policy-makers, though well acquainted with the

principles and models of developmental theory, often have difficulty in

- arriving at decisions over the allocation of scarce resources .to specific

projects and areas, Commonly, the difficulty derives from the unavail-

ability of the right kind of information at the right time. What is needed,

_then, is a means for the rapid generation of the proper data. This report

is illustrative of the wa&s'in which modern techniques of data assembly and
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processing facilitaﬁe the attainment of these twin goals.

Countries in the early stages of development generally are poor in
capital and are felatively rich in land or natural environmentgl resources
and ;abor. Agriculture is typically the dominant economic sector. This
is the situation that prevails in the Dominican Republic‘today. \In agri-.
culture, as contrasted to manufacturing, inputs of natural factors are
inevitably high, subject to limited control, and often ouiput determining.
Thus, in an pnderdeveloPed agficultural economy the relative importance of
natufeeas an.input is great. While capital inputs are low, labor frequent~-
ly is high, as in the Dominican Republic. It is important also to appre-

ciate that labor has embedded in it much "social capitalV in the form of

agricultural knowledge, skills, and.technology acquired over a long pericd

‘Eof'land occupance. A key objective of the planner is to devise the means

for barnessing this human capital by strategically blending withr it suit-
able doses of modern cépital and technology‘while coofdinating bqth with the
apprOpriate natural resources, Givén the relative abundance and costless- |
ness'of nature in the Dominican Republic,-it'folloﬁs that the definition and
identification of sets of naturalvenvironmental variables offer a means for
conserving scarce resources if an optimum mix can‘be obﬁained. Nature may
be.absorptive and wasteful of capital and labor in the sense that given in-
puts might havé yielded greater returns if invested elsewhere. Iﬁ order to
avoid this trap, the crucial matural resourée variables must be identifieé
and scaled. The study of other aspects of naturé, while of interest in
théir own right, would'be time~-consuming and largely jrrelevant to the
evaluatory objectives%f a given agricu.l‘turalv project, Again, the ;eport
is illustrative of this approach. |

In the field, nature confronts the investigator with a virtual infinitude
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of variables and attributes. Fortunately, these are not haphazardly arranged,

\

but are organized into natural ecos&stems in which agents, materials, and
processes are intimately related in well-defined geographic patterns. Agri-
culture is a mian-managed, -eco-biologic activity that is fittéd with varying
degrees of coﬁformity to the geography of nature. Départﬁres of the agri-
cultural system fr;m the natural order require investments of capital and

labor in the form of irrigation and water works, terracing, seed improvement,

~disease control, land drainage, fertilizer applications, etc. The field task

is to study the subset of systemically related natural variables that are

functionally involved with agriculture and which affect the viability of farm

operations. National planners will then have at their disposal, the requisite
' 3y

information on natural environmental resources to arrive at developmental

decisions.

Objectives
The objective of this report is to provide informatjion about a portion of
the Linea Noroeste Region in the northwestern part of the Cibao Valley, in

order that its agricultufal potential may be evaluated. (See general location

" map on plates in back folder ) The‘report does not make or recommend invest-

ment decisions, but provides data without which such decisions cannot be made
rationally. These data are on the soils, land surface features, and micro-
climates.othhe region; they provide the meaﬂs for the delimitaﬁiou of the
region into physically homogeneous subareas in terms of agriculiurally crucial

variables. The areas are arranged in a land-use classification system that

. reflects the ecologic impact on biological productivity of the interacting

variables, with each constraint suitably identified, Maps of landscape units

showing land quality pattexns are prepared. Modern statistical design and
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electronic data—proceésing.methods have been eﬁployed to facilitate and
hasten the study.

The report, maps, and field operatiOnal'scalé of the study are semi-
reconnaissance (1;50;000), small enough for ﬁlanning decisions and large
enough for field application, though more fiel@ work may be necessary fqr
certain applied phases, For office and field study, a set of eighteen
maps has been generated. These provide geographic inﬁormation on cultural
cartographic feétufes, landforms and geblogy, soils, cliﬁate, iand surface,
and multi-variable land resource areas. |
Study Design .

The design and general approach of the study areiapﬁar;nt from its
structural parts. These are listed below:

(1) acquisition and rectification of base maps;
‘(2) delimitation of naturai landform and geologic regions and
| "~ subregions; | |
(3) identification and field sampling of the'nafural physical
| cqmponents; | l |
(4) synthesis of uniform agricultural resource areas.

Field operations and information processing weré coordinated closely with

‘the above design elements and project objectives. In addition, several con-

ditions surrounding the project and the area uhde: investigation dictated the

 development and use of a new approach to land resource analysis., These con-

ditions were:
(1) limitations of budget and personnel;
(2) limitationé of time; rapid generation of information was
wanted and a crash'pfégéam approach was‘deve10ped‘utiliziné 14

man-months of professional time;
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(3) poveréy of published-basic scientific information about
the area; only 1:50,000 Army Map Service topographic maps,426
meter contour interval, were available;

(4) great inaccessibility of much of the area because of
difficult terrain, absence of even tertiary roads or frails,\ﬁnd

a dense and forbidding thorn-thicket vegetative cover.

Each natural environmental parameter is tréated séparately’according to

| its geographic variation withiﬂ the Linea Noﬁoeste. Subsequently, joint
arealldistributiOns are plotted. A discussion of the ﬁajor physicai impedi~

| ments to agricultural development #nd somé suggestions f§r further investi~
_gation conclude the study. . | . By

In April, 1966, the National GebgtaphicAInétitute'of Guatemala issued
its comprehensive broad-gage report on the Domipican Republic, "An Approach
for;Planning tﬂé Integral Development of the Dominican Republic." The work,
done at the request of the Texas Agriculturai and Mechanical Universipy/

. Dominican Republic Program, emphasized the urgent need fo: conducting detailed
field studiesito rapidly enlargen the sphere of kno&ledgé about the natural
resources of the countrxy. Though independently designed and prosecuted, this

'report is an implementation of that request and prdvides.basic'information
about the Linea Noroesté Region without which efficient;égricultural planning

cannot proceed.




II
SURFACE MORPHOLOGY AND GEOLOGY

The three study areas examined in this report are situated contiguously
within the Linea Noroeste region, which comprises portions of the north-
central and northwestern provinces of the Dominicaﬁ Republic, For cdnvenience‘
they have“been designated as Regions I and IX, the Entrada de Mao Lowland and.
the Santiago Rodriguez Inner Lowland respectively, poth.within the Cibao
Valley. Region iII, the Lower Massacre River Basin, is situated along the
Dominican~llaitian fronéier_and includes portions Bf the Cibao Valley’and the
Cordillera Central., The outer boundaries of the study aregbwere set aﬁcording
to topography to limit the dimensiéns of the project to land of highest agri-
cultural potential. Internally, further subdivisions were made based on
lithology, structure, drainage, and topography.

Little detailed previéns knowiedge of the project area was available at
the start of the study. No large-scale surface geological or morphologicai
maps had been published. ' A search of the literaturé revealed that extensive
detailed paleontologiqal studies, reconnaissance geolbgic traverses, ‘and
reconnaissange soil‘mapé cover portions of the study regions. However, these
studies perforce, are either detailed stgatigraphic descriptions along'iso-
lated river traverses, or highly generalized recounaissance level.feports.

The paucity of geologic information is most striking from Santiago Rodriguez

. :tb the Haician frontier--an area that until the 1930's was the habitat’ of

revolutionary groups and bandits, Thus, the detailed 1:50,000 scale surface

- geologic, morphologic, and soil maps presented herein represent original,

agriculturally oriented material for & previodsly unmapped area.
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" REGION I: THE ENTRADA DE MAO LOWLAND

Region I, termed the Entrada de Mao Lowland after the major community
located within its confines, is found in a semi-arid region of the hori-
zontal rock structure. The municipality Mao, Valverde Province, lies eight

kilometers from the central portion of Region I.

Originally a coastal plain during the Miocene geologic epoch, subse-

" quent uplift and development of the Cordillera Septentrional to the norkh

has,fransformad this area into an interior plateau, now remote from the
sea. Limestbne~capped.cuestas, striking WNW/ESE with a slight northward
dip, delineate the northefn and southe:n boundaries of th&é region. Drainage
divideé have been used as the eastern aﬁd western regional limits. Plate 1la
shows natural subregional units; while Plate 2a = is a map of surficial
geology., Figure'l (tree-diagram) iliustrafes the interrelaﬁionship of geology
and surface morphology at the regionalllével. | . |
The northernmost cuesta, termed from east to Qest, Sierra de Boruca, lLoma
de los Paios, La Loma, presénts solely a stgep inface to the study area, These
cuesta slopes are underlain by fossiliferous siltstone, a light browh/yellow,'
soft, highly calcareous materiél. Many straﬁigraphié units examined in the
field contain either calcareous concretions or are highly fossiliferous.
However; in some beds fossils are scarce or lacking. Photo I-1 illustrates
the morphological unit, while Pﬂoto i-2 shows a closeup of surface lithology.
Intérmediate on the cuesta inface, between the summit and lowland, and
in the area from Mao Adentro to Gurabo Adentro, one finds a limited area under-
lain by calcareous meta-crystalline conglomerate and limestone. The material

found in Region I is quite siwilar to an indurated congiomeratic lens inter-

stratified with limestone found at Jivamagao Arriba to the hoftheast.' This




Photo I-1, Entrada de Mao Lowland, forégrouud-older tercrace;
'mid-ground~undulating lowland; background-cuesta

élopes and summit,

LT A SR

* Photo I-2, Entrada de Mao lowland, close-up of cobbles

on surface of cuesta slopes.

»
f
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unit of,coﬂglomerate/limestone caps lobate hills lying adjacéntAto b;t
' at a slightly lower élevatioﬁ than the cuesta summit.

The mnext geomorphological uniﬁ found to th; séuth is the undulating 

lowland. This natural subregion has deQeloped on relatively weak

: fossiliferous.silt.‘ Sheet wash and accelerated erosion cha?acterize
this unit; gullyiﬂg is‘also well developed. ‘Surface lithology may be

" defined as pale olive in color, soft, :somewhat argillaceous calcareous
silt, with and without fossils. One small, isolated arca to the east
of the Mao River, and within the undulaging4low1and Qubregion showed
célcafeous silt and scattered loose gravel., This surfgcial éaterial
consisted of fluvially rounded cobbles and boulders of igﬁeous}and meta~

' morphic composition, The underlying material was a‘yellow#brown, |
argillaceous calcareous silt. f

Cuesta summit and‘slopeﬂ found albng the'fegion's southern soundary
are more complex in their interrelatiohsﬁipg. ;Their locations are noted
frém east to west. 'From'Jaiqui Picado to the Guanajuma Creeks indurated
fossiiiferous siltstone overlies fossiliferous areﬁaceous siltstone and
fine sandstone. This latter surficial geologic unit is foun§~on ghe lower

" “portion of the cuesta slopes at Loma de Naranjo, and forms a highly dissected
"~ topographic featufe. The unit contains indurateé fossiliferous lens, profuse
in iollusks. Photo I-3 illustrates the landscape developed here.

West of Guanajuma Creeks fossiliferous siltstone with calcareous colluvium
appears on the lower slopes of ioma de los Helechos and Loma Sierrecita,
Surface gravity flows of loose calcareous silt with scattered fossiliferous
material can be traced from their source area, the cuesta/mesa line delimiting
6ur‘sou;hern boundary, porthﬁard into the valley. Betveen the.Guangjuma Creek

| ) and the Mao River, surface colluvium occupies a considerable ﬁortion of the

j. | ‘ : | | .‘. -
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Photo I-3, Entrada de Mao Lowland, lower cuesta slope

.

materials, fossiliferous siltstone, and

colluvial wash.

. .
. -
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Photo I-4, Entrada de Mao lowland, floodplain of the

Amina River in rice cultivation,




. valley floor.

West of the MaésRiver, the fossiliferous siltstone member of cuésta
.slopes éoon disappears, its stratigraphic position taken by a stfuctural
bench underlain by coraliferous liméstone. This latter unit is best
observed on the roaa between Los_Quemados_and La Cacique., Yellow, yellow/
brown, hard, someﬁhat argillaceous limestone caps the platform at 240 meteré.
The cuesta summit‘lies adjacent to this structural bench and one hundred
meters higher. Both units represent true reefal deposits, containing a
great number of branching corals., |

Recent floodplain and stream terraces mapped are those features associ-~
ated with the Amina, Mao, Gurabo rivers, and Guanajuma\Creek. Photo I-4
" ghows floodplain of the Anina Rivef in rice cultivation; All are exotic
perenniél streams, entrenched, and have extended their ccurses from the
‘Cordillera Central northward through thg study region; These rivers are, in
fact, extended consequent Qtreams which developed initially when fhg region
* was a newly uplifted coastal plain., The Caﬂgda de Tonico, a dry-wash tri-
butary of the Amina River, represents more recent stream development., This
cyclical subsequent stream has developed on the belt of weaker rocks of
foséiliferous silt underlying the ﬁndulating lowland,

Both fine/médiumf and coarse~textured, unconsolidated, recent floodplain
Adepoéits have been mapped.- Three types ofAstream terrace deposits are
defined: (1) graveliferous; (2) fine/medium?textured; (3) bedrogk. These
latter deposits are found lying adjacent to the outer perlmeter of the
recent floodplain., Bedrock terraces may or may not have a thin veneer of

alluvium on them; Essentially, they represent remnant valley flats produced

in most 1nstances through lateral erosionkg%keams.

Aoy
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J - ' .REGION II: THE SANTIAGO RODRIGUEZ INNER LOWLAND

Regioh 1I, the Santiago Rodriguez Inner Lowland, extends from Las
Caqbas westward to the Cerro de Jacuba in Dajabon Province, a distance of
43 kilometers. The area is wi)dest on the east, between El Guanal and
Martin Garcfa (18 kms.), but narrows westward between Partido gnd la Gorra,
(8 kms.)., Total area of Region II is 315 square kilome;ers.

The Cibao Valley/Cordillera Central geqlogic contact serves as the
southern regional boundafy. While to the nSrtheast, from Las Caobas to
Mariin.Garcia and‘Machete, thg limestone cueéta of Miocene age, called Loma
de las Caobas and Sierra Zamba, prévides a patural limit., Northwestward, a

. metamoxphic inlier of the Co:diliera Central forms the baundary from Cabeza
de Toro to Baboéé,lLa Gorra, and Sabaﬁa Larga.. This ﬁpuﬁtain mass is locale*

:M~f1y‘ca11ed loma de los Garquises. The region's eastern boundary lies along
the dissected Cer?ado sandstone upland/piedmont plain contact, while the
westexn limit follows a drainage divide. Plate 1b shows the matural sub-
divisions, while Plate 2b is a map of surficial geology. Figure 2 illustrates
fhe interrelationship of geolbgytand surfacé morphology at the regional ievel.
Perusal of Figure i shows the major regional geomorphological units:

(1) recent floodplain; (2) stream texraces; (3) piedmont plain; (4) piedmont
upland; (5) horizontal structural plain; (6) belted metamorphics; (7) complex
crystalline hills., | ' |

Recené and.older fluvial deposition along the entrencﬁed Cana, Yaguajal,
Guayubin, Aminilla, Chacuey, Maguaca rivers, and Macabon Creek formed fine/
medium and coarse terpréd, unconsolidated deposits.v Photo II-1 il}ustrates
a fine textured recent floodplain deposit along the Guayubin River.' Photo

'11-2 shows & stream terrace graveliferous deposit.




coarze fine and coarse fine 304 coarse Surtxce weakly fossiliferous weakly coraliferous  coquina-lime  Scattered indurated meta- meta.’ schist plutc:
textured medium textured medivm texturce crvai ndurated siltstone esmented limestone breccia gravel calcareous  morphosed  morphosed igree.
gomt bar texmr;d deposits textured dopanits wi toarse calcareous veneer sandstone mafic organic rock:
daposits deposits daposits %- wcarwcy;  Poglomarate meta-crystalline overlying ] volcanic limestone wits
| - \ @'d e gravel ’ fossiliferous rocks scatte:
! des0us silt grav:
! 2vapoikes | vens
!
Recent ﬂSOGDIam Stream terraces Piedmont plains Piedmont upland Horizontal structural plain Belted metamorphics

Complex crystalliine -

_REGION 1t

P -

Troe diagram of Santiago Rodriguez Inner Lowland, showing relations of natura! subregions and surficial geology
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Sanﬁiago Rodriguez Inner Lowland,'recent flood~
plain of Guayubin River.
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Santiago Rodriguez Innew Lowland; graveliferous
strean terrace deposit.,

«

Santiago Rodriguez Iunner Iawland,'dissected‘piedmont
upland.
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The Piedmont élain naﬁural subrégibn,vthe largest areal unit in
_‘Region II; extendsifrOm Lag Caobaé to Gavildn on the extreme west., At
.éénchei, 2 kilometers south of 1as.Ca9bas, piedmont plain gravels are
found interstratified with the fossiiiférous silt of Miocene age. Here,
* they lie within interstream areas of rolling plains developed on marine
horizontal sediments. Westward, a series of piedmont fans extend for
several kilometers away from the mountain front. At Alto de Cana and
Mata de Jobo, weakly indurated, coarse conglomerate underlies a dissected
piekmont upland (see.Photo I1-3). This yellow-colored conglomerate is
interbed&ed with sand and contains:poorly sorted pebbles, cobbles, and
subanéular boulders of diorite, graljite, schists, and otﬁer rocks of the
basal complex, ranging from 1 cm. to 30 cm.‘in diameter., At Lizaro, Agua
.Clara, Estancita, and farther west at La Brena de Campeche, lag gravel
deposits are found. These deposits, located at the northern bgse o6f the
mountain range are in fact gravel plugs, similar in morpholbgykand com~
position to ailuvial fan sysfems déve10ped elsevhere. They occur where
- sudden change in gradient at the £oot of éhe mountains causes rapid
deposition of coarser débris. These piedmont coarse~-textured deposits
consist of rounded to subangular weathered gravel, composed of varying
amounts of metamorphic mafic voicanics, calcareous mefasediments, schists,
and plutonic igneous roéks. Photo I1X-4 sﬁows a typical landscape devéIOped
on this material. The land surface is illustrated in Photo IX-5.
Fine.to.medium—textured deposits are found north of the Piedmont Upland.
They are yellow-red/yellcﬁ/yellow-brown, ﬁbé;éélcareous; predominantly silts,
interstratified with sand and clay. Ngte.the'land surface which characterizes

this geologic unit in Photo I1I-6.
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Photo II-4, Santiago Rodriguez Inner Lowland, piedmont

upland on coarse conglomerate,

Photo YI-5, Santiago Rodriguez Inner lowland, close-up

of coarse material of piedwmont upland.
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Another'surfiéiai.un;t mapped witﬁin the Pied@ont.Piain is surface
gravel with célcareous and noAcalcareous evaporites. Most outcrops
: éssociated with this deposit are found within the dissected interfluves
: of the creeks and'dry washes of thé western area. In this semi-arid
environment, calcium carbonate is deposited chemically.in the solum.
' Lime-bearing water evaporétes instead of finding its way to the water
tagle. Here, concretionary masses are found in the subsoil and at times,
 as masses or layers close to the surface. Photo II~7 shows a bgdlands
topography developed on caliche with a surficiai'grayel veneer in Baboso
parish. |

Northwest/southeast-trending inliers of metasediments project'through
the piedmont plain in Region II. These monadqock—iike féétﬁres of resistant
‘rock with their associaﬁed pediments are found at Cerrxo Chino, located along
"the banks of the Guayubin River. Here, sheared schistose rock and quartzite
klens outcrop. At'Cordero to the éouthwest, intensely sheared organic lime-
stone lies in contact with‘maséive gteenstoﬁe. This organic limestone unit
outcrops also farther west, as at Cerro del LLano, one kilometer northeast
of Chaquey, and at Cexro de Jacuba on Region I1's western limit.,

Plutonic igneousvrécks in contact with the Piedmont Plain define the
region's southwestexn bogﬁdary from Sangre Linda to Chaquey with a portion
of these complex crystalline hills occurring within the study area. Here,
quartz diorite is found, and also quartz kerataphyre, which is fine-grained,
and contaiﬁs albite, and also soﬁe quartz phenocrysts,

Theynorizéntal strucgural Plain subregion is located northeast of the
piédmont plain. This marine unit is actua}ly a continuation of those rocké
of Miocene age examined in Region 1.' Fossiliferous silt underlies the

gently undulating plajrfrom Las Caobas to Zamba.  This unit has a gentle
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Photo IX-6, Santiago Rodriguez Inner Lowland, piedmont plain
on fine material. ’

Photo II -7, Santiago Rodriguaz Inner Lowland, piedmont
-plains with "badlands" topography.

i - ' S

Photo I1-8, Santiago Rodrigu$z Inner lowland, horizental
structural plain.

L}
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dip nortﬁward £OWard the.Sierra Zamba. The‘material exposed here is pale
oli;e, soft, somewhat argiliiferous.‘ Fossil pectins are foundlin places,
sech as in the Los Guanos Creek, northwest of Las Caobas. Phopb 1I-8
sﬁowe ﬁhe plaiﬁ. | |

| Small, scattered deposits of weakly cemented calcareous metacrystalline
gravel lie superficially on the fosslliferous 811t'. This material is

oxidized, fragmented, and of pebble/cobble size. A pravel pit,’located on
. tﬂe road between Santiago Rodrigﬁez'and Zamba exposes this surficial material.
' Isoiated reefal 3eposits of fossiliferous limestone and coquina occur
between Zamba eqd Martin Garcie;,‘The limestone is yeilowlyellowfbfown, hard,
and somewhat argillaceous. Cpquiﬁa ie-found at the diftal end of the lime-
- gtone deposits and consists of enconsolidated small shells and sheil_fragments
in a cal-lime matrii.‘ Photo. I1I-9 shows the shell deﬁosits.

A ecatqered surficial veneer of lag gravel Qas seen overlying fossil-

iferous silt alongAthe &est bank of the Guayubin River at Boca de Aminilla,
- ‘and west of thelmacabon:Creek ac.Detrés de la Sierra. The gravei here may
represent fluviel depoeitiqn of coarse ffagmentsﬂéeyond the outer perimeter

of the alluvial plain during some past pluvial stage.

REGION IIX¥: THE LOWER MASSACRE RIVER BASIN

Region III, the Lower Massacre River Basin, extends in a north-south
direction along the eastern border of the Dominican-Haitian f%ontier, from
Manzanillo to Loma de Cabrera and Capotillo, a distance of 31 kilometers.,
Total area studied here is 17OAsquare‘ki10meters. |

The political boundary served as this region's western limit. On the

14
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north and northeast, the drainage divide was used as the regional boundary.
The me;acryséalline/piedmont plain contact was then taken to form the limit
from Clavellina we;t and south to Buena Vista. While the base of the
mountains, La Traversada, Cerro de la Mercedeé, and Loma de las Palomas,
defined the §Outheast and southern bbundary. Plate lc shows the natural
subregions, wﬁile Plate 2c¢c is a map of surficial geology. Figure 3
illustrates the interrelétionship between geology and surface morphology -
at the regional level. ‘ A Ly
.. Pérusal of Figure'S shows the major reéional geom§rphologica1 units:
(1) recent'floodélain; (2) younger piedmont plain; (3) older piedmont plain;
(4) horizontal structural plain; (5) complex crystélline‘hills;\(6) belted
h ﬁetamorphics. | T '
| Recent fluvial debosition along the Massacre River has laid down fine/
ﬁﬂnwdium—textured, unconsolidated sediments., This area, located north-
northwest of Dajabon and extending to Sanchei is extremely level land, crossed
by many distributaries by which the river funnels its discharge. Recurrent
annual fiooding has handicapped agiicultu;al develbpmeﬁt here, Test borings
at six locations showed, recent stratified silts and clays to more than a six-
foot depth., Photo III-1 shows the landscape deveioﬁed'here. Note that a
'small stream terrace of the Massacre River is included within this sub-
régionéi upit.' Located at-Dajabon, this one-quarter squaxe kilometer area
is normally not subjected to récurrent flooding: |
The Piedmont Plain geowmorphic unit in Region III is subdivided into
younger and older plains on the basis of air photo interpretation and field
observation. The bidgé unit is acﬁgally the weétward continuation vf Region
" I1's piedmont plain and retains essentially the same chéracteristics. Fine/

medium, coarse, and evaporite deposits are also found herxe,



fine and medium fine and medium coarse textured fine and medium eoarss textured surface gravel with fossiliferous silt coraliferous limestone metamorphosed plutonic Igneous ror
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F 1G - 3 Tree diagram of Lower Massacre River Basin showing retations of natural subregions and surficial geology
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The Younger‘riedmont Plain oéerl&es the older unit west of the 2180001 K,
grid coordinate, This contact is identifiable on overlapping aerial photo-
_ graphs viewed in stereoscobi. ‘The piedmont fan originates at Juan calvo
where the diameter of its Qpex is two kilometérs. lateral spread of fine/
medium-textured materials in lobate form occurs northward to -its Canongo/

Sdnchez terminus. Gravel plugs occur just north of Juan Calvo, at La Vigia,

-

and between El Cercado and Sénchez,

Tvo small inliers of organic limestoﬁe outcrop at Sdnchez and Caﬁbngo.
These units, treﬁding northwest/southeast are tbé weséward extension.of the.
unit mapped ip Region.II.

‘A large piuton of tonaliée underlies the‘regiOn from®Juan Calvo south
to Loma de Cabrera and Capotillo., The topography of this area is generally
much less rugged and of lower elevation than the surrounding’mountain
system. (Photo I1I-2). This complex érygtalliue»hills subregion may
correlate with a tonalite zone mapped bétween Jarabacoa and'Monéion and a
quartz diorite‘region-magped in northern Haiti;, It would therefore represeant
a portion ofkone large batholith of over 100 kiloﬁetefs in extent, tfending
in an east/west directioﬁ;

While the tonalite (quartz diorite) group appears to be the_coﬁntry
rock within this subregion, volcanic and metavolcanic rocks have also been
' observéé and hand spécimens examined, Severgl basaltic rocks Qere found in
the Don Miguel, Juan Calvo, La Pina area.

local shearing has produced in places contact metamorphism. This
phendména was observed near the juncture of Arenoso Creek and the Massacfe
River at La‘Hoxa.‘ fhe basaltic~amphibolite rock found had a scﬁistose'
structure. Silvery metallic ore was found here. Two kilometers west-
southwest ;t Pueblo Nuevo, cbntact metamorphism waé again.qﬁservgd with the

occurrence of the metallic ore,

'Y



L ’ | - : i

Photo II-9, Santiago Rodriguez Inner Lowland, horizontal
structural plain with shell fragrents on , _
suxface. ‘ : , ‘

.

e

Photo III-1, lLower Massacre River Basin, recent flbodplain
of Massacre River. : ‘

e

Photo I1I-2, Iower Massacre
River Rasin, complex
o crystalline hills. :
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Operational and iogistical problems in the fieid early centered on
the fact that the Army‘Map Service Series‘1:50,000 topographic and photo-
maps had not been field checked to verify all existing cultural data.

Frequently, the actual site of a village occurred kilometers from its map

*location over intransitive roads. In addition, most drainage'features

.

were expressed cartographlcally as intermittent streams (arrOyos) when in

actuallty they were cyclical features or washes (canadas) ‘The need for

‘ field-verified drainage, and Other cartographically expressible cultural

map data was immediately realized and incorporated into the field work
phase, Hence, the following'statements cah'be'made tegarding our base map
data for Regions I, II, and.III.

First,‘draihage fe#tures have been classified as follbwé:
| 1. .Perénnial features, i.e., rio (rivex), contain water during

most of the year.

2. Intermittent features, i.e., arroyo (creek), contain water

‘during only part of the year.'

3. Dry or cyclical features, i.e., canada (wash), are usually

dry most of the year.
Second, road and trails have been classified as follows:

1. Hard-surface, all-weather two-lane roads. These roads can

carry fairly heavy truck loads in all weather.
‘Construction is usually bituminous macadam,
surface-treated oiled gravel, or light tar-

bound macadam.



2. loose-surface, all-weather roads. These roads carry

’  1ight loads in all weather. The roads
generally are drained and gradéd. Constructiod
is usually of gravel, stone, or some stable
material such as sand-clay, on a light foun-

. dation.

. 3; loose~-suxface, fajr or dry weather roads. These roads
carry light loads in dry weather only. The
. - roads may or may not be graded ox drained. Any
surfacing consists of gravel, or sand-clay with
a poor.foundation. : v
4, Tracks. These are natural roadvays, hefe in the Linea
Noroeste termed callejoﬁes; that can accommodate
very light §ehic1es with four-wheel drive in drxy
weather. |
S Eggilg. These include important foot trails, paths, and
 pack trails. Note that both the drainage classi~
fication and(trafficability categories follow
those outlined in the following réference: U; S.
Dept., of the Army. Field Manual FM 21-31 (Topo-
graphic Symbéls). June, 1961.
The site of each rural settlement occurring in the study regions has
been verified and its actual location on the base map plotted. These
‘communities have in addition been classified as a parish, éection, or

mmicipality using the following wmap notation:

Parish ' Santa Maria

casSey

Section . SANTA MARIA

Municipality ' SANTA MARIA
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All spelling has been checked with reference to:

Direccion General de Estadistica y Censos.

‘Republica Dominicana.
Division Territorial de la Republica Dominicana. 1961.
“',
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 NATURAL COMPONENTS OF THE AGRICULTURAL ENVIRONMENT =

General Design of Study

With insufficient knowledge of the physical environment available for
planning purpoées, a primary objective of the study was to uncover the
'needed information as quiékly as possible. The three mdjor interactiﬁg
site environmental variables affecting the biologicalAproductivity and agri-
cultural potential of the region agé soils, climate, and land surface.
. These features co-vary through space. Hence, it is hecesbary to delineate
their joint areal distributions in order ﬁo a;éess the quaiity of the region,
since any one may be limiting fér agriculture. In othér words, unit areas
of land in the Linea Noroeste region were examined and theif soil, climatic,
and land surface properLies were simultaneously characterized., 1In all,
forty-one soil attributes, five climatic attributes,, and four land surface
attributes vwere initially scored and recorded in the field, By the use of
appropriate statistical ﬁeéhods, the data were proéessed through an
electroniccomputer. These permitted the sampled:sites to be compared with
each other and ultimately to be collapsed 1nto typical sites and uniform
areas. The prqceés was applied to the sites for each of the three main
variables: soil; ciimate; and land surface; separately and joinély. Thus,
the major physical impediments to agricultural development in the Linea
- Noroeste region were identifiéd by kind and geographic location.

The initia1 step in the analysis was to devise a fieldfsampling pro-
cedure whichlwould insure that the sites examined wouié provide the needed

information on soil, climatic, and land suxface propérties and would be
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repreSentative of fﬁe conditions that prevaii'in the Linea Noroeste region.
" In other words, the sample population had to be randomly selected and of
sufficient size to provide unbiased information about the whole region.
Considering the limitationé'of time, budget, and geographic scale, it was
decided that six hundred and six sites would be adequate. After the
initial eight hundred and twenty square kilometer areé had been reduéed
because épproximatély two hundred square kilometers along the periphery
were unsuited for cuitivatioﬁ; one\member of the team, Mr. Gustavo A. -
Antonini, examined each site in the field.

The specific location of each field site was selected according to a
stratified random‘éreai sampling with variable proportion @ethod. According
&o this procedure, the total sample population was nﬁmeribally distributed
ambng the regions and subregions described in the previous section, pro-
portionate to the size of their areas., Thus, each region was aséigned its
fair share of the total, Within each subxegion, the specific location of
each site was selected by randomly designated geographic coordinates |
generated.by an electfonicchmputer. These sites wer; then visited in the
field and their properties recorded, generalized, and projected to the whole
region. The method permitteg the identification of the catégories of soils,
climates, and land surfaces, as well as reliabie estinates of the areal |
propOrtibh of each category for the diffefent variables, 'By reference to
air photos and tdpographic maps, projected geographic patterns were récog~

nized and represented on maps.

SO1LS

Because -of the wide rahge of soil-forming factors present in the region,
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ths pattern of soil development can te expected to.be varied and reveal a
complex geographic distribution. .The 1ooai pedogenic regimes are the.
result of the interaction of parent materials, climate and microclimate,
and land surface. From the\tree diagrams showing the relations of the
natural subregiOns and the surficial geology, it is apparent that a wide
variety of rock materials, differing both lithologically and physically,
are available for traﬁsformation into soil. These include ooﬁsolidated'
and unconsolidated materials,‘various textural sediments, calcareous and
non-c alcareous deposats, and sedimentary, igneous, and metamorphxc xrocks
.of contrasting mineralogy and age. )

_Superlmposed on the parent materiais are the influénces of climate
snd land surface, The climatic differences of grsatest significance dexive
from the effectiveness and availabilit& of soil moistire. These may be
’reduced to three components, the first independent of the soil itself, and
the second and third dependent in parxt upon the properties of the very sozl
whose formation they are affectlng. They are: (1) annual and seasonal
distribution of rainfall, the former ranging. from an spproximate mean annual
oaximum of 2200 millimeters to an approximate mean annual minimum of 850
millimeters. The variation in annual and seasonal precipitation would ﬁave
pedogenic‘effects even if the land surface of the Linea Noroeste were
oerfectly'rlat and composed of uniform surficial materiai. Because it is
| not, two other moisture components are superimposed on rainfall, These are
the dlfferent infiltration rates, perweabllitles, and moisture-holding
capacities of the materials, and the water runoff recelved,by depressions
and lowlands from uplands. These two co?ponents are reSponsible for local

P

pedogenic transformatlons, (2) the depth of moisture that the soil is

v Aoy

capable of retaining at field capacxty, against g*avity from a given rainfall
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receipt, expresses thé total effecti?e(soil forming water, and separates
the moisture that remains in the soil frOm the frée wéter passing
through the profilé and running over its surface; (3) addition of watex
to the soil body from above or belgw may result'from its topographic

position relative to the surrounding area. Runoff water from higher

"~ surfaces may accumulate in, local depressions or low surfaces and

significantly increase the entrance of water 1nt6 the profile; A similar
phenomenon may occur on alluvial surfaces when streams are in flood stage

and inundate theif plains; This may occur more than once a year or as

little as‘oncé in fifty years. Flooding from beneath takes place when the
unconfined water table‘rises and lies within the profile on at the surfaée.

| The influence of thé land surface on soil formation is, of course,

very much involved in thé third climatic variaﬁle treated above., In addition,
it affects the depth and age of the sd%l. Waterx moving downslope over sur-
faces chrries'eroded soil material in susbénsion'ﬁhich it deposits at the

foot of the slope where its velocity becomes 1nsﬁfficient to éarry the

-material further. The removal of weathered materiél from the upland sur-

face redﬁces the soil depth and continually exposes rock at the surfate so
that the soil is youﬁg and immature., On the other hand, the lower surfaces
continually receive deposits of freah material so that the soil body'againv
Qemaiﬁs‘yéung and immature, and, in Addition,40pen and unéonsolidaced.

In brief, then, the pedogenic environment of the study area has the

properties and variabilities that encourage a complex pattern of soil

formation. It is the purpose of the study design and analysis to uncover

this pattern as rapidly as feasible, ‘The method empldyed is described .

briefly in the next several paragraphs.



Field Methods and Data Analysis

Within each randomly sclected 100-square meter sampling site, the
soil was examined at a point regarded as representative by the field
investigator. A 10.16 ceﬁtimeter (four inch) diameter bucket auger able '
to reach a depth of 103 centimeters was employed, Forty-one soil proper-
 ties were determined initially; these includeﬁ texture, color, depth,
horizons, cénsistency, effervescence, acidity, and many others. However,
only ninetéén properties were used in the aéalysis. Because the samples
were téken with.an auger, only soil variables and attriﬁutes that were not
destroyed by this method were used in the study. Except for pH,vno che-

. mical or mineralogic‘determinatiohs were used, '
Data on the variables wére record;d at each sémpiing site on field
."shééts. The information ﬁas écaled numerically and punchéd on IBM (Intex-
nationailBusiness'Machine) data cards for computer processing. The location
of each sampling site was noted on the field sheet and on the IBM card by
an appropriate identlficatlon number , |

Because of the limitations of the infbrﬁatién ﬁncévered and the way in
which the samples were éollected, the findings and maps presented are not
identical with traditional soil maps or soil classificétions. Nonetheless;}
the information gathered is valid for the purposes of tﬁe study, that is,
the recognition of the soil.prOperties affecting the potential agficultural
productivity of the Linea Noroeéte‘region. Togethexr with éome additional
study, these déta can provide the basis for a moxe comprehensive classifi-
cétion of the soils,‘iéineeded. .

Treating the main regions jointly, each sampling site characterized by

nineteen fcored soil variables was compared to every other site in ofder to
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set up uniform types whose geographic location could be shown on maps.

.Thus, uniform soil regions were established. The work was done by an

IBM 7094 electronic compuﬁer. A factor analytical technique was employed
following a spécial machine program,¥ | |

Factor analysislis a statistical tedhn?gue by which the relationships
among a large number of variables may be reduced to a smaller number of
variables or common faétors. Thus, the essential‘vafiables that are re-
sponsible for the distinctive properties of the soil samples can be
identified and éggregated into indépendent soil groups whose geographic
distribution‘can be plotted, A study of the variables contributing to
each factor composiné the soil groups and the geographic patterns of
@istribution for the groups, exposes the nature and quality of the soils
in the Linea Néroeste.

The soil uniés that are'described and mapped are soil factor cate=-
goriees,Anot soii groups as the texm is used traditionally., A factor

category consists of the nineteen variables which have been used to

~ describe all the soil samples. The variables are synthesized into factor

categories whose variable structure reflects the behavior or composition
of the samples. Several factor categories are generated by the anélysis

in the most efficient manner; that is, so as to explain the maximum amount

- of information in the system. After the factors have been generated with

their respective variable loadings, the soil at each sampling site is

" matched to the closest factor or factors. Hence, the soil descriptions:

are given in terms of their factor affinities, and, the program acts to

cluster the sample .

o]

Six factors or groups of variables were generated by tﬁe analysis,

The composition of each factor in terms of the nineteen variables permitted

% The program called "MUST" was writter. by Mr, Vincent Manson, American
AMreanm A Mabural Hiastorvy and Columbia Uriversitv, both in tlew Yor¥., .Y
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the soils to be ideﬁtified. That i; to.say, the soil of each sampling
site could be fitted to a factor, which_may be regarded as a synthetic '
soil.” All of tﬁe f;ctors'takenvtogether describe tﬁe compositional
variations for all the soiié observed at all the sampling sites by the
nineteen selected variables., For each factor, an actual soil was

located that closely fitted the factor; this is the reference soil for
that factor to vwhich tﬁe composition of other soils was compared. Some
soils departed from a "close fit" to a single factor. Their comﬁositiOnal
varjation was partitioned among two or three factors. The identification
and location of.theée soils led to the setting up of additional soil units
and areas, | . ' o N

The soil factor units of each subregion are described below:

Factor Soil Units of Region 1, Eﬁtrada de Mao Lowland
. 1. TFactor 1 soilé are dexived from fossiliferous siltstone, and are deep
but moderately developed They are medium-textured, t}pically, loams,
silt loams, and silts, but have silty clay and clayey subsoils. They
are highly plaétic and sticky when moiét, and tend to suffer from poor
internal drainage., The ﬁrofiies may be stone free or contain some
fossiliferous fragnents; The pH of the surface and subsoil ranges from
7.6 to 8.0 and they‘contain considerable free lime., Their surface
color varies from dark brown to dark gray-brown and their sgﬁsoils are
olive to olive-brown in color.
| These soils occupy the lafgest area within the fegion and are the
core of the undulating lowland. Good examples of the gfoup and the
reference sité may be observed approximately one kjilometer east of Potrero
at coordinates 958" dnd 542, sheet 6074 11X (Moncxon, D.R, ), U, 8. Army Map‘

Service; Corps of Engineers, 1:50,000,
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Factor 2 soiis are shallow stonylﬁhases of factor 1 soils. They are
less than 183 centimeters.to hardpan or hard rock, and contain
coarse fragments, genérélly calcareous, bui occasionally are associ~
ated with a veneer of gravel. Colors of the two soil groups are
similar, though subsoil colors of ghis unit are more appérent'at the
surface, Eactof 2 sdiis commonly occupy a belt between the higher
limy - rocks along tﬁé marginsAof the region and the lower lying |
factor 1 soils. |

An»accessiblé good exampie of this soil faétdr may be observed
along the‘main north-south highway in the'vicinity of Los Quemados

at coordinates 734 and 560, sheet 5974 II (Moncion, D%R.), U. S. Army

. Map Service, 1:50,000, The reference site, however, is located at

coordinates 842-546 on the same shéet._
Factor 3 soils are composed of yoﬁng,alluvial.floodplain materials
that are subject to periodic stream overflow unless protected by

dikes, The texture of the deposits are medium to coarse, and, in

'placesythe soil may contain gravel and coarse fragments, surficial

and scattered in the profile. Profiles are deep and generaliy well
drained internally, but external drainage is poor to very poor because
of flooding. Color of these soils varigs from dark brown to dark
gray-brown in the.surfaée, while subéoils vary from dark gfay-broWn
to yellow-brown and olive:gray. (One sémpie had a reddish;brown sub-
soil.) The pH ranges from slightly acid to slightly alkaline (6;8-7.2),
with subsoils tending to be on the alkaline side. One s;mple; however,
had a éH of 8,0 at a depth of 75 céntiﬁeéers. |

Good ex;mples of this factor ray be observed east of the village of

El Cercado near the intersection of coordinates 806-557, sheet 5974 II

Qfoncion, D.R.), U. S. Army Map Service, 1:50,000,
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Factor Soil Unitslof Region II, Santiago Rodriguez Inner Lowland

l.

2.

3.

Factor 1 soils‘are also found in a large area of ﬁegion Ii; having
developed ffo@‘similar.parént material, a pale olive fossiliferous
silt.

Also present in Region iI, occupying large areas, is a variant
of the factor 1 éoil group, designated as la. In these soils the

pi's tend to be somevhat lower and free lime is less pronounced.

- The browmish color is more strongly developed and the pale olive

color of the subsoil is absent. Coaxse fragments tend to be more
common. A reference site for factor 1 in Region II ig ;t co-
ordinates 518-580, sheet 5974 IV, Martin Garcia sheet; avreference
site for factor la is at 555-564, northeast of Santiago Rodriguez,

on the Santiago Rodriguez sheet, | |

Factor 2 soils also are found -in Regién II occupying a belt developed
on outcrops of various kinds of limy rock.maéerials éﬁd'fragments
with inter-mixtures and overlays of graQel. Hénce, these soils are
shallow, medigm to cohrse-textﬁred like their counterpart iﬁ Region I.
A reference site may be seen at coordinates 496-646, sheet 5974 III,

Santiago Rodriguez sheet,

Facﬁqr 3 soils, as described for Region i, are also found in Region II

along stream courses, In addition, there is é substantial area of
intermittently distributed factor 3 soils throughout the Piedmont Plains
subregion associated with‘the narrow, shallow valleys and floodplains
that ramify the landscape in a dendritic pattern; Not all of these sites
have been showh, but sqffiéient detail has been mapped to indicate their
areal distribution. A reference site may be seen at coordinates 488-693,

sheet 5974 IV, Martin Garcia sheet.
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Factor &4 soils are‘fbund in the southeastern part of Region IX, on an
upland éiedmont‘surface composed of a weakly indurated mixed conglomer~
ate. The soil is coarse-textured containing a varied'aseortment of
rounded igneous pebbles and cébbies. In places, an indurated layer may
be reached, but more coﬁmonly the profile is open and permeable.>'As a
result, internal drainage and external drainage are excessive, the lat-
ter being due to steeply sloping surfaces. Texture grades from stouny
silt loams to coarse and £ine sandy clay loam subsoils. The pﬂlof the
soil is sllghtly acid to neutral. The colors range £rom a dark reddlsh

brown to reddish brown surface soil and from a yellowish browa to light

olive brown subsoil. A reference site is 1oceted at coordinatesS9S 506,

“

sheet 5974 III, Santiago Rodriguez.

Factor 6 soils are upland soils develeped on igneous crystalline rocks.
They are light;textured, shallew and stony, and tend to be excessively
drained. These soils are on the acid side, but ehe subsoils may be
slightly alkaline. Surface color is typically dark brown and the subsoil
{s a strong brown. A reference site'ié lecated.at coordinates 339-572,
sheet 5874 11, Lomade Cabrera. o

Factor 7 soils are developed from mixed metamorphic rocks, including

‘schists, meta limestone, and greenstone, These soils are not of large

areal extent. They have medium-textured surfaces and heavy-textured
subsoils with considerable coarse fragments of residual mate;ial on the.
surface and in the soil body. Profiles are shallow. The soil material
exhibits a surprising degree of stickiness and plasticity when moist.
The pH of these soils ranges from slightly acid to slightly alkeliﬁe.
surface colors are -dark brown gradiag imto a light yellowish brown with
increasing depth. The reference site is at coordinates 438-571, sheet

5974 111, Santiego Rodriguez sheet. : 000 654
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Factor Soil Units of Region ITI, Lover Massacre River Basin

1. Factor 1 and la soils are also foun% in this region, where they have
developed from materials similar to their counterparts in Regions I and IT,
Jn Region JII, héwever, towaré the west, because the elevation declines to
sea level and the surface relief diminishes, the profiles exhibit the effects
of imperfect drainage, While surface colors remain unalteged, the subsolil
- Yakes on a definite grayisb‘cast. In other aspects, factor 1 and la soil
groups are similar to their respective sites in Regions 1 and II. A reference
site for factor 1 may be obtained al coordinates 191735, sheet 587L I,
Dajabon sheet; a reference site for factor la is at coordinates 193-69l, sheel
587l 1, Dajabon sheet,
2, Factor 2 soils are found also in Region JTII developed on the westward
éxtension of the shallow limy materials found in Regions I and IX, The pro-
files here also tend to be shallow, medium-textured, and contain fragments
of 1limy rocks. A reference site may be found ét coordinates 152.760, shpet
587 I, Dajabon sheel, | |
3. TFactor 8 soils occupy a large area in Region III, on the piedmont
alluvial plain, These soils-Beér a similarity to the floodplain soils of
Regions I and II but have heavy surface textnres and are not subject to
active flooding, Subsoils are sandy and open but water often accumulates
on the surface, Colors grade from dark grey surface to a black subsurface.
A reference site is located at coordinates 161725, Sheet I, Dajabon,
4, Factor 5 soils are found in Region IIT in a floodplain area adjacent to
the Massacfe River and west of factor 8 soils. Though genevally similar to
the floodplain soils found in Regions I and II, these soils are heavier-
textured and suffer from very poor drainage. They are deep silty clays of a
dark gray brown color that grade into dark yollow brown with depth Banded

yellow brovm mottles are distinst. The soils-



‘are highly sticky'and plastic when wet. The pH is neutral to slightly
alkaline., Periodic flooding and a high fluctuating water table have
influenced the development of these soils. A reference site is located
at coordinates 125-715, sheet 5874 I, Dajabon sheet.

5. Factor 6 soils are shallow stony, coarse-textured upland soils developed
on igneous cr}étalline rocks. They are excssively drained and have low
plasticity and stickiness. These soils are acid, ranging in pH between
6.0 and 7.0. Theicolors of the surface soils are dark grayish brown -
while the subéoils are yellowish brown. A reference site is located at
coordinates 225-535, sheet 5874 II, Loma de Cabrera sheet.

There are two small areas of factor 7 soils located iy the region. No
samples fell within thesc’areas; Thexre is also a sméll area of factor &
soils in Region III. The soils hexe resemble their countexpart soils in
Region II, except that the red color is more subdued, the pH is a little
higher, and the subsoil is whiter in color. ' ce

The geographic distributions of the soils in faccor cnits are shown on
Plates 3a, b, and c. The composition of the factor soil units as described

by the nineteen soil variaBles used in the analysis is givea in Table 1.

1LAND SURFACE
A secOnd variable that affects the potential agricultural productivity
of different parts of the Linea Noroeste region is land surface. 'As
mentioned in the previous sections on soils, configuration of land surface
"also is an important soil-forming agent. 1In addition, it infiuences the
) microclimatic regime.
As expected, the land surface of the Linea Noroeste is'varied and reflects

“y

the geomorphic conditions prevailing in the area, The genesis of land surface



Table 1. Composition of Factor Soil Units, 19 Variables

6y

3

(L (2) (3) (4) (5) (7) (8 (10)
‘ Depth to Depth to .
¢gion and Texture of Texture of | Subsoil Hardrock Hardpan | Color of Surface Soil | Color of Sut
'actor Soil Unit Surface Soil | Subsoil centimeters | centimeters | present o
‘ntrada de Mao Lowland
Factor Unit 1 silty clay silty clay 22 - > 183 absent | dark grayish brown pale olive
“loam - o ‘
Factor Unit 2 sandy loam loam 8 . 20 " absent | grayish brown olive gray
'Factor Unit 3 sandy loam loamy sand 52 ) 183 absent | dark brown dark yellowi
H brown
Santiago Rodriguez
Ianer Lowland
Factor Unit 1 silty clay clay 60 » 183 "~ absent | dark yellowish brown light olive
\yFactor Unit la sandy loam clay loam 51 - >183 absent | dark brown strong brown
Factor Unit 2- siit»loam silt loam 8 35 absent | dark brown - " olive
Factor Unit 3 loamy sand loamy sand 12 > 183 absent { olive brown dark gray b:
Factor Unit 4 - silt loam sandy clay 30 > 183 absent | dark reddish brown yellowish b
loam
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Table 1 (cont.) Composition of Factor Soll Units, 19 Varlables (cont.)
(12) - (13) (14) (15) (16) an (18) - "(19)
pH of pH of Efferxrvescence Effervescence| Wet consistency *Wet consistency Drainage ~Stoniness
surface so0il | subsoil | of surface soil{ of subsoill of surface soil "of subsoil
8.0 8.0 strong violent sticky, élastic : veiy sticky  fmperfect | none .
; : very plastic , :
7.4 7.6 % strong strong slightly sticky slightly sticky | excessive frequent gr=
: slightly plastice slightly plastic scattered ir
; . profile
7.0 7.2 none none ‘sticky slightly sticky | well frequent gra
' slightly plastic : o -scattered in
- profile
7.0 7.8 strong violent very sticky very sticky imperfect | none
very plastic very plastic
\u 7.0 7.2 ‘none " slight sticky o sticky o imperfect | occasional g
. ' slightly plastic '| slightly plastic scattered in
7.2 ° 7.6 none none slightly sticky slightly sticky | somewhat | frequent peb’
slightly plastic slightly plastic | excessive | cobbles sgcat
' profile
7.2 6.8 _ none none slightly sticky slightly sticky poor occasional g-
: : gcettered in
7.0 7.0 none none sticky sticky exceésive frequent}cobi
slightly plastic plastic profile



Table 1 (cont.)

Composition of Factor Soil Units, 19

Variables (cont.)

&) (2) (3 (%) (5) (6) €)) (8) (9) - (10) (11)
R and "t Texture of Texture of | Depth to Depth to . : ‘
r Soil Unit Surface Soll| Subsoil Subsoil Hardrock Bardpan| Color of Surface Soil | Color of Subsoil
centimeters | centimeters| present ) : .
[} i
220 Rodriguez
aer Lowland
ctor Unit 6 sandy loam sandy loam| 41 79 absent | dark brown strong brown
stor Unit 7: | sandy clay vsahdy clay 34 > 183 absent |.dark reddish brown . yellowish brown
‘ g loam loam : . :
— l i
Massacre |
ver Basin '
| - i
ctor Unit 1 silty clay clay 61 > 183 i absent | brown dark gray
loam ‘
ctor Unit la | silt loam clay 47 F > 183 absent | very dark'grayish yellowish brown
- — - " brown
ctor’ Unit 2 silt loam silty clay 39 A-59 absent |dark brown yellowish. brown
: loam . ' '
cter Unit 3 silty clay loamy saﬁd 25 . > 183 absen;l very dark gray black
ctor Unit 4 - | silt loam cley loam 64 > 183 absent |dark brown very pale brown
cter Unit 5 clay silty clay " 25 > 183 absent |very dark grayish dark grayish brown
: ‘ brown ' .
A
cezor Unit 6 loamy sand loamy sand 18 60 absent |very dark grayish yellowish brown
) : brown :




»

Table 1 (completed)

it

Composition of Factor Soil.Units, 19 Variables (completed) =
(12) (13) (14) (15) (16) o.an (18) - (19)
pH of pH of Effervescence Effervescence! Wet consistenc& Wet consistency | Drainage Stoniness
surface soil| subsoil | of surface soll | of subsoil of surface soil | of subsoil
6.6 7.6 none none slightly sticky | sticky . well 6ccé§ional grave’
-slightly plastic| slightly plastic{ . cobbles in profi’
6.8 7.6 none none | sticky sticky well . occasional gravel
‘ : ‘ plastic slightly plastic cobbles in profi.
7.3 | 8.2 strong violent sticky very sticky imperfect | none
. ' : plastice very plastic
\\u 7.0 8.0 none slight sticky very sticky imperfect occasional grave
slightly plastic| very plastie : in profile
7.8 7.8 strong “wyiolent slightly sticky | very sticky imperfect none
~ slightly plastic| plastic
7.0 7.2 ‘mone none very sticky slightly sticky . poor none
- plastic - -
6.4 - 7.8 none none siightly sticky | sticky dmperfect | frequent peSble;
’ slightly plastic! plastic . cobbles in prof:
7.0 7.2 none _none very sticky very sticky poor none ’
‘ - .} very plastic very .plastic
6.0 6.4 none none slightly sticky { slightly sticky | somewhat frequent pebble
. excessive cobbles in prof
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features expresses the interaction ofxseveral forces., These are (1)

initial relief or dififerences in elevétion that are the resqlt of

" internal earth pressures, Such differences permit the operation of‘

gravity to move downslope loose mate;ial from one location to another,

water being the chief agent of tranﬁportation. Elevatioﬁ ranges from

290 meters to seallevel, giving a velief in the order of 290 meters.

(2) The resistivity to’wéathering and erosion of the rock materials

* exposed.at the surface under the prevailing climate; It is clear from

the earliex diséuésion on "Surface Morphology and Geology' and the tree
diagfams that a vafiety of materials at contrasting elevations exist in

éhe Linea Noroeste. 'These materials range from complex i§néous and

- metémorphic crystalline rocks to variously cemented limestones, silt-
stones, sandstqnes, conglomerates, and unconsolidated alluvial sediments.
Each weathers in a unique manner and is aséoéiated with a peculiar set qf
land surface features. (3) The influences on land surface of both relief
and lithology are partiaily dependent upon climate, The weathering re-
actions of rocks respond differently to precipitation and temperature.

High relief provides the-slopes and steep gradients for streams'and rivulets
to acquire sufficient enexrgy to carry Veathered material in suspension. But
rainfall is equally essential to furnish water éo disaggregate consolidated
material, and to act as a transporting agent. Total rainfall and storm
intensitj are the important climatic elements in the Linea Noroeste region.
(4) In a landscape occupiéd by man as long as the Linea Noroeste region with
the peculiar system of slash and burn shifting agriculture (Tumba), it is
likely that man-induced or accelerated erosion has had an important impact

on land surfaca., A geomorphic system initially in equilibrium among its
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elements of rocks, climate, and slopes has been seriously cdisturbed by the
removal of a protective natural vegetative cover, and the mechanical in-
fluences of farming. The net effect of these changes has been to shift
the equiliﬁrium in the diréction of greater erosion, which manifests it~
self in the removal of top'soil, deep gullying, and increased flooding and

deposition in the lowlands,

‘Field Methods and Data Analysis

) These forces and agents interact to pfoduce peculiar lagdscapes and
surface configurations of slope, local relief,'and channel forms in’a
complex euvironment Of‘land surface gvolution. It.is thi object of the
. study design to uncover and generalize the patterns, The sﬁrface of the
land can be disaggregated empirically into two sets of variables, wacro
;nd micro., The macrq—elements describe the broad terrain featurxes or
physiographic'units. The ﬁicro~e1ements describe the more localized surface
features with which the fafmer has to contend directly as hé tills theiland.
At each 100 équare-meter saﬁple site, data on elevatﬁon, relief, slope,
ruggedness, and soil erosion were taken and recorded on field sheets. The
" scored variables at each site were compared to those at évery othef.site to
set up un;fprm types whose geographic location could be shown on maps. The
. data were processed by a factor analysis machine program on an electronic
computer, and the output grouped as factor land surface units. .The land
surface units that are mapped and described are factor categories, not
surface features, But‘each factorlﬁnit is composed of a different proportion
of the land surface variables ﬁeasured'directly in the field. These variables
"load up" differently on eacﬁ factor and define its composition in terms of

the original field meé;hrements. ‘The land surface composition of a partiCular

2,
N
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~site is explained best by one factor, When all 595 sites are thus examined,
they cluster or group into factor categories., The site with the "elosest
fig“ to a factor is ﬁsed as ghe reference site and the variables contributing
to gach factor, together with their geographic distribution, reveals thg
patte?ns of land surface variation in the Lineca Noroeste.

All of the factors taken}togéther describe the COmpositidnal variation
for all the land surface saméles. ‘it was fOund, however, that three factors

were adequate to describe the system.

Factor Land Surface Units of Region I, Entrada de Mao Lowland

1, Factor 1 land surfaée ﬁnits are arégs ofilow relief,~16% ruggedness, and
. low slopes. Ruggedness scores are less than 5, which means that gullies

when present, are less than one-third metex deep, and that there are less
than five gullies per 100 meter. length of traverse., Associated with
these features are slopes less than three per cent, and a relief less than
two meters. | | | |

2, Factor 2 laﬁd surface units are areas of }dw relief; moderate ruggedness,
and slqpe. Rugggdness scores genéraliy are five and nine., This may be
interpreted to mean that one to five gullies usually are present, and that
they are likely to be one to five meters deep and steep-sided. Ignoring
height'differéﬁceé of the gully itsélf, the relief of the sample site is
generally less than two meters. Slopes in unit 2 rarely easily exceed
ten per cent.

3. Factor 3 land surface units are characterizgd by high ruggedness, ﬁigh
relief, and high‘élopes. These surfaces tend to be located at higher
elevations. Ruggedness scofés range Seﬁween five and fifteen. This means

that gully counts usﬁéily are five to ten“per 100 meter traverse, and gully
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depth is from fgve to ten meters. Relief wgthin the sampling sitelusually
ranges from three to twenty meters. The slope of the land surface in
factor 3 ranges from ten to sixty per cent.

Most of the Entrada de Mao Lowland lies within factor umnits 1 and 2,

The reader is cautioned to interpret these groupings broadly for within

the area mapped for each unit there are other types.

Factor Land Surface Units of Region II, Sautiago Rodriguez Inner Lowlénd
The descriptions used for the Entrada de Mao Lowland may be applied to
the Sa;tiago Rodriguez‘lnner Lowland. 1In this région, ﬁowever, no land
surface areé belonging to factor unit 3 has been delineated,. Henée, taken
‘ )

as a whole, the inner lowland has subdued land surface features. It is a

region of modest slope, relief, and ruggedness. Again, the reader is

.cautioned to take a broad view.

Féctor Land Surface Unifs of Region I1I, Lower.Massacre River Basin

All three land surface factor'gnits are found in this region, and the
description given in the discussion of the Entféda de"ﬂao iowland is
applicable here. The distiibutioﬁ of the factor land surface units within
the Lower Maésacre River.Basin is interesting. The area of high slope, relief,
and rﬁggedness, factor unit 3, océupies élmost all of the southern sector which
lies within the Céntral Cordillera. The northern half almos; entirely falls
within factor unit 1; low relief, slope, and ruggeéness, and ‘is associated '
with thé Piedmont Plains and the Massacre ﬁiver.floodplain.

Within any'major_unip, particularly units 2 and 3, there is likely to be

" : »
found representatives of all other types occupying small areas. The geographic -

~ distribution of the factor land surface unit areas are shown on Plates 4a, b, c.
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CLIMATE

The third majorvgroup of Qafiables that affects the potential aéricul-
tural productivity of the Linea Norbeste regioayis climate. : As used in this
~ report, climate has two aspects: maéroclimate, th;;general long-term weather
?atterns prevailing in the area; and @1croclimate, the localized climate
variations within the area that occur close to the ground. Although obviously
dependent on macro influence and forces, it is the micrxoclimate effects that
impingé directly on the plant. |

The macroclimatic regimeﬁ of the Linea Noroeste study area is controlled
by: (1) the complexity of terrain in the northvesLeln sector® of the Dominican
Republlc, (2) the troplcal conditions of the island's low latitudinal location}
and (3) the vaviability of the northeast Lrade winds which influence both the
air mass movement and the storm track of tyoplcal hurricanes. Molvture associ-
ated with the maritime tropical gulf.air masses‘and_the marit ime tropical
Atlantic air masses, is generally broﬁght in By the trade winds. When these
moist air masses encounter the hill and mountain slopes, orographic rain results.
Dry weather prevails where Lhe air is adiabatically heated by descent on the
lee sides of mountains., Durlng mid-September and Octooer, periodic weather
disturbances occur. These are either easterly waves of slowly moving troughs
of low pressure originating within the belt of tropical easterliés, or equatori-
al waves of weak low pressure inclusions forminé in the center of the equatorial
trough which develop into eddies in the tropical eastexlies.

The Linea Noroeste fegion has a wide variation in annual rainfall, ranging
from 507 mm. at Vilia Vasquez up to‘1,259‘mm. aﬁ Loma de Cabrera. The areas
that are situated on the northern side of ﬁhe valley réceivg much less rainfall,

because of their location in a rain shadow of the east-west trending mountains
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lying to the north.’ The areas situated.on the‘southern side of the Qalley
receive considerably more rainfall due to orographic lifting. These
differences in the amount of rainfall are showu in Figure 4. The annﬁal
distribution of precipitation is bi-modal, with the two wettest periods
‘occufring during the months of May-to-June and'September-to-early November.
The winter months from December until March aré the,drieét in the study
area, |

The annual range in temperaturevin the study a;ea is small. Average
July Cempérature 1s 27.5° C., while the average Janua;y temperature is
©22.2° C¢. These constant high values throughout the yeax do not restrict
the length of grewing season; however, the high temperature ywalues do have
a.direct bearing upon water loss by evapotranspiraCioﬁ;

The annual march of temperature within’che sgudy arca is fairly counstant.
The largest annual rango in.temperature is 5.6° C. which occurs‘ac Villa
Vnéquoz. The constaht high temperatures, in conjunction with the anuual rain-
fall distribution, permit three distinct growing,porio@s: the first from
" January through April; the second frdm May through August; and the third from
September through Dacember . While.thé intensity of solar radiation does not
impose a directvlimiting restraint upon crop response, its effects updn the
rate of evapotragspiration and availability. of sofl moisture are significant
at the microcliwmatic level, Hence, attegtion was directed to soil moist;re as

the key wmicroclimatic paramatar,

Mothods and Data Aunalysis
In oxder to detexmine the variations in available soil moisture in the
reglon and to utiline this information to set up elimate areas, the totdl

annual precipitation measuted in willimetexs fixst was averaged over the
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nunber of yeaxs of observation for ten uniformly distributed meéeorological";
gtations, occﬁrring both within.the study arxea and along the periphery.%
Isohyet lines Qeré drawn about these stations to conform with those for all
of the bpminican Republiec, which were published by the Serviciogneteorolégico
Nacional., The procfpitation.va;ppsvfor‘each sampling site werejread directly
from the'synthetic jsohyet maP;.‘Next, the available soil ﬁoisture for plants
was calculaﬁed thedretically in cﬁe following manner, A.prograp for the'IBM
7094\digital computez.wns:used-to calculate the monthly water ﬁﬁdgec for’any

X 2. Ae
station in the norghcrn hemisphere using a modified Thornthwaite methogf/béhh ‘
computations are similar to those deséribed’by Tbornthwaite anq Mather (Labora-

tory of Climatology, Centreton, Newy Jexsey, U.S,A., 1957). ‘Mean monthly .

temperature and precipitation values, station 1atitudeé, elevaéion, and water-

}
I

holding capacity of the soil were used as input data, : : :

The Thornthwaite method defines & relationship betwen actual evapo-

- transpivation and potential evapotryanspiration. Evapotranspirhtion {s the

combinad vaporization of water from tha goil, from free water purfgces on the
s80oil, or from the plant through special cells aftér béing absorbed by the foots.
The potential evapotrﬁnspixation is the amount of water that would be vaporized
ifywater is non-limiting; that is, sufficient water always isgavailable to
satisfy tha bilo-climatic cnﬁacity to vaporize water. The ncténl evapo=
transpiration is thae amount of water chat'actually is vaporizéq under field

conditions. Whonavor tha actual 4is lees than the potantinl, a woisturae

+

4

daficioncy axinta that cuxtaile plant growth., The ratardative effect of the

dalicioncy dapando on its soverity and the length of time the condition

{
v
L]

pe——y .

3

Y% Tha stations used wdra Dnjnbon? Lowa de Cabrera, Yoncion, Monte Crintci,
Pepillo Salced&, Santiago, Santiago Rodriguez, San Jose de Las Matnsj

Valverde, end Villa Vasquez,

T s tmsen oy
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prevails.. All the moisture that is cvapottanspi;ed comes from precipi-
tation, bUt.the.portion that passes tﬁrough the plant reaches it via the
.soil. Sails vary in their available moisture storage capacities, largely
because of differences in depth and texture. During periods of low rain-
fall, the stored available soil moisture is drawn upon to close the gap
between potential and actual evapotfanspiration. For a time this prevents

the appearance of a moisture deficit. As the stored soil moisture declines,
it becomes increasingly Lnavailéble to the plént, and the difference between
the»ébtuél and potential evapotramspiration widens. UltimateiQ, the moisture
content of the soil may reach the wiiting poinﬁ and the plant dies. It is
the objective of the Thornthwaite method to trace the ratid between actual
and poteptial evaﬁotranspiration on an annual, seasonai, or monthly basis.
JFigufe 4 shows these relationships graphically for selected stations by
cliﬁographs.
The soil moisture held in sto;age within the root zone was calculated
for various combinations of dlfferent textural and depth classes of soils,
i and for various depths of the plant roots for the ten meteorological staLionsX
¢ of the study area., The theoretical values for available soil moisture held '%
in storage were then converted to per cent of maximﬁm available moistuxe for
plants during each of the three growing periods. This gave a relative measure
of the available water in the.plﬁnt root zone coﬁpared with the maiimum hold-
ing capacity of the éoil. | |
Thiessgp poiygons were constructed around thé meteorological stations to
6ut1ine the extent pfjthg}area contfolled by each statibn. By superi?posing
the po;ygon grid over a map showing the location of the sampling sites, with

known soil texture and depth classes, it was possible to determine the theo-

retical soil moisture value for any sampling point in the study area.
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At each sample site, data were available on the following macro- and
micréélimate variables: (1) total annual precipitation; (2) average soil
moisture for the yéar; and (3) soil moisture in per cent of maximum avail-
able moisture during each of the three growing periods. A factor analysis
. machine program processed these five variablég for the 595 sample gites in
order to discover the underlying factor-geographic patterns. The results
of the analysis show that five factors are.adequate to describe the vari-
ations in climate as mgasured by the five variables'at each sample site.
Since given sample sites fitted more closely to one factor than to any
other, climatic boundaries were drawn to subdivide‘the Li?ea Noroeste region.
. The areas that.have been delineate§ are factor climatic’ units each composed
of the climate variables which have '"loaded up" on the factor and describe

its composition., The factor climatic units are given below for the whole

study area.

Factor Climatic Units of the Linea Noroeste Region

1.” Factor ﬁnit 1: Dry throughout the Year
This unit ;s located.aloﬁg the northern part of the Entrada de Mao Low-
land, The annuél fainfall is sporadic'and.ranges frOm’BOO to 920 milli-
neters. The‘constant high temperatures cause the potenéial-evapotranspiration
to éxceed frecipitatiOn duriné all months of the year. Tﬁe soil moisture in |
‘storage in the plant root zone is close to the wilting pointclevel. On the
average, the water deficit ranges.ffom 95 to 100 per cen;.of the water-
‘hoiding capacity of the soil.
2., Factor Unit la: Dry Eleven Months of the Year

This unit occurs in the northern part of the Lower Massacre River Basin,

centexred on Pepillo Salcedo. The total annual precipitation ranges from
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1050 to_1150 millimeters., The rainfall is well below the potential-
evapotranséiration level fpr eieven months of the year. This is an
area of high water deficit where the éoil moisture ranges from the
wilting point to approximately 10 per cent of waﬁer~h;1ding capacity
of the soil. |

3. Factof Unit 2: 'Two Méist Periods
This unit covers most of the Santiago Rodriguez Inner Lowland and
extends into the Entrada de Mao Lowland. The total annual precipi-
;gtidn ranges as high és 1000 to 1120 willimeters; however, it is
highlf seasonal, Two distinct moist periods occdr when the precipi-
tation exceeds potential evapotfanspiration.A The sec;nd growing
séason which occurs from May until August is the wettest season. The
s0il moisture in storage in the plant root zone during this period is
on the avérage at 60 per cent‘of {ts maximum available level. ﬁuring
the third and first growing séasons, which océur from September until
April, the Soil moisture is about 18 per cent of thé maximum soil-
holding capacity. |

4. Factor ﬁnit 3: One or Two Intermittent Moist Pexiods
This unit occurs in'tﬁe western part of Santiago Rodriguez Inner Lowland
and extends across the central part of the Lower Massacre River Basin.
In thé area centered on Dajabon, the total annual precipitation ranges
from 1250 to 1400 millimeters. vMoét of the precipitation falls in two
periods, from mid-May through June and also duringh0ctober and November.
The availability of soil moisture increases from north to south. During
the wettest growing seaSOn; the soil moisture in storage is from 45 to
50 pexr cent of field capacity. It declines to 8 to 12 per cent during the

dry periods.

R T
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- 5, Factor Unit 4: Wet throughout the Year
This unit is located in .the southern part of the Lower Massacre River
Basin, The total annual'precipitation varies from 1700 to 2100 milli-
liters of rain per year. Much of this rainfall is ogographic due to
the higher elevation. A moisture deficit does not occur during all
threeAgrowing seasons., The available soil moisture drops to 78 per
cent in areas having find saudy soils during tﬁe_firsé growing seasons
and ihéreases to field capacity during the second andtthird growing
seasons, | |
The factqr descriptions should be interpreted conserzafive}y; that is,
'the statements of moisture content Qhould read as 'on the average.'" For
even where severe moisture déficits are shown, plant life exists and farm-
ing is carried on during the wet season, tﬁouéh it is hazardous and of low
productivity. The geographic distribution of the‘factor climate unit areas

'

are shown on Plates 5a, b, c.
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MULTIVARIATE AREAS OF UNIFORM AGRICULTURAL POTENTIAL

In the previous chapter, three types of ;epargte éreés have been
developed independently.through the use of factor analysis. Eight factor
units were discovered and mapped for the soils of the Linea Noroeste
region, three for land surface, and fiv; for climate, However, in nature,
soil; land surface, and climate associate in space as components of the
natural enviroument affecting the potential agricultural aetivity. More-
6ver, the use of land for agriculture does not involve the variables
, .seéarately or even sequentialiy, buﬁ jointly and concugrently. The farmer,
as he cultivates the land, is confronted holistically by all of thénécting
and interacting simultancously.

From the utilitarian view pdint the quesFiOn is, how many agricultﬁral-
ly sigﬁificant environmenta} étates, composed of combinations of thg three
variables, can be identified iﬁ'the Linea Noroeste region? In other words,
how caﬁ the landscape of the region be classified into uniés of agricultural
potential, by type, and geographic locétionY ‘Given the three variables,
soil, land surface, and climate, and the factors for each, it is possible to
have a theoretical maximum of 120 landscape types in the Linea Noxoeste region.*

Not all of these, however, will be found in.the field because nature is

* This is computed from the rule for multiplying probabilities. Given eight
soil factors, three land surface factors, and five climatic factors, the
probability of any three in combinations, or the simultaneous happening of
three events, is 1/8 x 1/3 x 1/5 = 1/120; that is, the total possible number
of combinations is 120,
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not a simple mathematical system, or because the region does not exhaust
all the possibilities. For example, it would bé.véry unusual to find
poorly drained soils subject €o flooding on a steep and rugged land sur-
face. Thus, the classification task is simplexr than appe;rs at first

glance.

Method of Formation
A map of the simultancous geographic occurrence of the three variables
in the Linea Noroeste region was prepared by overlaying the separate factor

maps for soil, land surface, and climate on each other and tracing the

-

variate factor map of landscape types, Each delineated area represents the :
peculiar joint occurrence of soil, land suxface, and climate according to

the factor groupings of each., The separate factors, it will be recalled,

.

are composed of the different variable loadings that have been used to

describe them., These tie the system of analysis to field reality,

'The multivariate factor 1ands¢ape type map was simplified and trans-
formed into a map of areas of uniform agricultural potential by rating each
factor unit for each variable according to its comstraining effect on farm-
ing. Because of—the semi-reconnaissance level of‘the study, and the limited
agronomic information available to the invéstigators, the map is somewhat
generalized. The factor rankings are subjective. Hence, the @ap is intended
to serve as a guide to the location ofvareas of varying agricultural potential
in the Linea Noroeste region; especially‘to those that merit more intensive

8 tudy .
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Ranking of Areas
The ratings of each factor unit for soil, land surface, and climate,
together with a description of the factor are given in Table 2, Three

ranks are used for each factor; to go much beyond that number would have

extended the wxiters' present knowledge in an unwarranted mannexr. As

indicatedlabove, the agricultural ranking of the factor units for the

variables further simplified the raw data and transformed them'into a

form fhat was wore useful to planners. Thus, fof example, eight soil
factor uniés are ﬁollapsed ints three rank classes; five climate factor
units are coliapsed into three rénk'classes; and three 1an§ surface factors
are retained as tbreehfankAclasses.. |

In this manner the multivariate factor landscape type areas were con-

verted into areas of uniform agricultural potential., Plates 6a, b, c shows

- their geographic distribution. Each delimited area is marked with a three-

digit symbol giving the rank of that area for the agficultural potentiai of

its soil, land surface, and climate. The symbol order is Soil - Land Surface -

Climate, Since the agricultural productivity of an area depeunds upon the

"simultaneous use of all three variables, any one may be limiting. The

potential of an area is determined by its poorest-quality variable. In order
to identify the variable property that is responsible for a particular rank
score, it is necessary to work back from the variable to the factor unit and

the factor description or '"loading.'" The decision is left to the economic

-planner whether or not to mitigate the constraining attribute.

In general, it can be said that an area with a rank score of "3" for any
variable is an area of low agricultural potential, unless the appropriate in-

vestment is made to remove the limiting aspect of nature. Once a decision has



Table, 2 ' FAGTOR RANKS
{ SOIL | » |
' . ' ' Factor Rank Score
Factor Unit : Factor Description (1 = most favorable)
1 deep, fine-textured, plastic alkaline soils 1
la ‘ deep, fine-textured, plastic moderately , 1

alkaline soils

2 shallow, stony, fine-textured soils less Lhan 3
183 centiwmeters deep

3 K medium~ to coarse-textured, deep alluvial 3a
' floodplain soils subject to flooding

4 ] neutral-mediun to coarse-textured, excessively 2
drained upland soils '

5 deep, heavy-textured alluvial floodplain soils ‘ 3a
subject to flooding N
6 slightly acid, coarse-textured, shallow u@land 3
- soils '
7 neutral, medium-textured, shallow upland soils 2

with heavy subsoils

P
7!

s
LT

- 3 Gtk csan Jo Arow AN T A AT, i Jia = alluvial soil requir-
‘ LAND SURFACE ing drainage and f£lood
. protection)
1 ‘ level land surfaces of low relief, low rugged- 1
ness, and low slope
2 undulating laad .surfaces of low relief and 2
moderate ruggedness and slope
3 hilly land surfaces of hlgh relief, hlgh rugged- 3
ness, and high slope .
CLIMATE
. 1 ‘ climate dry throughout the year 3
la climate dry eleven months of the year . ' 3
2 wet-dry climate with two definite moist periods 2
( 3 ‘ wet~dry climate with one or two intermittent ) 2
moist periods
4 wet climate moist throughout the year 1

I
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been made to do this, the agricultural potential may be altered drastically.
When the investment has been accomplished, and the necessary installations
maintained adequately, productivity may be increased. A clear example of

this pertains to the unprotected alluvial floodplain areas which have a

favorable land surface but unfavorable climate and s0ils in their natural

states, The soils of these sites have been accorded a score of "3", with

a subscript "a" to indic;te their high agriculturél potential if diked,
drained, and irrigated. Such areas are ampné the most productive presently
farméd in the Liﬁea Noroeéte region.

There are virxtually no natural limitations on agricultural use
' )

‘encountered in the study area that human ingenuity and engineering skill

cannot mitigate. It is the payoffs from the investments that differ. Net

- returns will depend on conditions prevailing at a particular place at a

particular time. ALL the difficulties of 1and surface, soil, and climate

réSponsible for the downgrading ‘of areas in the region already have been

overcome, either in the area itself or elsewhere in the world. Of nature's

resistances to agriculture in the Linea Noroeste, the ones that appear to
give the greatest returns to amelio?ating investments‘are aridity and flood-
ing. Irrigation and flood control are the complementary';echniques. Diffi-~
culties of soil (physical, chemical, depth) and difficulﬁies of land sﬁrface
(slope, ruggedness, relief, erosion) appear to offer unecon@mic investments, .
The geographic location and areal extent of the different landscape
units are shown on Plates 6a, b, ¢, Multivariate Land Units, Soils ranked
"1", first digit, are rtgarded as the best soils in their natural state.
They.are deep and fine-téxtured. However, one reservation the writers'have

that could not be checked, because of the unavailability of laboratory
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facilities to make chemical analyses, is the possibility that some of the

s0i.1s may be saline or alkali soils, because of the many pH determinations

around 8.0. The content of soluble salts or the degree of alkalinity may
be high enough to interfere with the growth of crop planté. Neithexr can
we comment on the fertility status of these or any other soils. Also,
these and many other uplaﬁd soils show evidence of serious soil erosion,
evén though they have been farmed intermittently tﬁrough the years, and
presently are covered by a dense vegetative cover;

'Even if the ﬁoubts about thé rank "1" soils were waived and their

associatiOn with favorable land surface features aésumed, serious limitations
: . o Y :
of climate would restrict their use. They are found associated with a
climate that is dry virtuallyrthr0ugh§ut the jear, rank "3", .The ma jor
environmental constraint to higher producti@iiy is.the moisture deficit.,

Large areas of soils ranked "3a" are also shown on Plates 6a, b, ¢

associated with a level land surface, rank '1",.and dry or wet-dry climates,

ranks "2" and "2". These are sites with deep recent alluvial soils with poor

drainage that are subject to stream flooding. Flood protection, drainage,

~and irrigation, developed concurrently make these areas highly productive by .

overcoming soil and climatic limitations.

The remaining areas have qualities that are seriously deficient in one
or more of the environmental variables. Many‘of the soils are shallowvand
stony, rank "3"; much of the land surface is hilly, rank '"3"; and tﬁe climate,
is frequently wet-dry or dry, ranks "2" and "3", Where one variable is
favorable, the others usually are severely restrictive, so that the potential
productivity of the area is low. For example, deep neutral upland soiis,

rank "2", are found with wet-dry.to wet climates, ranks "2'" and "1", but they
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are associated typically with a hilly lahd sprface, raﬁ-: n3n,  The erosion
haZard is high and potential productivity is low, Terraces, bench terracing,
contour farming, mineral fertilizer, and pasture management are practices

. N\
employed elsewhere that may make it possible to farm these areas more eff.
iciently. Bub they are not widespread, or may be uneconomic, in the Linea
Noroeste region,
| Areas of we“o climate, moist throughout the year, rank "1", are
assooiatéd with hilly land surfaces, rank "3", ‘and shallow upland soils s
ranks "2" and “3", It seems best to utilize these areas for the production
of water, wood products, and tree crops, Vhile maintaining the land in
forest, stream flow would be regularized, flooding curbed, dam and cansl
siltation reduced, and aquifers recharged,

The areas of egricultural pvo’oential that have been de]imi,te-d on
Plates 6a, b, ¢ include subareas of cont're.'sting features, Alluvizl soils
and level surfaces are s;::a‘otered throughout ell‘re;giohs. The uplands, gen-
erally characterized as hilly, contain unduléting and level surfaces,’
Shallow soil units encompass deep soils and vice versa. .In totai s these
anamolies add significently to the overall potential agricuwltwral producti-
vity of the linea Noroeste region, This stuciy can do no mor"e.a than suggest 1
their pfesénce and c2ll attention to their ixﬁporta.nce.

The geographic information on the ranked multivariate environ.
mental factor land units are statistically sumarized in Table 3 for eech
region separé.tely and for the entire study area, The comparison of the Jand
units applies only to the Linea Noroeste region, Scvenbeen differcnt ranked

land units are identified in the table and the approximate avea of each is

given, Table | is a general compobite swmary for the entire study area,
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Pable 3 RANKED MULTIVARIATE EXVIRONMENTAL FACTOR JAND UNITS

Symbol

1-1-2

1~2g12

1-2-3

1-3-2

=33

3~1-2

3.2-2

3-2-3

3-3-2

333

3a~l-2

" 3a-1-3

\
RIGION I

Description

deep silty alkaline soils on
level land surfaces with wet-
dry clinate

deep siluy alkaiine solls on
undulating land surfaces with
web-dry climate

deep silty alkaline soils on
wndulating land surfaces with
dry climate

deep silty alkaline soils on
hilly land surfaces with wet~
dory climate

deep silty alkaline soiis on
hilly lend surfaces with dry
climate

shallow soils on level land
surfaces vith wet-dry clinate

shallow soils on unduléting
land surfaces with web-dry
clinate

shallow soils on undulating
Jand surfaces with dry
clinate :

ehallow soils on hilly land
surfaces vwith wet-dry cli-
mate ‘

<hallow soils on hilly lend
with dry climate

alluvial soils on level land
surface with wet-dry climate

2luvial soils on level land
surface with dry climato

Constraint
L ]
noisture deficit and
possible soil alkali-
nity .

moisture deficit and
possible soil alkali~
nity '

high moisture deficit
and possible soil
alkadinity

noisture deficit, slope,
and possible so0il alkali-
nity

high moisture deficht,
slope, and possible soil
alkalinity

moi sture deficit, soil
depth

moisture deficit, soil
depth '

high moisture deficit,
soil depth

noisture deficit, slope,
soil depth

high moisture deficit,
slope, soil depth

roisture deficit,
flooding

high moisture deficit,
flooding

Area, sq. ki,

15
28

13

17

18

~

10

N

125.5




Pable 3 RANKED MULTIVARJATE ENVIROMMENTAL FACTOR JARD UNITS

Synbol

1-'1»2

1-2-2
2~2~g
.3~1»2
| 3?..1..2

Total

b

Ko

REGION JI

.Description

deep loamy soils on level land
surfaces with wet-dry climabe

deep loamy soils on undulating
Jand surfaces with wet~dry

climate
i

rrfedium textured shallow to deep .

soils on wdulating land sur-
aces with wete-dvy climate

shallow loany soils on level
J.and surfaces with wel-dcy
climate

deep sandy alluvial soils on
level land surfaces with wet-
dry climate

Constraint

mod.sture deficit

moisture deficit
{

!
moisture deficit

moisture deficit,
soil depth ’

noigture deficit ,
flooding

Area, sq, ku.
N

78
169
20
12
36

315
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Table 3 RANKED HULTIVARIATF ENVIROM{ENTAL FAGTOR LAUD UNITS

|

REGION IIL
Symbol ' Description

1-1-3 deep silty alkaline soils on
level land surfaces wvith dry
climate

1-2-2 deep silty alkaline soils on
undulating land surfaces with
wel-dry climate

2.1+2 mediun textured shallow to
deep soils on level land sure
f?cos with welt-dry climate

. 2-2.2" mediwn textured shallow to
deep soils on wndulating land
surfaces with wet-dry climate

3=1-3 shallow s0ils on level land
surfaces with dry climate

3-2—2' shalloir soils on undulating
land suwrfaces with wet.dry
climate

3~2-3 shallow soils on undwlating
land surfaces with dry
climate '

3~3-1 shallow soils on hillyllénd
surfaces with wet climate

3=3-2 shallow soils on hilly land
surfaces with wet.dry
c¢linate

3a-1-2 decp heavy alluvial soils on
level land surfaces with wet-
dry climate :

3a~l-3 dzep heavy alluvial soils on
Jevel land surfaces with dry
climate ‘

Total

Constraint Area, sq, km,

high moisture de -
ficit and possible.
s0il alkalinity
moisture deficit and
possible soil alkali~
nity

moisture deflicit, soil
drainage

noisture deficit

high moistuve defiait,
soil depth

moisture deficit, soil.

_ depth -

high moisture deficit,
so0il depth . .

slope; coil depth

moisture deficit, steep
slope, soil depth

moisture deficit, flood-

ing

high moistvre deficit,
flooding

20

3L

1

la

12

12

169
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Table | - GENERAL SUMIARY OF LAND QUALLTY
Description ' : Area, sq. km,
1. Good so0ils, good land surface, poor moisture _ 93
2, Good soils, good land surface, very dry ) 15
3e Good soils, medium land surface, poor moisture . '\217
L. Good s0ils, medium land surface, very dry 13
5e Good soils, poor land surface, poor moisture ' 8
6, Good soils, poor land surface, very dry . CAT
Te Falr soils, good land surface, poor moisture 3l
8, Fair soils, medium land surface, poor moisture 22
7o Very poor soils, good land surface, poor meisture 1L
10, Very poor soils, good land surface, very dry 9
11, Very poor soils, good land surlace, poor moisture 26
22, . Very poor soils, good land surface, very dry I
13, Poor soils, poor land surface, good moisture ‘ ‘ b1
1l Very poor soils, poor land surface, poor moisture 22
15, Very poor soils, poor land surface, very dry 2
16, Very good alluvial soils (if flood protected), goodyland
' - surface, poor meisture ‘ 52
1. Very good alluvial soils (if flood protected), good land
surface, very dry 10
18, Peripheral areas not suited for cultivation - 200
19, Poor and very poor soils 119
20, Alluwvial soils requiring fleod protection : 62
21, Steeply sloping land surfaces S 65
22, Dry and very dry aveas A 507
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CONCLUSIONS AND RECOMMENDATIONS

The classifiqatiOn of land écéording to its potential Agricultural
productivity is, part science ané part art., The science counsists of an
examination and evaluation of the natural environ&ental parameteré that
affect the behavior of ecosystems, The art consists in making intuitive
judgments about the‘separaée and joint influences of the parameters on
the biologic productiyity of altered or new agricultural systems. There
. are as many potential, use~-capability, or.recommended cléEses for a
sbécific area as there are possible crops and methods for producing crops.
Productivity estimates based on actual production thathave been recorded
-for an area, or iﬁferences ﬁrom'similér areas, do not give the full range
of potential for the ared undef>stﬁdy, because they neglect new methods
and systems.l Indeed, to rule out innovation is, in one sense, to defeat
_the object éf studying the agricultural poéential of an area, i

In asséssing the ag;icultural potential of the separate areas of the
Lines Noroeste region, the writers have been éuided by the ecological
pfinciple.that each subarea is a site reflecting the integration of all
‘landscape features. Land is a complex of many characteristics, ﬁore or
less interdependently related. When man and his schemes are inﬁroduced
into the system, the interdependency may be altered and disturbed, some-
times éfitically, but in vo way is it bypassed.

The three features significant in the growth of plants that have been

stressed in this study-ave soil, land surface, and climate. The soil affects
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the supbiy of nutrients and moisture to plants, and provides support for
roots. The'land surface affects cultural operations, erodibility, and
drainage through 810pe,‘fe1ief, configuration, and stoniness. The climate
supplies the plant with'light and heat energy, rainfall, carbon dioxide,
nitrogen, and affects the mojsture balance. - |

Despite the sounduness of this approaéh, the tepért does not make a
final assessment of.the agricultural potential of the Linea Noroeste
région.‘ Instead, it directs attention to the naturél parameters that must
be considered in such an effort. Nor is it possible to evaluate them
definitively. The reason for this is that social, economic, and technologic
. conditions that have influenced the use of the 1and¥in thd pasg, and are
likely to affgct its use in the foreseeable future, have nbt been considered
explicitly. The present and potentiai pfonctivity of land would need to be
evaluated for various crops under various metﬁods of management.and under
various economic conditions, Without knowledge of yield response, cost-price
relationships, developmental fnvestment costs,faﬁd farm 6rganization, it is
noﬁ possible to designate the potential of areas. |

Profi;s from changeé in farming systems are determined by, (1) yield
increases.from varioué crops, (2) prices received from such crops, (3) the
cost of.apblyiﬁg the new methods; and (4) all'other costs associated with
‘the new system of production. Reliable data often are Hot available on
changes in input costs and output prices. Nor are the cost-price relation-
ships known that will prevail in the future. Because of this lack of
knowledge, the evaluation of the potential of different areas must be based
on the best judgment of the observer, considering the suitability of éhe

.

soil for various crops,uthé productivity response of the site to new crops
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and methods, and the presence or absence of such limitations as poor
drainage, high slope, and shallow profile. However, even if such
information is not available, it is still possiele to make "edueated"
statements about the ranking of various areas, and say that under
most coneitions‘and fo; mest crops some areas are more likely to yield
a profit from a particular innovation (as ixrigation) thaﬁ others.,
This has been done. |

* Another economic consideration that has been ignored is geographic
location in relation to markets, transport routes, and general accessibility.
_ These factors are extremely important in the evaluation of the potential.
It seemed desirable, howeve;, to exelude them in ofﬁer to avoid confusing
inherent site factors with external iufluences affecting the degree to
which the site cen be developed economically.

The basic assunmption of the educated judgment foliowed in reasoning
that some areas are likelyAto yieldhgreaeer.returns than others from given
inputs is that the best is likely to remain so. That is, the better site
probably will yield a greater eet feturn from ; given investment than a
poorer site, even though both are likely to be profltable. A poor 5011 may
be made fair or even good with irrigation, but . net galns probably will be
' greater from making better soils even more productive with irrigatxen, There
are, of course, exceptions to this assumption that depend on the nature of
the constraint, aed the planner needs to be alerted. The response of poorly
drained alluvial soils to flood protection ie an illustratien. Another
factor that may be siéeificent to the evaluation is the recognitionvof joint
economies and extended benefits from certain investmeﬁts.

This report has uncovered and preeented a substantial amount of infor-

mation on the physical geography of the Linea Noroeste region that is
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'eqsential'to the assessment of its agricultural potential. Because of
the semi—recoﬁnaissance informational level, the report is ﬁot intended
as a project planning or feasibility étudy. Nonetheless, the writers
conclude with the-following specific recommendations.

1. That the deep, fine-textured silt‘soils-of the undulating low-
landé (féctor 1 and la soils) be examined moxe closely. There are large
areas of favorable land sucface idle in this area presently covered with
a dense thorn thiéket vegetation., Photo VI-1 shows an overview of the
area and Photo VI-2 gives an interior view showihg thebfqrbidding vege-
_ﬁatioﬁ. On the other hand, Photo VI-3 sho&s an open clearing recently
farmed, and Photo VI-4 shows a commerc;al §isa1‘crob'adjacént to a thorn
thicket foregt in the backgréund. The illustfations show that the simple
appearancevof the land may be misleading. In some places the soil has
suffered from erosion while elsewhere it may contain an indurated lens of
siltstone, as shown by Photos VI-5 and VI-6. The soils also tend to be |
highly alkaline, and this feature should be investigated. The avaiiability
of water for irrigation should be éxplored. |

2. That all alluvial sites should be studied and mapped more thorough-
1y and considered for £lood protection, drainage, and irrigation. Specifi-
'caliy; éhe unused portibn of the floodplain of the Lower Massacre River, and
the smaller dispersed alluvial sités in the undylating loﬁlands merit further
_detailed study.

3. Thaﬁ the upland hilly areas be mapped in greater detail in oxder to
idéntify, locate, and evaluate tﬁe level areas of faQorablg soil included

within them. Photo VI-7 shows a likely site.
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5 Photo VI-2, Danse, thowxn thicket covex.

Photo VIi-1, Overview

£

.

Photo VI-4, Sisal crop; note thora

Photo ViI-3, Recently abandoned field.
thicket in rear midground.

PhOCOS .Vi"l, 2, 3, 4

' , Viewsof the undulaeting lowlands, showing contraste |
ing uses and misleading landscape impressions of _ o

_agricultural‘ppteutial.

Ca Ay
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Photo VI-5, Erosion aud compaction of silty soil.

L,

Photo VI-6, Indurated léns of siltstone.

" Photos VI-5, 6

Two soil limitaticns on the silts of
the undulating lowlands. , .

i
i
t




Photo VI-7, Level area within complex crystalline hills.

- ,
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4. That upland areas of steep slopes be identi?ied with a view to f?k-
ing them out of crop pro@uctioﬁ. Consideration should be given to a re-
foFestation program and the care of ;he watersheds for the production of
- wateyr under cohditiéns that would reduce floéd hazard and siitation. The
‘farming of slopes of 60 per cent and higher, as shown in the background of
PhotoVIf8,requires large labor inputs and yield meager returns, while caus-
ing diseconomies at lowex elevations. This labor is available at a low
.opportﬁpity cost, and an effort should be made to shift it to.the more pro-
ductive agricultural areas as they a;e'opcned; or the people may be transferred
out of agriculture., However, the programming of these changes should be
acéomplished so as to minimize social;and econoﬁic dislﬁcation.

5. That the soil samples.collected by our field party bé analyzed to
obtain more complete 1nformati$n that may be ;seful in the evaluation of the
study area. |

While the report has uncovéred much informat{On‘oﬁ the natural environ-
mental factors affecting potenﬁial,agriculturai productivity within the Linea
Noroeste region, it does not‘claim'td brovide a definitive answer to the
Question, what is the agricultural potential of the region? Indeed, it possibly
raises more questions than it answers. This should come as no surprise becaﬁse
it is a first effort to systematically present the physical geograﬁhy of a long-
éettled under-utilized arca., The report does make a logical start toward the

’

research required to answer the question implied in the title.
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APPENDIX I. - REVIEW OF PREVIOUS RESEARCH AND GEOLOGIC LITERATURE

ﬁumeroué scientists have focused their attention on the Cibao Valley
region and have studied the‘fich molluscan loecalities of Miocene ége cia
the Yaque del Norte River and its tributaries, the Mao, Gurabo, Amina, and
Cana (éhapetOn). The igneous and metamorphic rocks of the central mountain
range, bearing varying amounts of iron, copper, nickel, and gold, have been
nined since the pre-Columbian period. However, no large-scale surface geo-
logical or morphological maps of the ‘area have been published. The most
detailed studies found in a search of the literature deal With the Miocene
formations. |

T.S. Heneken (1853) published a brief geologlc description of a portion
of our study regions and listed fossil faunas w1th1n the Cibao. The reports
of Gabb (1871, 1872, 1873, 1881) are comprehensive descriptive works on the
'geology of thé'countfy, but are mainly of histbrical interest, Maury's
studies (1917, 1918, 1919) provide the very basis fof defining formationé
within the Miocene foun&‘withiq ;urrRégion 1, and the eastern portion of
Region II. The publication of Vaughan et al. (1921) contains a wealth of
information on Textiary rocks. Few metasedimehﬁary and plutonic igneous
rocks are described and Lype localities cited hetween Santiago Rodriguez,
Dajabon, and Restauracion. The Bermudez study (1949) is the most recent,
comprehensivekpaleontological refercace on the Miocene and covers portions
.of Regions X and 1I. Weyl's article (1948) presents an accurate, small-scale
regional descriétion of the metamorphic and igneous rockf of the couﬁtry.
Uﬁfortunately,‘his mapsuére 80 small-scale that the reader's inté%fetat}on is

sometimes 1liable to question.
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Recent work by fhe Caribbean Reséarch Project of Princeton University
adds a wealth of detajled information to the hitherto_little knowm geology
of the Cordilléra Central{r.While outside the limits of our three regious,
the reports of Bowin (1960) and Palmer (1963) have enabled Qs to identify
and extend westward, metasedimentary and igneous plutonic rock units border-
ing the Santiago Rodrigue%/Dajabon region, and southera poxrtion of Region IIi'
iying'between Juan balvo, Loma de Cabrera, and Capotillo,

At present, a semi-reconnaissance geological field program is being
carried out by a group of Japanese scientists, notably from Moncion to
Dajabon, which is along and south offthe Region 1I southern .boundary. In
nadditioﬁ, the OAS-CEPAL group has recently compiled a recghnaiséance soil
association map at a scaie of 1:250, 000 ..of the‘Dominican Republie, which in-

cludes the area covered by this report.

A bibliography of the geologic litgrature’is included in this appendix.
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APPENDIX 1I.  CARTOGRAPHIC FIELD AND LABORATORY METHODS

A period of six mOnth$ was spent during the summer and fall of 1965 in
Aobtaining ﬁir photo and map coverage, annotating the phétogrhphs, and review-
ing'the existing litefature. In addition, é period of five months was spent
in the Cibao.Vélley during the winter of 1965 and spring of 1966 in preliminary
field recounaissance. | |

Most of the field geologic and morphologic mapping for this project was
done on.aerial photograéhs taken by the U, 8. Army Air Force in 1948, and printed
at a scale of approximately 1:40,000. vTransfer of geologic features from the air
phbtogr#ﬁhs to the respective Army Map Service Series E?33 a;d E034, 1:50,000

topographic and photomaps was accomplished in the following stages.

First, in areas of slight to moderaée relief, an overlay was b:epgred for
. radial line QOmpilation by plotting groundlcﬁntrol points, center points, and
six pass points for each‘photo. Fiel& data were fecéified and transferred at a
1:1 ratio., Rectified data were then reduced to a scale of 1:50,000 and plotted
on the Army lap Servicenmaps which served as our base, using a Saltzmann P-1414A
Vexrtical Reflecting Prdjectqr with rés;itutionai easel at Columbia University,
New York, N, Y.
| Secdné, in areas of moderate to high relief, limited mostly to the complex
crystélline‘upland in Region II1I, almost every geologic feature that was plotted
accurately was 1oc#ted by a pass point. An adjustable Vertical Sketchmaster, K
& E Model, was used forvradial line plotting and reducing the 1:40,000 field data
scale to the 1:50,000 Sase nap. |

Third, a comprehensive laboratory analysis was then undertaken of the entire

project area in an attempt to fit together oll elements of stratigraphy, structure,
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and topograghy. Geom&rphological units, ter@ed‘herein natural subregions,lwere
then mapped.

Fourth, during the field season, October 1966 to April 1967, field check
was performed §n all poorly defined or questionable featureg. A geunecral
supplemental reconnaissance was undertaken f£illing in details as required,

Fifth, éeparate overlays each showing: (1) suxface morphology, or natural

subregions, and (2) surficial geology were rechecked and drafted.

In addition, two hundred and fifty rock samples were collected in the field,
Laboratory‘st;dies were carried out at the Department of Geology, Columbia Uni-
ve;sity,‘and were based upon one hundred and forty-seven hand specimens. Micro-~
scopic and X-ray analysis techniques were used on several specihens. The remain-
ing one hundred and three samples, nmostly of sedimentary composition, were classi-
fied in the field. |

Field descriptions of coarse, medium,‘;nd fine-grained fragmental sed;hents
and rocks were classified according to Dunbar and.Roagers (1957). Unconsolidated
surficial materials were grouped according to-the system outlined in the United
States Department of Agriculture SoilASurvey Manual (1951). ,quor’cOdes of
surfgce 1ithologic units are‘after the Munsell Soil Color Charts published by the

Munsell Col&r Company (1954).



-59-

APPENDIX III. SAMPLING PROCEDURE

The purpose of the sampling srocadure was to insure that a sufficient
number of samples was collected in an unbiased mammex in order to éermit
the drawing of ?eliable inferences about theé wholg region from them. The
sample specimens consisted of bité of space which were examined for their
.soil, climate, and land surface properties.

The total study area is 820 square kilometers but for sampling
purboses this was~reduced'to 606 square kilometeré after air photo and

topOgraphic map inspection had revealed peripheral areas obviously of no

) : ) .
utility for agriculture. The remaining area was subdivided into three maian

regions and 18 subregions as described in part II of the text,‘"Surface
Moxrphology and Geo}ogy." The sampling method employed may be described as
a stratified.randﬁm areal sampleAWith variable proportions. The region
was stratified into the afq:ementiSned regions and subregions iﬁ.order to
take advantage of previous knowledge. Stratified sampling gives more
reliable estimates of universe'parameteré.fro@ the same number of obsex-
vations than simple random methods, especially when the controls of strati-
fication are related to the items that are to be observed, This is true of
the preSgnt study. ‘
The following procedure was followed:
1) A one-quartexr-square-kilometer grid was imposed on a'1;50,000
topographic base map of each region to yield 2440 sampliﬁg
cells. | |
2) A number of sampling cells was allocated to éach.region and :
subregion in-probortion to its area. The areé of each region

is given by the followiug table:

%
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' Square
Region and Subregion kilometer
I. . Entréda de Mao Lowland )
1. Recent floodplains 9
2, Stream terraces . ‘ 12
3. Cuesta summit ‘ 3
4. Cuesta slopes .52
5. Undulating lowland | . 49
Subtotal ',{ 125
II. Séntiago Rodriguez Inner Lowland
1. Recent floodplains ' . ‘8
2. Stream terraces ' " V23
3. Piedmont plains , : 170
4, Piedmont upland 19
5. Horizontal structural plains ‘ 84
6. Belted metamorphics ’ 4
7. Complex crystalline hills . ' 7
.Subtotal - : o - 315
III. Lower Massacre Rivef Basin
1. Recent floodplains ' | 8
2. Younger piedmont plains ' 39
3. Older piedmont plains 23 .
4. Horizontal structural plains .‘ 26
5. Complex crystalline hills 74
6. Belted mgta@quhics - <1
Subtotal ' ~ - 170
GRAND TOTAL | 610

3) A given sampling cell is defined by an X and Y axis and the specific

cells were selected by randomly generated coordinates,




4)

7)

5)

B0
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The number of.sampling}cells to be gelected was dictated By'
8vailéble resources of time, personnel, finances, agd wmap
scale. One~fourth of the cell population was chosen as the
sample size, or 606 sample cells.

Each randomly selectéd sample cell was visited iﬁ the field
;ubJECt to the rule that a cell crossed by a ma jor regional
boundary was reJecLed to el;mxnate boxder effects.

Within each sample cells one randomly selected poiunt saﬁple
was ﬁaken. The point sample was 1ocated by means of a one-
quarter kxlometer square transparent grid that whs divided
iato twenty £1ve point sampling sites, each 100 square meters.
?he point sampling sites were aumbered 1 through 25 and one

was selected from a table of random numbers each tiwe the grid

was superimposed on the one-quarter~square-kilometer sampling

cell, A loo-square -meter sample site was used because it was
thé smallest area that could be located in the field on a map
scale of 1:50,000.

Eéch‘sample site selected was described iﬁ terms §f the soil,
climate, and land surface varzables, the data being recorded
on a field sheet, The field investigator was given the optxon
of decidiﬁg the precisellocation within the 100—square—meter
sample site at which the soil was to be sampled. He was also
given the Opt%?n of‘selectlng a new site if in his opinion %t
was inaccessible or unrepresentative of the cell. A new site-

was then randomly chosen. Less than ten per cent of the sites

were re jected.
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In this manner 606 samples were taken whose locatéon is shown by
Figure 5. Eieyen §amp1es were rejected and the actual analyses were
performed on 595 samples. The sampling procedure provides sufficient
punctiform data to furnish a maxiwmum of informatibn within the design
of the project.} It permits the generation of maps and land resoﬁrce
units at knowan levels of reliap}lity. Reliability may be described as
follows: 1If, fof exémple, in a sampie of size 600 the mean Qalue of a
property, as depth to *'c" horizon, is L4 céétiméters and the standard
deviation.is 25 centimeters, the standard error of the estimate is one
centimeter and the 95 per centfconfiden;e limits lie between 42 and 46
centimeters. That is, we do not know the true value of the populétioa
mean, bug we can say that it is between the limits 42 and 46 centimeters,
’valthough there is a 2.5 per cent chance that it is less than 42 centimeters
and a 2,5 per cént chance'thaf it is greater than 46 centimeters. Thus, it
is correct to say that absolute knoﬁledge wﬁich would come from a complete
study of the entire pOpulatioﬁ has been traded for probabilistic knowledge
with a kn;wn range of possible error. The-pfagmatié quéstion is, is the

absolute information worth the additional cost in time and money to acquire it?
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APPENDIX 1V, SOIL VARIABLES

In all, forty-one soil variables were examined in the field. As
_stated in the fext, the propertieé of these variables were unaffécted
bf bucket augér sampling. Unfortunately, satisfactory arrangemenﬁs
could not be made for selécted iaboratory physical and chemical analyses
- to supplement and expand the Qsefulness of éhe field samples. However,
surﬁacé and subsoil material from 165 raﬁdomly selected sites was collected
and bagged. - Alsqsampleé from 606 field sites were collected and bagged.
They are now stored in Santiago. Some are aiso located in La Vega.

The following table lists the soil Qariables uéed in the study to-

gether with selected field methodological comments:

Variable : Scaling Method

% 1., ‘texture of A, A, or‘Ap sands, to clays ,tf -moist feel
2. texture of B or By . ditto ditto
% 3, texture of C . ditto ' | - ditto
4, thickness of A - in centimeters -
5. thickness of B, if ditto ‘ -
present i :
% 6, depth to C ' ditto -
% 7, depth to consolidated | in centimeters; if -
beyond auger depth,|
set at 183 centi- .
S 4 metexs ; .
\ [ 8. 1lithologic layers | number ' , ' -
; * 9, hardpan “ . present or absent -




Variabie
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s,

. -6l

\
Séaling'

Method

10.

11.

12,

13,

%

14,

.17,

18.

19.

%* 20.
* 21,
* 22,

23,

24,

25,

* 26.
27.
* 28.
* 29,
30.

* 31.

* 32,

depth to hardpan, if

present

strength of hardpan, if

present
development of A or Ay
developrent Qf B of By
hue of A or Ap
value of A or Ap
chroma of A or Ap
hue of B or Bé
value oﬁig or By
chroma of B or B,
hue of C
yalue of C
chroma of c

mottling, if present

depth to mottles

clay skins in B or B)

pH A
pH B
pi C

effervescence A

effervescence B or By
effervescence C

wet consistency A

in centimeters
in three ranks

in four ranks
in four ranks
in six scores
Munsell numbers
ditto

in six scores(l)

Munsell numbers

ditto
in six scores(1>
Munsell numbers
ditto

scored sum

in centimeters

four scores from 0
to 10

direct reading
ditto
ditto

four scores from 0.
to 5

‘ditto
ditto

scored sum

moist color.
ditto
ditto
ditto
-ditto
ditto
ditto
ditto ’
diteo

based on abundance, size,
contrast

hand lens examination

La Motte soil kit
ditto
ditto

dilute hydrochloric acid

ditto

ditto

béséd bn stickiness and
plasticity
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.65
Variable Scaling Method
33. wet consistency B or B, ditto ditto
* 34, wet consistency C ditto ditto
* 35. drainage in seven ranks based on surface and
internal drainage
36. frequency of coarse four scores- based on per cent of surface
" fragments ‘ area or soil volume
- 37. size of coarse fragmehcs‘ ditto based on modal size
38, distribution of coarse three scores “surficial or in profile
fragments : -
39. sum of 37, 38, 39 - -
40. sources of coarse frag- |six scores rgsidual, transported, mixed
ments ’
,41.'.1ithology of coarse four scores -
: fragmeats
(L) With a Munsell color chart and the ordination method of 0. W. Bidwell

and F. D. Hole, "An Experiment in the Numerical Classification of Some

Kansas Soils," Proceedings, -Soil Science Society of America, vol. 28,

Because of intercorrelations, persistent missing data, and data judged

to be unreliable the numbexr of variables used ih the factor analytic‘program

was reduced to nineteen.

These are asterisked in the above table.




each 100-square meter sample site.

APPENDIX.V. LAND SURFACE VARIABLES

Five land surface variables were examined and scqred in the -field at

The variables were factored for the

595 samples taken in all the regions. The definition.of each variable and

the method of scoring are given in the

1.

- 2.

3.

S,

Variable Definition

elevation - height above sea level

slope - inclination of surface of
land away from perfect flatuess

-relief - difference between height

and lowest point

erosion - sheet and gully removal
of soil

ruggédness - combination of gully
depth and counts

table below:

[
b

Scoring

' read directly to nearest 20 wmetexs

from topographic maps

: )
determined directly in per ceut by
a Brunton Pocket Transit.

estimated to one meter

scaled 1 to 5 after estimate of soil loss

. deposition, or loss of less than
25% of topsoil - 1

'25%-75% of topsoil removed = 2

S 75% of topsoil to <-50% - 3
subsoil ‘

© ) 50% subsoil and exposed C - 4
sum of depth and number of gullies

a. depth in meters
>1/3 meter = 1
1/3+2 meters = &4
2-5 meters = 7
>5 meters = 10

b. count across 100-metgr squaxe site
none = 0 '
1-5 =4
5-10 = 7
>10 =10




