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SUMMARY 

The agricultural potential of an eight. hundred square kilometer area 

in the Linea Noroeste region, Domi~ican Republic, was assessed. Because 
!iiJT!\JU~::' 

information on the natural environmental parameters was needed urgently 

for economic planning, the study was conducted at a semiMreconnaissance 
· .N..ll•"a'( "J.r.•<.•~k. tY.~r. • .. · ·~~t>.; 

level, utiliz.i~_t~~r.a~~ specially designed .land resource analysis tech-

niques, applied to a reduced area of 600 square kilometers. A stratified ,. 
random sample with variable proportions of 60Q one-hundrcd~square-meter 

sites was used to collect dataon soils, land surface, and micro-climate. 

The raw Qata consisted of nineteen variables for soils, five variables for 

land surface, and five variables for climate. The data for each variable 

set ~ere submitted to a factor analysis by a computer. The resultant factor 

units were mapped and described by their respective 'variable loadings. The 

factor units were ranked according to their limiting effects on agricultural 

use due to the influence of their variables. The ranked factor units for 

soil, land surface, and climate were next areally combined and plotted on a 

map. The result was a multivariate factor map of site areas. Each site area 

is marked with a threeMdigit symbol that describes its agricult~ral quality 

and potential. The specific field attributes responsible for the rank of a 

given site may be obtained by reference to the composition of its factors. 

The decision to ameliorate a limiting property iE .left to the economic plan­

ner. The study is regarded 'as the initial step in a ~ore ·detailed research 

program on the Linea Noroeste 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 

currently the most important economic sector, it is urgent that its re­

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

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

three essential contributions to the growth of the national economy of the. 

Dominican Republic: 

(1) The increase in productivity will directly swell the 
\. 

national income stream; 

(2) the rise in pe~ capita income of those employed in 

agriculture will stimulate demand in other sectors and en- · 

courage investment; 

. (3) export earnings and greater income .in agriculture will 
. . . 

be available for investment in all sectot·s. 

Field Studies and Agricultural Planning 

The role of. agriculture in development is "Tell known to economic plan-

ners1 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 ~f scarce resources .to specific 

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

ability of the right kind o£ information at the right time. l-n'\at is needed, 

then, is a means for the ~apicl generatfon of' the proper data. This re.port 

is illustrative of the ways in \~lich model~ techniques of data assembly and 
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processing facilitate the attainment of these twin goals. 

Countries in the early stages of developroont generally are poor in 

capital and are relatively rich in land or natural environmental resources 

and labor. 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 output determining. 

Thus, in an underdeveloped agricultural economy the relative importance of 
I 

nature as an input is great. While capital inputs are low1 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 kno~·lledge, skills, and technology acquired over a long period 

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

for harnessing this human capital by strateg~cally blending wi~ it suit-

able doses of modern capital and technology while coordinating both with the 

appropriate natural resources. Given the relative abundance and costless-

ness of nature in the Dominican Republic1 ·it follows that the definition and 

identification of sets o·£ natural environmental variables offer a means for 

conserving scarce resources if an optimum mix can be obtained. Nature may 

be absorptive and l-7asteful of capital and labor in the sense that given in­

puts might have yielded greater returns if invested elsewhere. In order to 

avoid this trap1 the crucial natural resource variables must be identified 

and scaled. The study of other aspects of nature, while of interest in 

their o~ro right, \o70ulc1 be time-consuming and largely irrelevant to the 
. ~-': .. 

evaluatory objectives of a given agricultural project. Again, the report 

is illustrative of this approach. 

In the £ield1 nature confrorats the investigator wi.th a virtual infinitude 



of variables and .attributes. Fortu~a'\ely1 these are not haphazardly arranged, 

but are organized into natural ecosystems in which agents, materials, and 

processes ·are intimately rel~ted in well-defined geographic patterns. Agri-

culture is a man-managed1 ·eco-biologic activity that is fitted with varying 

degrees of conformity to the geography of nature. Departures of the agri-

cultural system from the natural order require investments of capital and 

labor ~n 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 anct which affect the viability of farm 

operations. National planners will then have at their disposal, the requisite 
\ 

"information on natural environmental resources to arrive at developmental 

decisions. 

Objectives 

The objective of this report is to provide information about a portion of 

the Linea Noroeste Region in the northwestern part of the Cibao Valley, in 

order that its agricultural 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 \'7hich such decisions cannot be made 

rationally. These data are on the soils, land surface features, and micro-

climates of the region; they provide the means for the delimitation of the 

region into physically homogeneous subareas in terms of agriculturally 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. Haps of landscape units 

sho\.Jing lancl quality patterns are prepared. Modern 9tatistical de_sign and 



electronic data-processing methods have been employed to facilitate and 

hasten the study._ 

The reportJ mapsJ and field operational scale of the study are semi-

reconnaissance (1.:50, 000)1 small enough for planning decisions and large 

enough for field application, though more fiel~ work may be necessary f~r 

certain applied phases. For office and field study1 a set of eighteen 

maps has been generated. These provide geographic inforn~tion on cultural 

cartographic features, landforms and geology, soils1 climate1 land surface, 

and multi-variable land resource areas. 

Study Design 
\ 

The design and genel·al approach of the study are. apparent from its 

structural parts. These are listed below: 

(1) acquisition and rectification of base maps; 

(2) delimitation of natural landform and geologic regions and 

subregions; 

(3) identification and field sampling o.f the· natural physical · 

components ; 

(4) synthesis of uniform agricultural resource areas. 

Field operations and information processing were coordinated closely with 

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

ditions surrounding the project and the area under 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) limitations of time; rapid generation of ipformation was 

wanted and a crt.sh program approach wt.s ·developed utilizing 14 

man-months·of professional time; 



-s-

(3) poverty of published-basic scientific information ~bout 

the areaj' only 1:501 000 Army Map Service topographic maps, 20 

meter contour interval, were available; 

(4) great inaccessibility of much of the area because of 

difficult terrain, absence of even tertiary roads or trails,·and 

a dense and forbidding thorn-thicket vegetative coYer. 

Each natural environmental parameter is treated separately according to 
i 

its geographic variation within the Linea Noroeste. Subsequently, joint 
I 

areal distributions are plotted. A discussion of the major physical ixnpedi-

ments to agricultural development and some suggestions for further investi-

gation conclude the study. ' 
In April, 19661 the National Geographic Institute of Guatemala issued 

its·comprehensive broad-gage report on the Dominican Republic, "An Approach 

for Planning the Integral Development of the ~ominican Republic." The work, 

done at the request of the Texas Agricultural and Mechanical University/ 

. Dominican Republic Program, emphasized the urgent need for conducting detailed 

field studies to rapi.dly enlargen the sphere of kno>Y'ledge about the natural 

re~ources of the country; Though independently designed and prosecuted, this 

report is an implementation of that request and provides basic information 

about the Linea Noroeste Region without which efficient .agricultural planning 

cannot proceed. 
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II 

SURFACE HORPHOLOGY AND GEOLOGY 

The three study areas examined in this report are situated contiguously 

within the Linea Noroeste region, 'Which compl·ises portions of the north .. 

central and north~vestern provinces of the Dominican Republic. For convenience 

they have been designated as Regions I and II, the Entrada de }lao Lowland and 

the Santiago Rodriguez Inner Lotvland respectively, both within the Cibao 

Valley. Region IIi, the Lo'tver Massacre River Basin, is situated along the 

Dominican-Haitian frontier. and includes portions of the Cibao Valley and the 

' Cordillera Central. The outer boundaries of the study area were set according 

to topography to limit the dimensions of the project to land of highest agri-

cultural potential. Internally, further subdivisions were made based on 

lithology, structure, drainage, and topography. 

Little detailed previous knowledge of the project area was available at 

the start of the study. No large-scale surface geological or morphological 

maps had been published. · A search of the literature revealed that extensive 

detailed paleontological studies, reconnaissance geologic traverses, and 

reconnaissance so~l maps cover portions of the study regions. However, these 

studies perforce, are either detailed stratigraphic descriptions along iso­

lated river traverses, or highly generalized reconnaissance level. reports. 

The paucity of geologic information is most striking from Santiago Rodriguez 
' 

, to the Haitian 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 r~present original, 

•• t. ..... 

agriculturally oriented material for a pr~viously unmapped area. 
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REGION 1: THE ENTRADA DE HAO LOWLAND 

Region I, termed the Entrada de t~o 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 north 

bas. transformed this area into an interior plateau, no't-7 remote from the 

sea. Limestone-capped cuestas, striking WNW/ESE with a slight northward 

dip, delineate the northern and southern boundaries of this region. Drainage 
. \ 

divides have been used as the eastern and we'stern regional limits. Plate la 

sho\-IS natural .subregional units, while Plate .. 2a is a map of surficial 

geology. Figure 1 (tree-diagram) illustrates the interrelationship of geology 

and surface morphology at the regional ·level. 

The northernmost cuesta1 termed fl·om east" to 't-Test1 Sierra de Boruca1 Lomn 

de los Pozos, La Lorna., presents solely a steep inface to the study area. 'l.'hese 

cuesta slopes are underlain by fossiliferous siltstone, a light bro,vn/yellovr1 

soft, highly calcareous material. Many stratigraphic units examined in the 

field contain either calcareous concretions or are highly fossiliferous. 

llo'i>7ever, in some beds fossils are scarce or lacking. Photo I-1 illustrates 

the morphological unit, while Photo I-2 shO't-lS a closeup of surface lithology. 

Intermediate on the cuesta inface, bet't'leen the summit and lm·Tland, and 

in the area from Mao Adentro to Gurabo Adentro, one finds a limited area \.mder-

lain by calcareous meta-crystalline conglomerate and limestone. The material 

found in Region I is quite similar to an indurated conglomeratic lens inter­

stratified tV'ith limestone. found at Jinamagao Arriba to the ·northeast. This 
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.Photo I-11 Entt'ada de Mao Lo\o~land1 foreground-older terrace; 
.' 

mid -ground -undulating lovtlan~; background ·cues ta 

slopes and sumn\it. 

~--t 

· Photo I-21 Entrada de Mao T.owland1 close-up of cobbles 

on surface of cuesta slopes. 
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\ . 
unit of conglomerate/limestone caps lobate hills lying adjacent to but 

at a·slightly lower elevation than the cuesta summit. 

The next geomorphological unit found to the south is the undulating 

lowland.· This natural subregion has developed on relative~y weak 

fossiliferous silt. Sheet wash and accelerated erosion characterize 

this unit; gullying is also well developed. Surface lithology may be 

defined as pale olive in color, soft, :~omewhat argillaceous calcareous 

s.ilt1 with and without fossils •. One small, isolated area to the east 

of the Mao River, and within the undulating lowland subregion shov1ed 

calcareous silt and scattered loose gravel. 
. 

This surficial material 
\ 

consisted of fluvially rounded cobbles and boulders of igneous. and meta­

morphic composition. The underlying material was a yello'ii-browa, 

argillaceous calcareous silt. 

Cuesta summit and slopes found along the region's southern boundary 

are more complex in their interrelationships. Their locations are noted 

from east to west. From Jaiqui Picado ~o the Guanajuma Creeks indurated 

fossiliferous siltstone overlies fossiliferous arenaceous siltstone· and . . 

fine sandstone. This latter surficial geologic unit is found on the lower 

·-·portion of-the cuesta s·lopes at Loma de Naranjo, and forms a highly ·dissected 

·t~pographic feature. The unit contains indurated fossiliferous lens, profuse 

in mollusks. Photo l-3 illustrates the landscape developed here. 

West of Guanajuma Creeks fossiliferous siltstone with calcareous colluvium 

appears on the lower slopes of Lorna de los Helechos and Lorna Sierrecita. 

Surface gravity flows of loose calcareous silt with scattered fossil:i.ferous 

.material can be traced from their source area, the cuesta/ruesa line del:f.miting 

our. southern boundary, nortlmard into the· valley. Bet,·7een the Guanajuma Creek 

and the Mao River, surface colluvium occupies a considerable portion of the 
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Photo I-31 Entrada de Mao Lowland, lo-;.Ter cuesta slope 

materials, fossiliferous siltstone,· Ml.d 

colluvial wash. 
I. 

' . 

I , __ -
.~ .. 

Photo 1-4, Entrada dG Hno lm·rlr.nd_, floodplain of the 

Amina River iti rice cultivation. 
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. valley floor • 

. . West of the Nao River, the fossiliferous siltstone member of cuesta 

.slopes soon disappears, its stratigraphic position taken by a structural 

bench underlain by coraliferous limestone. This latter unit is best 

observed on the road between Los Quemados. and La Cacique. Yellow, yellow/ 

brown, hard, somewhat argillaceous limestone caps the platforn\ at 240 meters. 

The cuesta summit lies adjacent to this structural bench and one hundred 

meters higher. Both units represent true reefal deposi.ts, containing a 

great number of branching corals. 

Recent floodplain ~nd sbream terraces m~pped are those features associ• 

ated with the Amina, Mao, Gurabo rivers, and Guanajuma\Creek. Photo I-4 

· sho\·78 floodplain of the Amina River in rice cultivation. All are exotic 

perennial streams, entrenched, and have extended their ccurses from tl1e 

Cordillera Central northl-7ard through the study region. These rivers are, in 

fact, extended consequent streams which developed initially when the region 

was a newly uplifted coastal plain. The Cartada de Tonico, a dry-wash tri-

butary of the Arnina River, represents more recent stream development. This 

cyclical subsequent stream has developed on the belt of weaker rocks of 

fossiliferous silt underlying the undulati.ng lm-1land. 

Both fine/medium- and coarse-textured, unconsolidated, recent floodplain 

deposits have been mapped. Three types of stream terrace deposits are 

defined: (1) graveliferous; (2) fine/medium-textured; (3) bedrock. These 

latter deposits are found lying adjacent to the outer perimeter of the 

recent floodplain. Bedrock terraces may or may not have a thin veneer of 

alluvium on them. 

in most instances 

Essent~ally1 they represen~nant 

through lateral erosion~~eams. • 
... ~\ ... 

valley flats produced 
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. REGION II: 'XHE SANTIAGO RODRIGUEZ INNER LOWlAND 

Region II, the Santiago Rodriguez Inner Lowland, extends from Las 

Caobas westward to the Cerro de Jacuba in Dajabon Province, a distance of 

43 kilometers. The area is wi1dest on the east, between El Guanal and 

llartin Garcia (18 kms. ) 1 but narrows westward between Partido and La Gorra, 

(8 kms.). Total area of Region II is 315 square kilometers. 

The Cibao Valley/Cordill~ra Central geologic contact serves as the 

southe~n regional boundary. While to the northeast, from Las Caobas to 
. 

Martin Garcia and Machete, the limestone cuesta of Miocene age, called Lorna 

de las Caobas and Sierra Zamba 1 provides a natural limit. Northwestward, a 

\ metamorphic inlier of the Cordillera Central forms the boundary from Cabeza 

de Toro to Baboso1 La Gorra1 and Sabana Larga. This mountain nmss is local·· 

.. , .·~·ly called Lorna de los Garquises. The region's eastern boundary lies along 

the dissected Cercado sandstone upland/piedmont plain contact, while the 

western limit follows a drainage divide. Plate lb shovTS the natural sub-

divisions, while Plate 2b is a map of surficial geology. F:i.gure 2 illustrates 

the interrelationship of geology and surface morphology at the regional level. 

Perusal of Figure 2 sho~vs the major regional geomorphological units: 

(1) recent floodplain; (2) stream terraces; (3) piedmont plain; ('•) piedmont 

upland; (5) horizontal structural plain; (6) belted metamorphics; (7) complex 

crystalline hills. 

Recent and.older fluvial deposition along the entrenched Cana1 Yaguajal1 

Guayubin1 Aminilla, Chacuey, Maguaca rivers, and Macabon Creek formed fine/ 

medium and coarse tex~~red1 unconsolidated deposits. Photo II-1 illustrates 

a fine textured recent floodplain deposit along the Guayubin River. Photo 

II-2 sho;vs a stream terr.ace grave lifero,Js deposit. 



.. Mel 

._:!1-.tm 
%:s:.;.e<l 

~.s 

CO:r"..t 

tc~urtd 

~:oont bar 

d:ovsrts 
• I 

\ I 

\ I 
\f 
v 

Recent floodplain 

fine and 
modi urn 
tex!J.Jred 
deposits 

FIG·2 

coarse 
tex!ured 
de;x~sits 

fino and 
medium 
textured 
deposits 

\ 

Stream· terraces 

• 

~·~ .,..,tx• 
III~IIICC: ~~~i 
do~> W'!U: 

\· .... ~ ........ 
\ ;,..•If '\(I ... 

C:.o.(.)'91JUi 

tt•iofpr..,, .... 'S' 

Piedmo\s 

\ 

\ 

wukly fossiliferous weakly 
lfldUr»ted silts+.one Cllmonted 

coarse 

"<w~" .2)t\1:lomor~te crystalline 

\ gravel 

.'\ 

Piedmont upland 

. REGION II 

,, 

coraliferous coquina-lime scattered indurated meta- meta-· schist pluto.· 
limestone bre«ia gravel calcareous morphosed 

~~~·y igr.~o 

\ I 
veneer sandstone malic organic • rock 

OW'''''' I volcanic 7'" wit~ 
fossiliferous rocks SCJtte· 

I silt 
I gra> 

I vena 

Horizontal structural plain Belted metamorphics Complex crystalline 

/" 

Troe .diaoram of Santiago Rodriguez Inner lowland, showing relations of natural subregions and ·surficial geology 



L _j 

Photo li·l~ Santiago Rodriguez Inner Lowland1 recent flood~ 
plain of Guayubin River. 
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stream terrace deposit • 

I 
.. ...... 

·-·-
l?hoto II~3, S::mtingo Rod·riguez Inner t.o~11lnncl, 'cUssec.~ted pi.e.dmont 

Ut1l<.md. 



, 

.. 

·11-

\ 
The Piedmont Plain natural subregion, the largest areal unit in 

Region II, extends from Las Caobas to Gavilan on the extreme west. At 

Sanchez, 2 kilometers south of Las Caobas, piedmont plain gravels are 

found interstratified with the fossiliferous silt of l1iocene ~ge. 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 

piedmont upland (see Photo II-3). This yellow-colored conglomerate is 

interbedded with sand and contains poorly sorted pebbles, cobbles, and 
\ 

subangular boulders of diorite, gra~te, schists, and other rocks of the 

basal complex, ranging from 1 em. to 30 em. in diameter. At Lazaro, Agua 

Clara, Estancita, and farther. west at La Brena de Campeche, lag gravel 

deposits are found. These deposits, lQcated at the northern base 6£ the 

mountain range are in fact gravel plugs, simi~ar in morphology and com~ 

position to alluvial fan systems developed else~here. They occur where 

sudden change in gradient at the foot of the mountains causes rapid 

deposition of coarser debris. These piedmont coarse-textured deposits 

consist of rounded to subangular weathered gravel, composed of varying 

amounts of metamorphic mafic volcanics, calcareous ·xootasediments, schists, 

and plutonic igneous rocks. Photo II-4 shows a typical landscape developed 

on this material. The land surface is illustrated in Photo I~-5. 

Fine.to medium-textured deposits are found north of the Piedmont Upland. 
. ~.. ' . 

They are yellow-red/yellcM/yellow-brown, non-calcareous, predominantly silts, 

interstratified with sand and clay. Note the ·land surface which characterizes 

this geolocic unit in Photo 11~6. 
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Photo li.M41 Santiago Rodriguez Inner Lm.rland, pied.rnont 
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Photo !I-51 Santiago Rodriguez Inner l..owlnnd, close-up 

of coarse m~terial of piedmont upland. 
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Another surficial unit mapped within the Piedmont plain is surface 

gravel with calcareous and noncalcareous evaporites, Most outcrops 

associated with this deposit are found within the dissected interfluves 

of the creeks and dry washes of the western area. In this semi~arid 

environment} calcium carbonate is deposited chemically in the solum. 

Lime~bearing water evaporates instead of finding its way to the water 

table. Here, concretionary masses are found in the subsoil and at times, 

as masses or layers close to the surface. Photo Il-7 sho\'lS a badlands 

topography developed on caliChe wi~h a surficial gravel veneer in Baboso 
. 

parish. 

Northwest/southeast-trending inlicrs of metasediments project through 
\ 

the piedmont plain in Region II. These morradnock-like features of resistant 

·rock with their associated pediments are found at Cerro Chino, located along 

'the banks of the Guayubin River. Here, sheared schistose rock and.quartzite 

lens outcl·op. At Cordero to the sQuthwest, intensely sheared organic litne-

stone lies in contact with massive greenstone, This organic limestone unit 

outcrops also farther west, as at Cerro del LLano, one kilometer northeast 

of Chaquey, and at Cerro de Jacuba on Region II's western limit. 

Plutonic igneous rocks in contact with the Piedmont Plain define the 

region's southv1estern boundary 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 contains albite, ~nd al~o some quartz phenocrysts. 

'i'he Horizontal Structural Plain subregion is ·located northeast of the 

piedmont plain. This marine unit is actually a continuation of those Locks 

of Miocene age examined in Region 1. Fossiliferous silt underlies the . 
gently undulating plaj.t'pfrom Las CaobaEt to Zamba. This unit has a ~entle 
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dip northward toward the Sierra Zamba. The material exposed here is pale 

olive, soft, somewhat argilliferous •. Fossii pectins are found in places, 

such as in the Los Guanos Creek, northwest of Las Caobas. Photo II-8 

shows the plain. 

Small, scattered deposits of weakly cemented calcareous metacrystalline 

gravel.lie superficially on the fossiliferous ~ilt. This material is 

oxidized, fragmented, and of pebble/cobble size. A gravel pit1 located on 

the road between Santiago Rodriguez and Zemba exposes this surficial material. 

Isolated reefal deposits of fossiliferous limestone and coquina occur 

between Zamba and Martin Garcia.. The limestone is yellow/yello'tr-brown1 hard, 

and somewhat argillaceous. Coquina is. found at the distal end of the lime­
' 

stone deposits and consists of unconsolidated small shells and shell fragments 

in a cal-lime matrix.· Photo II-9 sho~7s the shell deposits. 

A scattered surficial veneer of lag gravel was seen overlying fossil-

iferous silt along t~e west bank of the Q~ayubin River at Boca de Aminilla, 

·and :west of the Macabon :Creek at Detd'ts de la Sierra. The gravel here may 

represent fluvial deposition of coarse ~ragments beyond the outer perimeter 

of the alluvial plaitl during some past pluvial stage. 

REGION III: THE LOWER MASSACRE RIVER BAS IN 

Region III, the Lower Massacre River Basin, extends in a north-south 

direction along the eastern border of the Dominican-Hait:i.an frontier, from 

Manzanillo to Lorna de Cabrera and Capotillo1 a distance of 31 kilometers. 

Total area studied here is 170 square kilometers. 

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

...... .,. 

000654 



-14-

north and northeast, the drainage divide was used as the regional boundary. 

~e metacrystalline/piedmont plain contact was then take·n to form the limit 

from Clavellina west and s9uth to Buena Vista. While the base of the 

mountains, La Traversada1 Cerro de la Mercedes, an~ Loma de las Palomas, 

defined the southeast and southern boundary. Plate lc shows the natural 

subregions, while Plate 2c is a map of surficial geology. Figure 3 

illustrates the interrelationship between geology and surface morphology 

at the regional level. 

Perusal of Figure 3 shm-1s the major regional geomorphological units: 

(1) recent floodplain; (2) younger piedmont plain; (3) older piedmont plain; 

(4) horizontal structural plain; (5) complex crystalline hills; (6) belted 
\ 

metamorphics. 

Recent fluvial deposition along the Massacre River has laid dovm fine/ 

medium-textured, unconsolidated sediments. This area, located north-

north~'lest of Dajabon and extending to Sanchez is extremely level land, crossed 

by many distributaries by which the. river funnels its discharge. Recurrent 

annual flooding has handicapped agricultu~al development here. Test borings 

at six locations shmV"ed.recent stratified silts and clays to more than a six· 

foot depth. Photo III·l shows the landscape deve.loped ·here. Note that a 

small stream terrace of the Massacre River is included within this sub· 

regional unit. Located at.Dajabon, this one-quarter square kilometer area 

is normally not subjected to recurrent flooding. 

'l."he Piedmont Plain geomorphic unit in Region III is subdivided int:o 

younger and older plains on the basis of air photo interpretation and field 

.observation. Th~ old~t unit is actually the westward continuation bf Region 

. II !.s piedmont plain nnd retains essentially tho some cbaracteristi.cs. Fine/ 

medium~ coarse, and evaporite deposits arc also found here. 
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\ 
'Tit.. d 1 · 11' 1 ld f the 21aooom.E. ~ue Younger ?ie mont Pain over les t1e o er unit west o 

grid coordinate. This contact is identifiable on overlapping aerial photo· 

graphs viewed in stereoscopy. The piedmont fan originates at Juan Calvo 

where the diam2ter of its apex is two kilon~ters. Lateral spread of fine/ 

mediumMtextured materials in lobate form occurs northward to ·its Canongo/ 

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

and betlo~een El Cercado and Sanchez. 

"' ~To small inliers of organic limestone outcrop at Sanchez and Canongo. 

These units, trending nortlnqest/southeast are the westward extension of the 

unit mapped in Region 11. 

A large pluton of tonalite 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 th~n the surrounding mountain 

system. (Photo 111·2). This complex crystalline .hills subregion ma,y 

correlate with a tonalite. zone mapped bet\oreen Jarabacoa and Moncion and a 

quartz diorite region mappe~ in northern Haiti. It would therefore represent 

a portion of one large batholith of over 100 kilometers in extent, trending 

in an east/west direction. 

While the tonalite (quartz diorite) group appears to be the country 

rock within this subregion, volcanic and metavolcanic rocks have also been 

observed and hand specimens examined. Several basaltic rocks were found in 

the Don Miguel, Juan Calvo, La Pi~a area. 

Local shearing has produced in places contact metamorphism. This 

phenomena was observed near the juncture of Arenoso Creek and the Massacre 

River at La Hoya. The basaltic-amphibolite rock found had a schistose· 

structure. Silvery metallic ore was found her.e. ~ro kilometers west-

southwest at Pueblo Nuevo,· contact metamorphism was again observed with the 

occurrence of the metallic ore. 
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III 

CARTOGRAPHY 

Operational and logistic~l problems in the field early centered on 

the fact that the Army 'Hap Service Series 1:501 000 topographic and photo-

maps had not been field checked to verify all existing c~ltural data. 

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

· location over 5.ntransitive roads. In addi.tion1 most drainage features 

l-1ere expressed cartographically as intermittent streams (arroyos) ,.,hen in 
,., 

~ctuality_ they Here 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 follo~nng'statemants can be made regarding our base map 

data fo~ Regions I, II1 and III. 

i'irt\t, drainage ~eatures have been classi~ied as foll<XV'S: 

1. Fcrennial fcatur~s, 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. 
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2. · ~ose-surface, all-weather roads. These roads carry 

light loads in all weather. The roads 

generally are drained and graded. Construction 

is usually of gravel, stone, or some stable 

material such as sand-~lay, on a light foun• 

dation. 

3 •• Loose-surface, fair or dry weather roads. These roads 

carry light loads in dry weather only. The 

roads may or may noc be graded or drained. Any 

surfacing consists of gravel, or sand-clay with 

a poor foundation. 

4. Tracks. These arc natural road~·rays1 here in the Linea 

Noroeste termed callejones, that can accommodate 

very light vehicles with four·l·rheel drive in dry 

weather. 

!i.• Trails. These include important foot tr~ils 1 paths, and 

pack trails. Note that both the drainage classi­

fication and trafficability categories follo~., 

those outlined in the follo,voing reference: U. s. 

Dept, of the Army. Field Manual FM 21-31 (Topo­

graphic Symbols). June, 1961. 

The site of each rural settlement occurrip.g in the study r'egions has 

been verified and its actual location on the base map plotted. These 

conwunities have in addition been classified as a parish, section, or 

'lll..tnicipality using the foll~ing map notAtion: 

Parish 

Section 

}iunicipality 

...... .,. SantA Haria 

SANTA HARIA 

S/UlJ:A HAlUA. 
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All spelling has been checked with reference to: 

·Republica Dom.inicana. Direc~ion General de Estadistica y Censos .• 
pivision Territorial de la Republica Dominicana. 1961. 



IV 

NATURAL COHPONENTS OF THE AGRICULTURAL ENVIRONMENT . 

General Design of Study 

With insufficient knowledge of the physical environment available for 

planning purposes, a primary objective of the study was to uncover the 

needed information as quickly as possible. The three ~jor interacting 

site environmental variables affecting the biological productivity and agri~ 

cultural potential of the region are soils, climate, and ~and surface • 

. These features co-vary through space. Hence, it is· necesliary to delineate 

their joint ar.::al distributions itl order .to assess the quality of the region, 

since any one may be limiting for agriculture. In other words, unit ar.eas 

of land in the Linea Noroeste region were examined and their soil, climatic, 

and land surface properties were simultaneously characterized. In all~ 

forty-one soil attributes, five climatic attributes,.and four land surface 

attributes \o7ere initially scored and recoraed in the field. By the use of 

appropriate statistical methods, the data were processed through an 

electroniccomputer. These pennitted the sampled~sites to be compared with 

each other and ultimately to be collapsed into typical sites and uniform 

areas. The process was applied to the sites for each of the three main 

variables: soil; climate; and land surface; separately and jointly. Thus, 

the major physical impediments to agricultural development in the Linea 

Noroeste region \olere identified by kind and geographic location. 

The initial step in the· analysis was to devise a field-sampling pro­

.ceclure which would ins.ur..!'! that the sitns examined would provide the 11eeded 

information on soil, climatic1 and lanu surface properties and would be 
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representative of the conditions that prevail in the Linea Noroeste region • 

. ln other words, the sample population had to be randomly selected and of 

sufficient size to provide unbiased information about the whole region. 

Considering the limitations of time1 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 ~rea had been reduced 

because approximately t~10 hundred square kilometers along tho periphery 

were unsuited for cultivation, one\ member of the team, Hr. Gustavo A. 

Anto~ini1 examined each site in the field. 

The specific location of each field site was selected according to a 

stratified random·areal sampling with variable proportion ~ethod. According 

'to this procedure, the total sample population ~o~as numerically distributed 

among the regions and subregions described in the previous section, pro­

portionate to the size of their areas. ·Thus, each region \'las assigned its. 

fair share of the total, Within each subregion, the specific location of 

each site was selected by randomly designated geographic coordinates 

generated by an electronic computer. These .sites were then visited in the 

field and their properties recorded, generalized, and projected to the whole 

region, The method permitted the identification of the categories of soils, 

climates, and land surfaces, as well as reliable estimates of the areal 

proportion of each category for the different variables, By reference to 

air photos and topographic maps, projected geographic patterns were recog­

nized and represented on maps. 

SOILS 

Because of the wide ~ange of soil-forming factors pres~nt in the region, 
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the pa.ttertt of soil development can be expected to be varied and reveal a 

complex geographic distribution. The local pedogenic regimes are the 

result of the interaction of parent materials1 climate and microclimate,. 

and land surface. From the tree diagrams showing the relations of the 

natural subregions and the surficial geology1 it is apparent that a wide 

variety of rock materials, differing both lithologi~ally and physically, 
. . 

are available for transformation into soil. These include consolidated 

and unconsolidated materials, various textural sediments, calcareous and 

non-c~lcareous depos:i.ts1 and sedimentary, igneous1 and metamorphic rocks 

of contrasting mineralogy and age. 

Superimposed on the parent materials are the influence~ of climate 

and land surface. The climatic differences of greatest signHicance derive 

from the effectiveness and availability of soil moisture. These may be 

reduced to three components, the first independent of the soil itsel£1 and 

the second and third .. dependent in part upon the properties of the very soil 

wltose formation they are affecting. ntey are: (1) annual and seasonal 

distribution of rainfall, the form~r ranging. from an approximate mean annual 

maximum of 2200 millimeters to an approximate mean annual minimum of 850 

millimeters. The variation in annual and seasonal precipitation would have 

pedogenic effects even if the land surface of the Linea Noroeste were 

perfectly flat and composed of uniform surficial material. Because it is 

not1 two other moisture components are superimposed on rainfall. n1ese are 

the different infiltration rates, permeabilities1 and moisture-holding 
th 

capacities of the materials, and the water runoff received )0-y depressions 

anq lo~o~lands from uplands. These two components are responsible for local 
, T 

t"A.oJA.., •• J, 

pedogenic transformations; (2) the depth of moisture tha't the soil is 
····""·""' 

capable of retaining at field capacity, 11gainst gravity_ from a given ra:i.nfall 
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I 
receipt, expresses the total effective ~~oil fotming Hater, and separates 

· . · the ·moisture that remains in the soil from the free water passing 

through the profile and running over its surface; (3) addition of water 

to the soil body. £rom above or below may result from its topographic 

position relative to the surrounding area. Runoff water fxom.higher 

surfaces may accumulate in. local depressions or loi-t surfaces and 

significantly increase the entrance of lotater into the profile. A similar . 

phenomenon may occur on alluvial surfaces when streams are in flood stage 

and inundate their plains. This may occur more than once a year or as 

little as once in fifty years. Flooding from beneath takes place when the 

unconfined water table rises and lies within the profile on at the surface. 

The influence of the land surface on soil formation is, of course, 

very much involved in the third climatic variable treated above. In addition, 

it affects the depth and age of the soil. Water moving downslope over sur-

faces carries eroded soil material in suspension l-1hich it deposits at the 

~oot of the slope where its velocity becomes insufficient to carry the 

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

face reduces the soil depth and continually exposes rock at the surface so 

that the soil is young and immature. On the other hand, the lower surfaces 

continually receive deposits of fresh material so that the soil body again 

remains .young and immature, and1 in addition, open and u~consolidated. 

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 

fhis pattern as rapidly as feasible. The· method employed is described 

briefly in the next several paragraphs. 
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Field 'Hethods and Data Analysis 

Within each r~ndomly selected 100-square meter sampling site, the 

soil was examined at a point regarded as representative by the field 

investigator. A 10.16 centimeter (four inch) diameter bucket auger able 

to reach a depth of 103 centimeters was employed. Forty-one soil proper­

ties were determined initially; these included texture,~ color,~ depth, 

horizons, consistency, effervescence, acidity, and many others. HOt-lever,~ 

only nineteen properties 'vera used in the analysis. Because the samples 

were taken with an auger, only soil variables and attributes that were not 

destroyed by this method were used in the study. 

mical or mineralogic determinations were used. 

Except for pH,~ no che­

' 
Data on the variables lvere recorded at each sampling site on field 

... sheets. The information lvas scaled numerically and punched on IBM (Inter-

national_Business Machine) data cards for computer processing. TI1e location 

of each sampling site to7a~ noted on the field sheet and on the IBH card by 

an appropriate identification number • 

Because of the limitations of the information uncovered and the way in 

which the samples were collected,~ the findings and maps presented are not 

identical with traditional soil maps or soil classifications. Nonetheless, 

the information gathered is valid for the purposes of the study, that is, 

the recognition of the soil properties affecting the potential agricultural 

productivity of the Linea Noroeste region. Together with some additional 

study, these data can provide the basis for a more comprehensive classifi­

cation of the softs1 . it.needed. 

Treating the main regions jointly, eaCh sampling site characterized by 

nineteen tcored soil variables was compared to every other site in order to 



set ltp uniform types whose geographic location could be shoHn on maps • 

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

IBM 7094 electronic computer. A factor analyticaltecltnique was employed 

follo~ving a special machine program.* 

Factor analysis is a statistical technique by which the. relationships 

among a large number of variables may be reduced ~o a smaller number of 

variables or common factors. Thus,~ the essential variables that are re-

s ponsible for the distinctive properties of the soil samples can be 

identified and aggregated into independent soil groups whose geographic 

distribution can be plotted. A study of the variables contributing to 

each factor composing the soil groups and the geographic ~atterns of 

distribution for the groups, exposes the nature and quality of the soils 

in the Linea Noroeste. 
, 

The soil units that are described and mapped are soil factor cate-

goriees., not soil groups as the term 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 analysis 

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 effinities1 and1 the program acts'to 

cluster the sample. 
,, 

Six factors or. groups of variables were generated by the analys:f.s • 
.. _ ...... ""' 

The composition of each factor in terms of the ninet~en variables pe~imitted 

• The llrogr:ttn called. 11HUS?'was writtcr. by Mr. Vincent Manson, Am~rican 
u.~ ..... ··- ft·~ »nt-uY'.n1 lHatrn.·v and Columbia Ul'.,.vord.ty, both tn ltcw Y()rY.-1 U,Y ... 
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the soils to be identified. That is to say1 the soil of each sampling 

site could be fitted to a factor1 which may be regarded as a synthetic 

soil.· All of the factors taken together describe the compositional 

variations for all the soils observed at all the sampling sites by the 

nineteen selected variables. For each fact~r1 an actual soil was 

located that closely fitted the factor; this is the reference soil for 

that factor to which the composition of other soils was compared. Some 

soils departed from a "close fit" to a single factor. Their compositional 

var:j.ation was partitioned among t'vo or three factors. The identification 

and location of these soils led to the setting up of additional soil units 

and areas. . \. 

The soil factor units of each subregion are described below: 

Factor Soil Units of Region I, Entrada de Mao Lowland 

. 1. Factor 1 soils are derived from fossiliferous siltstone, and are deep 

but moderately developed They are medium-textured, typically, loams, 

silt loams1 and silts, but have silty clay and clayey subsoils. They 

are highly plastic and sticky when moist, and tend to suffer from poor 

internal drainage. The profiles may be stone free or contain some 

fossiliferous fragments. 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 brOt·Tn to dark gray-bro>m and their subsoils are 

olive ·to olive-bro\m in color. 

These .soils occupy the largest area l-Tithin the region and are the 

core of the undulating lm·Tland. Good examples of the group and the 

reference site may ba observed appro:xi.llk'ltely one k,ilometer east o£ Potrero 

at coo-cdinates 958 · i1t1d 542, sheet 6074 III (H.oncion1 D .R. ), U, S. Army Hap 

Service, Corps of Engineers, 1:50,000 • 

. . 
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\ 
2. Factor 2 soils are shallow· stony phases of factor 1 soils. They are 

less than 183 centimeters to hardpan or hard rock, and contain 

coarse fragments, generally calcareous, but occasionally are associ-

ated with a veneer of gravel. Colors of the t'vo soil groups are 

similar, though subsoil colors of this unit are more apparent at tha 

surface. Factor 2 soils commonly occupy a belt bet,·7een the higher 

"limy· rocks along the margins of the region and the loHer lying 

factor 1 soils. 

An accessible good example of this soil factor may be observed 

along the main north-south highway in the vicinity of J~os Quemados 

at coordinates 734 and 560, sheet 5974 II (Honcion, n'.R·,), u. s. Army 

Hap Service, 1:501 000. The reference site, however, is located at 

coordinates 842-546 on the same sheet •. 

·3. Factor 3 soils are composed of young .alluvial floodplain materials 

that are subject to periodic stream overflo~v unless pt;ot'ected by 

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

places the soil may contain gravel and· coarse fragments, surficial 

and scattered in the profile. Profiles are deep and generally well 

drained internal~y, but external drainage is poor to very poor because 

of ~looding. Color of these soils varies from dark bro'vn to dark 

gray-brow.n in the surface, while subsoils vary from dark gray-broWn 
\ 

to yellmV"-brown and olive-gray. (One sample had a reddish-brown sub-

soil.) The pH ranges from slightly acid to slightly alk~line (6.8-7.2), 

with subsoils tending to be on the alkaline side. One samplej however, 

had a pH of 8,.0 at a depth of 75 centimeters. 

Good examples of this factor r.-a.y be observed east of the village of 

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

~lonc't(ln, D.R.)1 U. s. Array Map Service, 1:501 000. 



Factor Soil Units of Region II, Santiago Rodriguez I_llner Lot.;land 

1. Factor 1 soils are also"found in a large area of Region II, having 

developed from.similar parent material, a pale olive fossiliferous 
' 

silt. 

Also_present in Region II, occupying large areas, is a variant 

of the factor 1 soil group, designated as la. In these soils the 

pH's tend to be some'tvhat lm-1~r and free-lime is less pronounced. 

· :rtte brovmish color is more strongly developed and the pale olive 

color of the subsoil is absent. Coarse fragments tend to be more 

common. A reference site for factor 1 in Region II i~ at co• 

ordinates 518~580, sheet 5974 IV, Martin Garcia sheet; a reference 

site for factor la is at 555-5641 northeast of Santiago Rodriguez, 

on the Santiago Rodriguez sheet. 

2. Factor 2 soils also are found-in Region II occupying a belt developed 
. . . 

on outcrops of various kinds of limy rock materials and fragments 

with inter-mixtures and overlays of gravel. Hence, these soils are 

shallo't-71 medium to co'arse-textut·ed like their _counterpart in Region I. 

A reference site may be seen at coordinates 496-6461 sh~et 5974 III1 

Santiago Rodriguez sheet. 

3. Factor 3 soils, as described for Region I 1 are al~o found in Region II 

along stream courses. In addition, there is a substantial area of 

intermittently distributed factor 3 soils throughout the Pierunont 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 shown, but sufficient detail has been mapped to indicate their 

areal distribution. A. reference site rp.ay be se~n at coordinates 488-693, 

sheet 5974 IV1 Martin Garcia sheet • 

.. 
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4. Factor 4 soils are found in the southeastern part of Region Il, on an 

upland piedmont surface composed of a weakly indurated mixed congloroer-

ate. The soil is coarse-textured containing a varied assortment of 

rounded igneous pebbles and cobbles. In places 1 an indurated layer may 

be reached, but more commonly the profile is open and permeable. As a 

result
1 

internal drainage and external drainage are excessive, the lat-

tar· being due to steeply sloping surfaces. Texture grades from· stony 

silt loams to coarse and fine sandy clay loam subsoils. The pH of the 

soil is slightly acid to neutral. The colors range from a dark reddish 

bro~m to reddish bro'97n surface soil and from a yellowish brown to light 

olive brovm subsoil. 
. \ 

A reference site is located at coordinat~595-5061 

sheet 5974 III1 Santiago Rodriguez. 

5. Factor 6 soils are upland soils developed on igneous crystalline rocks. 

They are light-textured1 shallm<~ and stony1 and tend to be excessively 

drained. These soils are on the acid side1 but the subsoils may be 

slightly alkaline. Surface color is typically dark brown and the subsoil 

is a strong brown. A reference site is located at coordinates 339-5721 

sheet 5874 Il1 Lomade Cabrera. 

6. Factor 7 soils are developed from mixed metamorphic rocks, including 

schists
1 

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 material 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 the.se soi1.s ranges from slightly acid to slightly alkaline. 

Surface colors are .dark brown gradi.1g into a light yellowish br~:rn with 

increasing depth. The reference site is at coordinates 438-5711 sheet 

5974 III1 Santiago Rodriguez sheet. 000654 
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l. Factor l and ln soils are also fom1~. in this region1 Hhere they have 

developed from materials similar to thcil• count,erparts in Regions I and II. 

.In Region TII, hoi-rever, touard the lwst., because the elevation declines to 

sea level and the surface relief diminishes, the profiles exhibit the effects 

of imperfect drainag{l. \1/hile surface colors remain tulal teredJ the subsoil 

tal~es on a definite grayish cast, In other aspects 1 factor 1 and la soil 

groups are similar to their respective sites in Regions I and II. A reference 

site for factor l raay be obtained at coordinates 191 .. 735" sheet. 5874 I, 

Dajab'?n sheet; a reference site for factor la is at coordinates 193-69!11 sheet 

5874 I 1 Dajabon sheet. 

2. Factor 2 soils are found also in Region III developed on the west':Te.rd 
\ 

extension of the shallm-r limy materials found in Regions I and II. Tht3 prO·· 

files here also t~.md to be shallmr, medium .. textured, and contain fragments 

of limy rocks. A reference site may be found at coordinates 152··76B, sheet 

587h I, Dajabon sheet. 

3. Factor 8 soils occupy a largo area in Region· III" on the piedmont 

alluvi.ai plain. These soils· bear a sitnllari ~y to the floodplain soils of 

Regions I and II but have heavy surface textl.U'OS and are not subject to · 

active flooding. Subsoils are sanely and open but ·Hater often e.ccumul:1tes 

on the surface. Colors grade from dark grey surface to a black subsurface. 

A reference site is located at COO!'din-'l tes 16h .. 725 1 Sheet I, Dajabon. 

4. Factor 5 soils al~o fotmd in Region III in a floodplain area adjacent to 

the l1assacre River and ,.rest of factor 8 soils. Thouzh generally sim:i.lar to 

the floodplain soils fotU1d in R~gions I and TI, these soils are heavier-

textured and suffe1• frorn very poor drainage. They are deep silty clays of a 

dark gray bro\m color that grades into dark yollovr bro-vrn lofith depth. Banclcd 

yellm.r broim mott1,es are di.stinot. The soils · 

.· 
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are highly sticky and plastic \>7hen wet. The pH is neutr4l 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 125-7151 sheet 5874 11 Dajabon sheet. 

5. Factor 6 soils are shallm'? stony, coarse-~extured upland soils developed 

on igneous crystalline rocks. They are excssively drained and have low 

plasticity and stickiness. n1ese soils are acid1 ranging in pH between 

6.0 and 7.0. n1e .colors of the surface soils are dark gr.ayish brown-

while the subsoils are yellowish brown. A reference site is located at 

coordinates 225-5351 sheet 5874 II1 Lorna de Cabrera sheet. 

There are two sn~ll areas of factor 7 soils located i~ the region. No 

samples fell within these areas. n1ere is also a small area of factor 4 

soils in Region III. nle soils here resemble their counterpart soils in 

Region II, except that the red color is more subdued1 the pH is a little 

higher1 and the subsoil is whiter in color. 

The geographic distributions of the soils in factor units arc shown on 

~lates .3a, b
1 

and c. nle composition of the factor soil units as described 

by the nineteen soil variables used in the analysis is given in Table 1. 

LAND SURFACE 

A second variable that affects the potential ~gricultural 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. In addition1 it influences the 

microclimatic regime. 

As expected, the land surface of the Linea Noroeste is varied and reflects 
'. ···~ 

the geomorphic conditions prevailing in the area. Th~. genesis of land surface 



(1} (2) (3) (4) (5) (6) (7) (8) (9) (10) I Depth to Depth to I 1 
~~ion and Texture of Texture of Subsoil Hardrock Hardpan 1 Color of Surface Soil ·color of Sub 
'§Ctor Soil Unit Surface Soil Subsoil centimeters centiwzters present 

1 
. 

.. 

:ntrada de Mao Lowland . 
Factor Unit 1 silty clay silty clay 22 . > 183 absent dark grayish brown pale olive 

·loam - .. 

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 ye11owi 

' ;, brO"wn 

' 

Santiago Rodriguez I 
Inner Lowland 

Factor Unit 1 silty clay 
I 

clay 60 )183 absent dark yellowish brown light olive i 

~Factor Unit la sandy loam clay loam 51 >183 absent dark brow.n strong brown 

. 
Factor Unit 2· silt loam silt loam 8 35 absent dark brown· olive 

.. . 
Factor Unit 3 loamy sand loamy sand 12 > 18j absent olive brown dark gray b: 

Factor Unit 4 silt loam sandy clay I 30 > 183 absent dark reddish brown yellowish b: 
loam 

- -
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Table 1 (cont.) Composition of Factor Soil Units, 19 Variables (cont.) 

(12) . (13) .(14) (15) (16) . (17) (18) 

pH of t pH of i Effervescence t Effervescence I Wet consistency ,. Wet consistency j Drainage 
surface soil subsoil ) of su~face soil of subsoil of surface soil r · of subsoil . I l 

l I r 
•8.0 8.0 ! strong violent sticky, plastic very sticky imperfect 

- I very plastic 
I 
t 

7.4 7.6 
} 

strong strong slightly sticky slightly sticky excessive 
I 

[ slightly plastic slightly plastic 

/ 

I 
. 

" 
7.0 7.2 none none sticky slightly sticky well 

. slightly plastic 

' .. I I I . 
. 

7.0 7_.8 strong violent very sticky very sticky imperfect 
very plastic very plastic 

\; 1.0 7.2 none ·slight sticky sticky imperfect 
slightly plastic slightly plastic 

. 
;7.2 . 7.6 none none slightly sticJ<:y slightly sticky somewhat . 

slightly plastic slightly plastic excessive ' 

7.2 6.8 none none slightly sticky slightly sticky poor . 

7.0 I 1.o· none none . sticky · sticky excessive I slightly :plastic plastic 

-· 
• --, ( 

• i lr 

•(19) 

Stoniness 

none. 

frequent grE 
scattered ir. 
profile 

frequent gra• 
. scattered in 
profile 

none 

occasional g 
scattered in 

frequent peb" 
cobbles scat 

: profile 

occasional g·: 
scattered in 

frequent. cob .. 
profile 



Composition of Factor Soi 9 Variables 

(1) (2) {3) {4) {5) {6) (7) (8) (9) (10) (11) 

~ 4nd - [ Texture of i Texture of Depth to f Depth to 
Hardpan! Color of Surface Soil I Color of Subsoil ~ Soil Unit ! Surfece Soill Subsoil Subsoil Hardrock 

centimeters I centimeters present I · · . 
! l 

ezo Rodriguez l 

I ~= Lowl4.nd. I 
etor Unit 6 sandy loam sandy loam 41 79 I absent dark brown strong brown 

.. I . I 

.l > 183 ztor Unit 7: i sandy clay sandy clay 34 ·l absent. 
.dark reddish brown . yellowish brown 

J loam loam I I 

I I . ~ Massacre ! ver Be.sin j . 
i 

ctor Unit 1 silty clay clay 61 > 183 ·j absent ·brown dark gray 
l .. 

loam I 

J 
; i . . l > 183 

c:t:">r Unit la silt loam clay 47 absent very dark grayish yellowish brown - ----- · bro\m i 

I ' 
e:::or·unit 2 l."ilt loam 

silty clay 39 . 59 absent dark brown yellowish. brown 
loam ... I black ctor Unit 3 silty clay loamy sand 25. > 183 absent very dark gray ., 

ctor Unit 4 silt loam cley loam 64 > 183 absent dark brown very pale brown 

ctor Unit 5 clay silty clay . 25 > 183 absent very dark grayish dark grayish bro-.m 
bro·..m 

,J 

ctt'r Unit 6 loamy sand loamy send 18 l 60 absent very dark grayish yellowish brown 
I brown 



Table 1 (completed) 

(12) (13) (14) 

pit of 1 pH of 1 Effervescence 
surface soil subsoil 1 of surface soil 

I 

6.6 7.6 none 

-

6.8 

I 
7.6 none 

t ., 

'· 

l 
\ 
I . 
I . 

7.3 t 8.2 : strong 

\7.0. 8.0 none 

7.8 7.8 strong 
. 

. . 
7.0 I 7.2 ·none 

6.4 . 7.8 none 
. 

7.0 7.2 none 

6.0 6.4 none 

f I 

Composition of Factor Soil Units, 

i 
I 

(15) (16) . (17) (18) 

Effervescence! Wet consistency J Wet consistency I Drainage 
of subsoil of surface soil of subsoil . 

none 

none 

violent 

slight 

violent 

none 

none 

none 

none 

l 
l 
! 

slightly sticky sticky well 
·slightly plastic slightly plastic 

sticky sticky well . 
plastic slightly plastic 

sticky very sticky imperfect 
plastic I very plastic 

I imperfect sticky ! very sticky 
sligh~ly plastic! very plastic . 

slightly sticky I very sticky imperfect 
slightly plastic plastic 

very sticky slightly sticky . poor 
plastic ., .. 

slightly sticky sticky imperfect 
slightly plastic plastic . 
very sticky very sticky poor 
very plastic very.pl2.stic 

slightly sticky slightly sticky. I some~..rh2.t 
excessive 

( 

• 

(19) . 

I Stoniness 

; 

•· 

occasional grave~ 
cobbles in profi 

occasional grave: 
cobbles in profi: . 

none . 

occasional grave 
in profile 

none 

none 

frequent pebble: 
cobbles in prof 

·' 
none 

frequent pebble 
cobbles in prof 
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features expresses the interaction o£\several forces. These are (1) 

initial relief or differences in elevation that are the res\.llt of 

internal earth pressures. Such differences permit the operatiorl of 

gravity to move dmvnslope loose material ft·om one location to another1 

water being the chief agent of transportation. Elevation ranges from 

290 meters to sea level1 giving a relief in the order of 290 meters. 

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

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

the .earlier discussion on "Surface Horphology and Geology" and the tree 
. . 

diagrams that a variety of materials at contrasting elevations exist in 

the Linea Noroeste. 1~ese materials range from complex igneous and 
\ 

metamorphic crystalline rocks to variously cemented limestones, silt-

stones, sandstones, conglomerates, and unconsolidated alluvial sediments. 

Each. \'leathers in a unique manner and is associated with a peculiar set of 

land surface features. (3) The influences on land surface of both relief 

and lithology are partially 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 energy to carry weathered material in suspension. But 

rainfall is equally essential to furnish water to disaggregate consolidated 

material
1 

and to act as a transporting agent. Total rainfall and storm 

intensity are the important climatic elements in the Linea Noroeste region. 

(4) In a landscape occupied by man as long as the Linea Noroeste region ,.,ith 

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 surface. A geomorphic system initially in equilibrium among its 
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elem~nts of rocks, cH.mate1 and slopes has been seriously disturbed by the 

removal of a protective natural vegetative cover, and the mechanical in-

fluences of farm~ng. The net effect of these changes has been to shift 

the equilipL"ium in the direction of greater erosion, which manifests it-

self in the removal of top soil1 deep gullying1 and increased flooding and 

deposition in the lm~lands. 

Field Hethods and Data Analysis 

These forces and agents interact to produce peculiar landscapes and 

surface configurations of slope, local relief, and channel forms in a 

complex environment of land surface evolution. It is the object of the 
\ 

study design to uncover and generalize the patterns, The surface of the 

land can be disaggregated empirically into two sets of variables, macro 

and micro,. The t-"acro-eleroonts describe the broad terrain features or 

physiographic units. The micro-elements describe the more localized surface 

features with which the farmer has to contend directly as he tills the land. 

At each 100 square-mater sample site, data. on elevation, relief., slope, 

ruggednes~1 and soil erosion were taken and recorded on field sheets. The 

scored variables at each site were compared to those at every other site to 

set up unif~rm types lvhose 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 categories1 not 

surface features. But each factor unit is composed of a different proportion 

of the land stn:face ·variables measured· directly in the field. These variables 

"load up" differently on each factor anddefine its composition in terms of 
·•.·'""'" ,· 

The land surface composition of a particular the original field measurements • 

.. 
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site is explained best by one factor. t>lhen all 595 sites are thus examined, 

they cluster or group into factor categories. 'J.'he site with the "closest 

fit" to a factor is used as the reference site and the variables contributing 

to each factor, together with their geographic distribution, reveals the 

patterns of land surface variation in the I.inca Noroeste. 

All o£ the factors taken together describe the ·compositional variation 

for all the land surface samples. It was found1 however, that three factors 

were adequate to describe the system. 

Factor Land Surface Units of Region I 1 Entrada de ~wland 

1. Factor 1 land sm:face units are areas of lo~-t relief, ·low ruggedness, and 
. \ 

loll slopes. Ruggedness scores are less than 51 which means that gullies 

when present, are less than one~third meter deep1 and that there are less 

than five gullies per 100 meter. length of traverse. Associated with 

these features are slopes less than three per cent1 and a relief less than 

two meters. 

2. Factor 2 land surface units are areas of .low relief, moderate ruggedness, 

and slope. Ruggedness scores generally 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 differences of the gully itsel£1 the relief of the sample site is 

generally less than tw·o meters. Slopes in unit 2 rarely easily exceed 

ten per cent. 

3. Factor 3 land surface units are characterized by high ruggedness, high 

relie£1 and high slopes. Taese surfaces tend to be located at higher 

elevations. Ruggedness scores range bet\veen five and fifteen. This means 
.• ····-\o 

that gully counts usually are five to ten per 100 meter traverse, and gully 
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depth is from five to ten meters. Relief l-Tithin. the sampling site usually 

ranges from three to ~lventy meters. The slope of the land surface in 

factor 3 ranges from ten to s~xty per cent. 

Most of the Entrada de Mao Lowland lies within factor units 1 and 2. 

The reader is cautioned to interpret these groupings broadly for within 

tbe at·ea mapped for each unit there are other types. 

Factor ·Land Surface Units of R~gion li, Santipgo Rodriguez Inner Lolvland 

The descriptions used for the Entrada de ·Hao Lovrland may be applied to 

the Santiago Rodriguez_ In.;.er Lowland: In this region, hol·rever, no land 

surface area belonging to factor unit 3 has been delineated. Hence, taken 
.\ 

as a tvhole, the inner lo~vland has subdued land surface· features. lt is a 

region of modest slope, reH.e£, and ruggedness. Again, the reader ia 

cautioned to take a broad view. 

Factor Land Surface Units of Region III, Lower Massacre River Basin 

All three land surface factor units are found in this region, and the 
•. 

description given in the discussion of the Entrada de Mao Lo~tland is 

applicable here. The distribution of the factor land surface units within 

the LoHer Massacre River Basin is interesting. The area of high slope, relief, 

and ruggedness, factor unit 31 occupies almost all of the southern sector which 

lies 1vithin the Central Cordillera. The northern half almost e~tirely falls 

within factor unit 11 lmv relief, slope, and ruggedness, and is associated 

with the Piedmont ~lains and the Hassacre River floodplain. 

Within any major ttnit1 particularly units 2 and 3J 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 ~lates 4a, b1 c. 
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\ 
CLifiATE 

The third major group of variables that affects the potential agricul-

tural productivity of the Linea Noroeste region is climate. , As used in this 

report
1 

climate has two aspects: macroclimate, the. general long-term weather 

patterns prevailing in the 4rea; and microclimate, the localized climate 

variations within the area that occur close to the ground. Although obvi.ously 

dependent on macro influence and forces, it is the microclimate effects that 

impin3e directly on the plant. 

The macroclimatic regimen of the J,inea Noroeste study ar~a is controlled 

by: (1) the complexity of terrain in the northt·restet'n sectol·' of the Dominican 

Republic; (2) the tropical conditions of the island's low latitudinal location; 

and (3) the variability of the northeast trad~ winds l-7hich influence both the 

air mass movement and the storm track of tropical hurricanes I Moistur-e associ-

ated with the maritime tropical gulf air masses and the maritime t1:opical 

Atlantic air masses
1 

is generally brOt.tght in by the trade winds. When these 

moist air masses encounter the hill and mount'ain s lopes1 orographic rain results. 

Dry weather pt·evails where the air is adiabatically heated by descent on the 

lee sides of. mountains, During mid-September and October, periodic ,.,eather 

disturbances occur. These are either easterly waves of slowly moving troughs 

of lm-1 pressure originating within the belt of tropical easterlies, or equatori-

al waves of weak low pressure inclusions forming in the center of the equatorial 

trough which develop into eddies in the tropical easterlies. 

The Linea Noroeste region has a wide variation in annual rainfall, ranging 

. 
from 507 nnn. at Villa Vasquez up to 11 ?79 mm. at Lorna de Cabrera. The areas 

that are sit;~;atcd on the northern side of the valley receive 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 southen1 side of the valley 

receive considerably more rainfall due to orog?=aphic lifting. These 

differences in the amoimt of rainfall are sho1·m in Figure '•· The annual 

distribution of precipitation is bi-modal1 with the t~To wettest pet·:i.ods 

occurr.ing during the months of Hlly-to-June and.September-to-early November. 

'l'he winter months from December until loiat•ch are the .driest in the study 

area. 

The annual range in temperature in the study area is small. Average 

July temperature is 27.5° c., lvhile the average January temperature is 

22.2° c. These constant h:i.gh values throughout the year do not restrict 

the length of g~tving season; hotvevet·, the high temperature ,values do have 

a direct bearing upon "1l\tet• loss by evapott·anspiJ:ation. 

Tho annual march of temperature ~lithit1 the study area is fairly constant. 

The largest a1\~ual rllngo in temperature is 5.6° c. which occurs at Villa 

Vas quo r.. Tho constant h1.gh tcmporntures, in conj\.mction \otith the annual rain­

fnll distribution, porm:lt: three distinct growing poriods: the first from 

Janunry tht·ough April; the second ft•qm Mny throuzh Aucust:; "and tho third from 

September through Daccmbor ,· ~n\ile the intensity of solnr radiation docs not 

impose a direct limitinB rcotraint upon crop t·esponae, its affects upon the 

rate of cvapott·anspiration and availability. of soil moisture are sisnificant 

at the microclitnntic laval. Honea, attention was directed to soil moisture ao 

tho koy mic1.·oc limnt ic po.ramo tor. 

Methods at\d Data Analysis 

In ord1u· to dotal"mine the variations in availnbla soil tnoist:ure in the 

tet\tcm f\\\d to ut:llh.a thh :l.t1ftitlt\:1tl.tJt1 ttJ set up t!Utmttl:! /l1:t.Ms 1 th(! total 

anuual procir,itation mcasu't'ed in millimeters first was averaged over tha 
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numb:::r o£ years of observation for t~n uniformly distributed meteorological 
I 

stations, occurring both within the study area and along the periphery.* 

Isohyet lines were dra~m about these stations to conform ~1ith those for all 
.. 

of the D<;>ntinican Republic, which ~-1ere published by the Servicio Hcteorol6gico 
I 

Nncional. The pt·ocfpitntion values for each sampling site \<lere 1 road directly 

from the synthetic isohyet m.'lp. Noxt1 th.e available soil r~o:f.sture for plants 

was calculated thcoret:ically in tho follo~·rinz manner, A progra~ for the IBH 

7091• digital computer :was .used- to cnlculate the monthly ~1nt:er budget for any 
) 

I ' . ~~~r 
statiOl\ in the northet't\ hend.sphore using a nlodificd 'l'hornth\Mite tOO tho~/ The 

computntiol\S are similar to those described by 'l:l)ornthHaite an4 Hather (T~nbora-

tory of Climatology, Contreton1 Ne)'l Jersey, U.s ,A., 1957). 'Hcan rnonthly 

temperature and precil'>'i.tatio~t values, station latitu<les 1 elevation~ and water-

holding capacity of the soil \<lore used as input dnta. 

'l.'he 'l'hornthwaite method defines a relationship bet~·ren actual evapG>· 

trrmapb:atiol\ and potont:inl evnpotrnnapit·ntion. Eval'otram:pirntion is the 

combined vnpo1.·bntion of \-lntor frou1 tho ooi11 from frea 't-7ater surfaces ott the 

soil, or from the plant through special cells after bci.ni absorbed by the roots. 
I ' . 

~·he potential evapotranspb.·at:ion is tho an,ount of water that 't-lould be. vaporized 

if wnter is non-lhniting; that is1 euf.Hciont 't-1£\tor ahtays is nvnilable to 

sntis!y the bio-climntic cnpncity to vnporize .wntor. 'l.1le nctunl cvapo­

tt·nnspirntion iA tho amount of water that actually is vaporized under l:ield 

cot\(lit:iOtlS. \vhonovor tho act:\tl.\1 is lou thnn tho potot\t:inl1 a mo1.ncuro 

,\oCicioncy ox:l.t~te that o1.n:tnUo lllAnt uro,o~tb. 'L'ho rot:nroativo oUcct o~ tbo 

uoficiot\C)" dopondo Ot\ ito sovot•ity and tho length of timo tho, condition 

" 

. '•"' * Tho. sll:ntiOl\8 used wdro Dnjnbot\1 I..ou"1 de'. Cabrera, ljfoncion, Monte Crioti1 .. . ' 
l'epillo Salcedo, 5nnt:lago1 Satltiago Rodriguez, San JoG~ de Las Hatas1 

Vnlvcrdo, eu.<l Villa Vnsqq~z. 
I, 

I 
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prevails.. All. the moisture that is eva.pot:ranspired comes from precipi-

tation, but the .portion that passes through the plant reaches it via the 

soil. Soils vary in the1.r available moisture storage capacities, largely 

because of differences in depth and texture. During periods of low rain-
', 

fall, the stored available soil moisture is dra\m upon to close the gap 

bctlveen potential and actual evapOtl·anspiration. For a time this prevents 

the appearance of a mo1.sture deficit. As the stored soil moisture declines, 

it becomes increasingly unavailable to the plant., and the difference betHeen 

the actual and potential evapotranspiration widens. Ultimately, the moisture 

content of the soil may reach the ~-tilting po5.nt and the plant dies. It is 

the objective of the Thornth,.,aite ~thod to trace the rati~ between actual 

and potential evapotranspiration on an annual, seasonal, or monthly basis. 

Figure 4 shows these relationships graphically for selected stations by 

climographs. 

The soil moisture held in storage within the root 'zone lvas calculated 

for various combinatiotts of different. textural and depth classes of soils, \I 
I I 

and for various depths of the plant roots for the ten meteorological stations\ l 

of the study area. Th<i theoretical values for available soil moisture held l 

in storage were then converted to per cent of maximum available moisture for 

plants during each of the tht·ee growing periods. This gave a relative measure 

of the available water in the plant root zone compared with the maximum hold-

ing capacity of the soil. 

T11iessen polygons were constructed around the meteorological stations to 

outline the extent 9f ,thf;~ area controlled by each station. By superimposing 
9 

the polygon grid over a map showing the location of the sampling sites,· with 

kno\m soil texture and depth classes, it was possible to determine the theo-

retical soil moisture value for any sampling point in the study a.rea. 

'· 



At each sample site, data t-1ere available on the follmving macro- and 

microclimate variables: (1) total annual precipitation; (2) average soil 

moisture for the year; and (3) soil moisture in per cent of maximum avail-

able moisture during E.E:£.!! of the three grm·ring periods. A factor analysis 

machine program processed these five variables for the 595 sample sites 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 cU.mate as measured 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 dra~1n to subdivide the Linea Noroeste region. 
\ 

:The areas that have been de linea ted are factor cHmatic' un:i.ts each composed 

of the climate variables ~>~hich have "loaded up" on the factor and describe 

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

study area. 

Factor Climntic Units of the Linea.Noroeste Regiol! 

1. Factor Unit 1: Dry ~hroughout the Year 
. . 

This unit is located along the northern part of the Entrada de Mao Low-

land. The annual rainfall is sporadic'and ranges from 800 to 920 milli-

meters. The constant high temperatures cause the potential-evapotranspiration 

to exceed precipitation during all months of the year. The soil moisture in 

storage in the plant root zone is close to the wilting point level. On the 

average, the water deficit ranges from 95 to 100 per cent of the water-

holding capacity o£ the soil. 

2. Factor Unit la: Dry Eleven Honths of the Year 

This unit occurs if). .. ~he northern part of the Lower Massacre River Basin, 

centered on Pepillo Salcedo. The total annual precipitation ranges from 
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\ 
1050 to 1150 millimeters. The t•ainfall is well belo~-1 the potential.:. 

evapotranspiration leve 1. for e !even months of the year. This is an 

area of high water deficit "'here the soil moisture ranges from the 

wilting point to approximately 10 per cent of water-holding capacity 

of the soil. 

3. Factor Unit 2: T\·lo Hoist Periods 

This unit covers most of the Santiago Rodriguez Inner Lm-1land and 

extends into the Entrada de Mao Lol-lland. The total annual precipi• 

tat ion ranges as high as 1000 to 1120 millimeters; het.;evet·, it is 

highly seasonal. THO dis tinct moist periods occur \-Then. the precipi­
\ 

tation e~ceeds potential evapotranspiration. Tho second growing 

season which occurs from Nay until August is the ,.,ettest season. The 

soil moisture in storage in the plant r·oot zone during this period is 

on the average at 60 per cent of its maximum available level. During 

the third and first growing seasons, which -occur from September until 

April1 the soil moisture' is about 18 per cent of the maximum soil-

holding capacity. 

4. Factor Unit 3: One or Two Intermittent Hoist Periods 

This unit occurs in the western part of Santiago Rodriguez Inner Lowland 

and extends across the central part of the Leto~er }lassacre River Basin. 

In the area centered on Dajabon, the total annual precipitation ranges 

from 1250 .to 1400 millimeters. Most of the precipitation falls in two 

periods, from mid-Hay through June and also during October and November. 

The availability of soil m~isture increases from north to south. During 

the wettest grolving season, the soil moisture in storage is from 45 to 

50 per cent of field capacity. It daclin~s to 8 to 12 per cent during the 

dry periods. 
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S. Factor Unit 4: ~vet throughout the Year 

This unit is located in .the southern part of the lm·;er Massacre River 

Basin. The total annual precipitation varies from 1700 to 2100 milli-

liters of rain per year. Nuch of this rainfall is orographic due to 

the higher elevation. A moisture deficit does not occur during all 

three grOi-ting seasons. The available soil moisture dl·ops to 78 per 

cent in areas having find sandy soils during the first grOi.;ing seasons 

and increases to field capacity during .the second and third gro~.;ing 

seasons. 

The factor d~scriptions should be interpreted conservatively; that is1 

' 
the statements of moisture content should read as "on the average." For 

even where severe moisture deficits are sho\m1 plant life exists and farm-

ing is ~arried on during the wet season, though it is hazardous and of low 

,productivity. The geographic distribution of the factor climate unit areas 

·are shown on Plates Sa, b1 c. 



.. 
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MULTIVARIATE AREAS OF UNIFORM AGRICULTURAL POTENTIAL 

In the previous cl1apter1 three types of separate areas have been 

dev~toped independently through the use of factor analysis. F;ight factor 

unlts were discovered and mapped for the soils of the Linea Noroeste 

regio.n1 three for land surface, and five for climate. Howaver, in nature, 

soil, land surface., and climate associate in space as compont::nts of the 

natural environment affecting the potential agricultural activity. Hore-
. \ 

over, the use of land for agri<7ultul·e does not involve the variables 

. separately or even sequentially, but jointly and concurrently. The farmer, 

as he cultivates the land_, is confronted holistically by all of themacting 

and interacting simultaneously. 

From th~ utilitarian view point the question is., hew many agricultural-

ly significant environmental states., compos~d of combinations of the three 

variables, can be identified in 'the Linea Noroeste region? In other words1 

how can the landscape of the region be classified into units of agricultural 
.. 

potential, by type, and geographic locationZ Given the three variables, 

soil, land surface, and clin~te, and the factors for each, it is possible to 

have a theoretical maximum of 120 landscape types in the Linea No.roeste region.* 

Not all of these, however, \iill 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 cl'imatic factors, the 
probability of ar.y three in combinations, or the simultaneous happe"ling of 
three events, is l/8 x l/3 x. 1/5 ... 'J./J20; that is, the total possibh~ ·number 
of combinations is 120 • 



-43-
1 

\ 
not a simple mathematical system, or because the region does not exhaust 

all the possibilities. For example, it ~·10uld be very unusual to find 

poorly drained soils subject to flooding on a steep and rugged land sur-

face. Thus1 the classification task is simpler than appears at first 

glance. 

Method of Formation 

A map of the simultaneous geographic occurrence of the three variables 

in the Linea Noroeste region vms prepared by overlaying the separate factor 

maps for soil, land surface, and cli~ate on eacl1 other and ~racing the 

·boundaries of unique combinations on a base map. 1'he res~lt is a multi-

variate factor map of landscape types. Each delineated area represents the 

peculiar joint occurrence of soil, land sur£ace1 and climate according to 

the factor groupings of each. The separate factors, it \>Till 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 landscape type map 't>~as simplified and trans-

formed into a map of areas of uniform agricultural potential by rating each 

factor unit for each variable according to its constraining effect on farm-

ing. Because of the semi-reconnaissance level of the study, and the limited 

agronomic information available to the investigators, the map is somewhat 

( 
I 
I ' 

\ 
\ 

\ 
\ 

generalized. The factQr rankings are subjective. Hence1 the ~ap is intended 

to serve as a guide to the location of areas of varying agricultural potential 

in the Linea Noroeste region, especially to those that merit more intensive 

study. 



ill 

-44-

Ranking of Areas 

'l'he ratings of each factor unit for soil1 land surface, and climate, 

together with a description of the factor are given in Table 2. Thiee 

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

extended the vT.l.":i:ters 1 present knoHledge in an unv1arranted manner. As 

indicated above1 the agricultural ranking of the factor units for the 

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

form that was more useful to planners. Thus, for example, eight soil 

factor units are collapsed into tl~ree rank classes; five climate factor 

units are collapsed into three rank classest and three land surface factors 
\ 

are retained as three.rank classes. 

In this manner the multivar.iate factor landscape type areas v10re con-

verted into areas of uniform agricultural potential. Plates 6a, b1 c shows 

· their geogr~phic distribution. Each delimited area is marked with a three-

digit symbol giving the rank of that area for the agricultural potential of 

its soil1 land surface1 and climate. The symbol order is Soil - Land Surface -

Climate. Since the agricultural productivity of an area' depends upon the 

·simultaneous use of all three variables, any oi1e 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 factpr 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 o£ "3" for any 

variable is an area of lO\V' agricultural potential, unless the appropriate in-
.. , ...... 

vestment is made to rc11.1ove the limiting aspect of nature. Once a dec:i.sion has 



Table. 2 FAC'£0R .RANKS 

SOIL 

Factor Unit Factor Description . - --- . --
'1 deep, fine-textured, plastic alkaline soils 

_i --i 
la deep, fine-textured, plastic moderately 

I 

'I 
alkaline sons 

I, 

2 shallm.,, stony, fine-textured soils less than ! 

I 
183 centimeters deep 

-
.! 

3 medium- to coarse -textured, deep alluvial 
! 

floodplain soils subject to flooding 

. ~I . ' ~- ~-· 

4 . 

5 

6 

j 

I 
7 

! 

I s 

1 

neutral-med:i.um to coarse~textured, excessively 
drained upland soils 

deep, heavy-textured alluvial floodplain soils 
subject to flooding 

-~ --
slightly acid, coarse- textured, shallow upland 

soils 
-

neutral, medium-textured, shallow upland soils 
with heavy subsoils 

. ' . ' 

<'li'U ~-f.</\.~' .J--c _.P..<_tr-IJJ' .... X t ·y ....-i-u .r.-..1'.-~ /..1..~ l-~ ·- J J /l ,.tJA."-t.-'"'-llv·"~ ~...__< ... ~ ::..., 

LAND SURFACE 

level land surfaces of lmv- relief, lo~., rugged­
ness, and lm·r slope 

' 

-

~------------------+----------------------------------------------------1 
2 

3 

l 

la 

I 
2 I 

L 
' 

i 3 
I 

I 

i 
4 

.J---

undulating land .surfaces of lo't-1 relief and 
moderate ruggedness and slope 

hilly land surfaces of high relief, high rugged­
nes~ and high slope 

CLlHATE 

climate dry throughout the year 

climate dry eleven months of the year 

wet-dry climate with tlvO definite moist periods 

. 
wet-dry climate with one or two intermittent 

moist periods 
-

wet climate moist throughout the year 

-- ___ .,._..... ___ . 

Factor Rank Score 
(1 = roost favorable) -

1 

1 

3 

3a 

. 
2 

3a 

-
3 

2 

---- .. 
,-

/. 

(a ::: alluvial soil requi 
ing drainage and flood 
protection) 

1 

2 

3 

3 

3 

r-

-
2 

2 

-
l 
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been n~de to do this, the agricultural potential may be altered drastically. 

Wben 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 soils in their natural 

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

a subscript "a" to indicate their high agricultural potential if diked, 
I 

drained, and irrigated. Such areas are among the most productive presently 

farmed in the Linea Noroeste reg:i.on. 

There are virtually no natural limitations on agricultural use 
\ 

·encountered in the study area that human ingenuity and. engineering skill 

cannot i11itigate. It :i.s 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 land surface, soil, and climate 

responsible for the downgrading'of areas in the region already have been 

overcome~ either in the area itself or e.lsewhere in .the world. Of nature's 

resistances to agricultur.e in the Linea Noroeste, the ones that appear to 

give the greatest returns to ameliorating investments are aridity and flood-

ing. Irrigation and flood control are the complementary techniques. Diffi-

culties of soil (physicalJ c~emical, depth) and difficulties of land surface 
• 

(slope, ruggednessJ relief, et·osion) appear to offer uneconomic investments. 

The geographic location and areal extent of the different landscape 

units are .l;lhOiVt\ on Plates 6a1 b1 c1 Hultivariate Land Units. Soils ranked 

11111
1 first digit, are· rl!garded as the best soils in their natural stat~. 

They are deep and fine-textured. 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 aualyses1 is the possibility that some of the 

c;oils may be saiiue or alkalt soils, because of the many pll determinations 

~round 8.0. The content of soluble salts or the degree of alkalinity may 

be high enough to interfere t'lith the gro•-1th of crop plants. Neither can 

,.,e conullent on the fertility status of these or any othet· soils. Also1 

these and many other upland soils sho,., evidence of serious soil erosion, 

even though they have been farmed intermittently through the years 1 and 

presently are covered by a dense vegetative cover. 

Even if the doubts about the rank 11111 soils \·lere Haived and their 

Association with favorable land surface fe'atures assumed, serious limitations 
\ 

·of climate would restrict their use. They are found associated. \•lith a 

climate that is dry virtually, throughout the year, rank "3". The n,ajor 

environmental constraint to higher productivity is the moisture deficit. 

Large areas of soils ranked "3a 11 are also shown on Plates 6a1 b1 c 

associated with a level land surface, rank "111
1 .and dry or ·wet-dry climates, 

ranks 11211 and 11211
• These are sites t.;ith deep recent alluvial soils with poor 

drainage that are subject.to stream flooding. Flood protection1 drainage, 

and 'irrigation, developed concurrently make these areas highly productive by 

overcoming soil and climatic limitations. 

The rerilaining areas have qualities that are seriously deficient in one 

or more of the environmental variables. 'Hany of the soils are shallow and 

stony, rank 11311
; much of the laud surface is hilly, rank "3"; and the climate. 

is frequently wet-dL·y or dry, ranks 11211 aqd "3". Where one variable is 

favorable1 the others usually are severely restrictive, so that the pot.ential 

productivity of the area is low. For example, deep neutral upland soils, 

rank 11211
1 are found with wet-dry to wet climat:cs1 ranks 112 11 and "1"1 bat they 

. . 
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are associated typically vrith a hilly land surface, rank 11.3 11 • The erosion 

bnzard is high a:n.d po·Lelr~i al produc ti vl ty is lou, Terrnce s, bench terracing, 

contour farming, mineral fertilizer,. and pasttU'e manage1:1ent are practices 
. \ 

employed clsm·rhere .that. may ma.'<:e it possible to _farm these areas 1(10l'e eff-

icicn·tly. But. they are no.t vrldospread1 or may be uneconomic, in the Li.nea 

Noroeste l'egion, 

\ Areas of '\-Tet clitnate, moist tlu'ouehout the year, rank 111 11 , are 

assooiat~d irl. th hilly ltmd surfaces, rank 11311 , and shallon up18.nd soJ.ls 1 

ran1cs '1211 and 11311 • It seems best to utilize these areas for the production 

_of water, vrood products, and tree crops. \fu:i.lc maintnining the land in 

forest, streflln flo't·T l-JOuld be regularized, flooding curbed, dem and Cl:mal 

siltation reduced, and aquifers recharged, 

The a1:•eas of llgrlc ul t.ural potential that h:tve boen deJ.iTtJ.i. ted on 

Plates 6a, b, c include subareas of contrasting features, Alluvial soils 

and level surfaces arc scattered throughout r>.ll regions, TI1e uplands, gen-

erally charC~.cterized as hilly, contain undulating and level surfacer;.· 

ShnlloH soil units encom1:>ass deep soils and vice versa.. In total, these 

anamolies l\dd signii'ic~.ntly to the overall potential agricultural producti-

vity of the 1inea Noroeste region, This study can do no more than sugges-t. t.".--: 

their presence and call a:litention to their ilnportance, 

The geographic inform~tion on tho ra.nked multivarh.to environ·· 

mental factor land units are statistically stUr:ma.rizcd in Table 3 for e2.ch 

rqgion separately and for the entire study area, The co1nparison of the land 

un.t ts E~ppl~.es only to tha J,inea. Noroesto region, Seventeen different ranked 

land uni. ts aro identified in the table and the apprm::lr-1a te a1'Nt. of each is 

given. Tl,blc h is a cenernl compoSite sUJlu:tal'Y for t-he entire study nr,~a. 
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·Table 3 MNKBD 1-lULTIVARIATE EHVIP..ON11C;NTAL FACTOR lAND UNITS 
\ 

rur.uou I 

S;ylnbo1 Description 

1 .. 1 ... 2 deep sil t.y alkaline solls on 
level land surfaces i-d th '\-iet .... 
dry clin01.to 

l-2-·2 deep silt.y nlkal:tne soils on 
undulatinz land su:t~faces "trl th 
wct.-dr:y cl:imate 

1-2-3 deep silty alkaline soils on 
U..Ddulating land surfaces ui th 
dry c l:i.lna to 

1-3-2 deep silty alkaline soils on 
hilly lancl surfac~es ui th '\·ret,-
dry climate 

·1-3-3 deep silty alkaline soils on 
hilly land Sllrfaccs vrith dry 
climate 

3-1-2 sh<:'.lloH soils on level h.~nd 
su1•faces vr.i. th '\·ret-dry cli·mate 

3-2 .. 2 shallou soils on tmdulat:i.ng 
land surfaces '\·rl th uet.-dr.r 
climate 

3-2-3 shallo, .. r soils on undulating 
land surfaces vrl th dry 
cl:ilnate 

3-3-2 shalloi'T soils on hilly land 
su1•faccs vrith l-1et-dl7 eli-
n1ate 

. 3-3-3 shallo·,r soils· on hilly ln.nd 
wl th dl"'J climate 

3a-l-2 alluvial soiln on level land 
s\u·.face ul th vret-dry clir.tate 

3a-l-3 alluvial soils on level land 
surface wl th dry cJ.im-'J.to 

Constraint. 
• 

:moisture deficit and 
poss:tblo soil alkali­
ni,ty 

moisture d.cfic:tt ro1d 
possible soil E~J.kali­
n:tty 

Aroa, sq. kHl. 

28 

high moisture dcfici t 13 
and poss:tble soil 
aJ.kalirli. ty 

moisture deficit 1 slope, 8 
nnd. possible .soil alkali-
n:tty 

high mo:i.sture d.ofic'it, 17 
slope, and possible soil 
alkalinity 

moisture deficit, soil 2 
depth 

moisture defic:i. t, so:i.l 18 
depth · 

high moisture deficit, o.S 
soii d0pth 

moisture d.efic:i.t, slope, 10 
soil dopth 

h:i.gh moisture dcfici t J 2 
slope, so:i.l depth 

mo:ts ture deficit, h 
flooding 

high moisture deficit, 8 
flooding 

I 

I 
I 

I •· 1, 

! 
I, 

I 
I 
I 
r 
I 
I 
I 

i 
I 
I 
! 



Table 3 ru~.UK~b llU.LTIVAilTA'f}~ EN'V.CUmfrll!:1·1TAL FA0'£0R l..AND UNITS 

REGIOH II 

Symbol .Description 

1 ... 1 .. 2 tloop loomy soils on le-vol lP.nd 
S\t't'f.accs \n.th Hct •. dry climate 

l-2-2 deep lorony so:i.ls on undulating 
land surfaces vr.i.. th '\-Jet-dry 
cl1.mato 

i 

2 ... 2-2 rJ3diUH\. textured shalloi·T to deep 
f!O:tls on tmcluJ.ating land s'l.lr­
fnces r;:t th rret ... d:t-y climc'1.te 

3-1 .. 2 sho.lloH loanry soils em level 
land surfa.ces uith uet ... dry 
cl:i.ma. te 

3a-1 .. 2 deep sc.ndy alluvial soils on 
level land surfaces rri't;h •·ret­
dry climate 

Total 

.. ~;' 

Oonstre.int 

mo:i.stt~re deficit 

mo5.sture doi'ici t 

I 

moistu.'t"e deficit 

moisture deficit, 
soil depth ' 

moist,~'t'e dei'ici t 1 
flooding 

•, 

Area, sq. lotl., 
< 

78 

169 

20 

12' 

36 

315 
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Table 3 fu\NKED HULTIVARIATE ENVIRONHEN'fAL FACTOH LA.ND UNI'i'S 
\ 

RIDIOH :CI:t 

Syr11bol Description 

1 .. 1-.3 deep silt.y alkaline ~o:i.ls on 
level land surf~ces ui th dry 
climate 

1-2-2 deep sil t;y alka]j.ne soils on 
undulating land surfaces with 
l-ret-dry climate 

. 2-2-2' 

3-1-.3 

3-2-2 

3-2-.3 

.3-3-1 

3 .. ) ... 2 

mediuu toxturt;d shallou to 
deep soils on level land sur·· 
faces rti th -vtet .. clry climate 

I 
I 

medium textured shallo>·T to 
deep soils on tmdulating land 
surfaces Ki. th \·ret. •• dl-y climate 

shallou soils on level land 
surfaces vri th dry clitnnte 

shallou soils on undulating 
land surfaces ui th \·roth.dry 
clitnatc 

shallOi·T soils on undulating 
land surfe.ces ui th dry 
climate 

sh~.llou soils on hilly land 
surfaces ul th rT(;:It climate 

shallo:·r soils on hilly l~tnd 
surfaces '.z:i th \T(fl:r . .dl"'J 
climate 

.3e~.-1-2 d~ep heavy alluvial soils on 
level land surfaces Hi th wet­
dry cl:i.mu te 

)a-1-3 deep heavy alluvial soils on 
level land surfaces \·rl 'l.;h dl'Y 
climate 

.Total 

•' 

Constraint 

high mo:i.stm'e de -
ficit nrrl possible· 
soil alkalinity 

ntoisture deficit and 
possible soil alkaJ.i­
nity 

moisture deficit, soLl 
drainage 

moist.m·e deficit 

high moisttu•o defio'it, 
soil depth 

moist.m•a deficit, soD. 
depth · 

high moistut•e deficit,. 
soil depth. 

slop~, soil depth 

moisture deficit, steep 
slope, soil depth 

moisture deficit, flood­
ing 

h.i.gh l:ioistu.re defioi t, 
flooding 

\ 

20 

2 

9 

8 

14 

lu 

12 

12 

2 

169 
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~'able 4 
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GENERAL SU}tyJARY Oli' LAND QUA4C~?Y 

Descl.'iption Area, sq. km, 

l .. 
2 .. 
3. 
h. 

'· 6, 
7. e. 
9. 

lO, 
ll,. 
l2. 
l3. 
lh. 
l5. 
l6. 

).7. 

).8, 
19. 
20. 
2l, 
22, 

Good soils, good land stu•fo.ce, poor moisture 
Good soils, good land se.u•.face, ver-y dry 
Good soils, medi\l.i"'l land surface, poor moisture 
Goocl soils, m~dium land surface, very dry 
Good r;oils, poor land surface, poor mo:Lsture 
Good so:i.ls, poor land surface, very dry 
Fall• soils, good land surface, poor rnoisttn.'o 
Fnir soils, Medium l? .. .nd surface, poor mo:.i.stm·e 
Very poor soils, good land surface, poor moisture 
Very poor soils, good land surface, very dl'Y 
Ve1~y poor soils, good land surface, poor moisture 

. Very poor soils, good land surface, very dry 
Poor soils, poor J.and surface, good moisture 
Very poor soils, poor land surface, poor :moisture 
Very poor soils, poor land sul'faco, very dry 
Very good alluvial soils (if flood protected), good. ~and 
surface, poor moisture 
Very good. alluv:i.al soils (if flood protected), good land 
surface, very dry 

l'cripheral areas not suited for cultivation 
Poor and very poor soils 
Alluvial soils requiring flood pro·~cctiorl 
Steeply slop:tng land surfaces 
Dry and very dry areas 

. ....... ~ 

.93 
1> 

. \217 
. J.3. 

8 
1'7 
3h 
22 
J.h 
9 

26 
lh 
hl 
22 

2 

52 

lO 

200 
119 

62 
6) 

507 
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VI 

CONCWSIONS A.l-iD RECONHENDATIONS 

The classification of land according to its potential agricultural 

productivity is, part s"cience and part art. The science consists of an 

examination and evaluation of the natural environmental parameters that 

affect the behavior of ecosystems. The art consists in making intuitive 

judgments about the separate and joint influences of the parameters on 

the biologic productivity of altered or new agricultural systems. There 

\ 
are as many potential, use-capability, or recommended classes for a 

specific area as there are possible crops and methods for producing crops. 

Productivity estimates based on actual production that havn been recorded 

-for an area1 or inferences from similar areas, do not give the full range 

of potential for the area under study, because they neglect new methods 

and systems. Indeed, to rule out innovation is1 in one sense, to defeat 

the object of studying the agricultural potential o£ an area. 

In assessing the agricultural potential of the separate areas of the 

Lines Noroeste region, the writers have been guided by the ecological 

principle that each subarea is a site reflecting the integration of all 

landscape features. Land is a complex of many characteristics, more or 

less interdependently t'elated. When man and his schemes are introduced 

into the system, the interdependency may be altered and disturbed, some-
•· 

times critically, but in rio way is it bypassed. 

Th~ three features significant in the growth of plants _that have been 

stressed in this study·a~e soil1 land 6urface1 and climate. the soil affects 
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the supply of nutrients and moisture to plants, and provides support for 

roots. The latl.d surface affects cultural operations, erodibility, and 

drainage through slope, relief, configuration, and stoniness. The clirnate 

supplies the plant with .light and heat energy, rainfall, carbon dioxide, 

nitrogen, and affects the moi~ture balance. · 

Despite the soundness of this approach, the report does not make a 

final assessment of the agricultural potential of the Linea Noroeste 

region. Instead, it directs attention to the natural 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 land . in th~ past, and are 

likely to affect its use in the foreseeable future, have not been considered 

explicitly. The present and potential productivity of land would need to be 

evaluated for various crops under various methods of management and under 

various economic conditions. Without knowledge of yield response, cost-price 

relationships, developmen.tal :J.nvestmant costs, and farm organization, it is 

not possible to designate the ~otential of'areas, 

Profits from changes in farming systems are determined by, (1) yield 

increases from various crops1 (2) prices received from such crops1 (3) the 

cost of. applying the nelv methods, and (4) all other costs associated with 
.. 

the new system of production. Reliable data often are not available on 

changes in input costs and output prices. Nor are the cost-price relation-

ships knm.;n that will prevail in the future. Because of this lack of 

knudledge1 the evaluation of the potential of different areas must be based 

on the best judgment of the observer, considering the suitability of the 

soil for various crops., ··the productivity response of the site. to new crops 



and methods, and the presence or absence of such limitations as poor 

drainage, high slope, and shallow profile. Ho•.Yevcr1 .even if such 

info1·mation is not available, it is still possible to make "educated" 

statem.ents about the ranking o£ various area.s, and say that under 

most conditions and for most crops some areas are more likely to yield 

a profit from a particular innovation (as irrigation) than 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 ~ the potential. 

It seemed desirable, however, to exclude them in order to avoid confusing 

inherent site factors l-lit:h external infhtences affecting the degree to 

l'lhich the site can be developed economically • 
. 
The basic assumption of the educated judgn~nt £ollo\ved in reasoning 

that some areas are likely to yield greater returns than others from given 

inputs is that the best is likely to remain so. That is1 the better site 

probably will yield a greater net return from a given investment than a 

poorer site, ~ven though both are likely to be profitable. A poor soil may 

be made fair or even good with irrigation, but.net gains probably wi!l be 

greater from making better soils even more productive with irrigatlon. There 

are
1 

of course
1 

exceptions to this assumption that depend on the nature of 

the constraint, and the planner needs to be alerted. The response of poorly 

drained alluvial soils to flood protection is an illustration. Another 

factor that m"iy be significB:nt to the evaluation is the recognition of joint 
. . 

economies and extended benefits from certain investments • 
••. .... \o 

This report has uncovered and pre~ented a substantial amount of infor-

mation on the physical geography of the Linea Noroeste region that is 
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essential to the assessment of its agricultural potential. Because of 

the semi-reconnaissance informational leve11 the report is not intended 

as a project planning or feasibility study. Nonetheless, the writers 

conclude with the following specific recommendations.· 

1. That the deep, fine .. textured silt soils· of the undulating lm.,..-

lands (factor l and la soils} be examined more clonely. There are large 

areas of favorable land surface idle in this area presently covered with 

a dense thorn thicket vegetation. Photo VI-1 sho':-ls an overvie~.,.. of the 

area and Photo VI-2 gives an interior view showing the forbidding vege-
. 

tat:i.Ot\. On the other hand
1 

Photo VI-3 shows an open cleathl.g recently 
' . 

farmed1 and Photo VI-4 sho~1s a commercial sisal crop adjacent to a thorn 

thicket forest in the background. The illustrations show that the simple 

appearance of the land may be misleading. In some places the soil has 

suffered from erosior1 while elseHhere it may contain an indurated lens. of 

siltstone, as shotom by Photos VI-5 and VI-6. The so~ls also tend to be 

highly alkaline, and this feature should b~ investigated. The availability 

of water for irrigation should be explored. 

2. That all alluvial sites should be studied and mapped more thorough-

ly and considered for flood protection, drainage, and irrigation. Specifi-

cally1 the unused portion of the floodplain of the Lo~ver Massacre River, and 

the smaller dispersed alluvial sites in the undt)lating lowlands merit further 

detailed study. 

3. That the upland hilly areas be mapped in greater detail in order to 

identify, locate, and evaluate the level areas of favorable soil included 

within them. Photo VI-7 shows a likely site. . .... ----~ 
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Photo VI .. 3
1 

Recently abandoned field. 
Photo V1·41 Sisal ct:op; note thorn 

thicket in rear midground. 

Photos VI-11 2, 31 4 

Viewsof the undulating lmrlands, sho\~Ting contrast­
ing uses and mislending landscape impressions of 
agricultural' P?tential • 
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Photo VI-5
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Erosion and compaction. of silty soil. 
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Photo Vl-6, Indurated lens of siltstone. 

Photos :VI-5, 6 

Two so"'11 limitations or. the silts of 
the undulating l~~lauds. 
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l'hoto VI-7
1 

Level area within complex crystalline hills. 
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Photo VI"8
1 

Farming ou steep cuesta slope and summit (background). 
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· 4. That upland areas of steep slopes be identified l·lith a view to tak-

ing them out of crop production. Consideration should be given to a re-

forestation program and the care of the l-latersheds for the production of 

water under conditions that would reduce flood hazard and siltation. The 

·farming of slopes of 60 per. cent and higher, as sho'm in the background of 

Photo VI-8, requires large labor inputs and yield meager returns, ,.,hile caus-

ing diseconomies at lower elevations. 'l1:iis labor is available at a lo~o~ 

opportu.nity cost, and an effort should be made to shift it to. the more pro-. . 

ductive agricultural areas as they are opened; or the people may be transferred 

out of agriculture. Ho\vever1 the programming of these chang~s should be 

accomplished so as to minimize social and economic dislocation. 

5. That the soil samples collected by our ~ield party be analyzed to 

obtain more complete information that may be useful in the evaluation of the 

study area. 

\Vhile the report has uncovered much information Oil the natural environ-

mental factors affecting potential agricultural productivity -c;vithin the Linea 

Noroeste region1 it does not· claim to provide a definitive answer to the 

question1 what is the agricultural potential of the region? Indeed, it possibly 

raises more questions than it ans'lvers. This should come as no surprise because 

it is a first effort to systematically present the physical geography of a long-

settled under-utilized area. 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. REVIE\V OF PREVIOUS RESEARCH AND GEOLOGIC LITERATURE 

Numerous scientists have focused their attention on the Cibao Valley 

region and have studied the rich molluscan localities of Hiocene age en 

the Yaque del Norte River and its tributaries, the Hao1 Gurabo, Amina1 and 

Cana (Chapcton). The igneous and metamorphic rocks of the central mountain 

range, bearing varying atnOttnts of iron1 copper; nickel, and gold, have been 

mined· since the pre"Columbian period. Ho~1ever1 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 l~ith the Miocene 

formations. 

T.S. Heneken (1853) published a brief geologic description of a portion 

of our study regions and listed fossil faunas within the Cibao. The reports 

of Gabb (1871
1 

1872, 1873, 1881) are comprehensive descriptive works on the 

geology of the country, but are mainly of historical interest. Maury's 

studies (1917
1 

1918, 1919) pt·ovide the very ·basis for defining formations 

\-lithin the Hiocene found withi':l our Region 11 and the eastern portion of 

Region II. The publication of Vaughan.~ al. (1~21) contains a lvealth of 

information on Tertiary rocks. Few metasedimentary and plutonic igneous 

rocks are described and type localities cited h~tlveen Santiago Rodriguez, 

Dajabon
1 

and Restauracion. The Bermudez study (1949) is the most recent, 

comprehensive paleontological reference on the 'Hiocene and covers portions 

of Regions land II. Weyl's article (1948) presents an accurate1 small"scale 

regional description of the metamorphic and igneous rocks of the country. 
t ~""'· 

Unfortunately, his maps .a·r.e so small-scale that the reader s intepretation is ( . 

sometimes liable to question. 
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Research Project of Princeton Universi,ty 

adds a ~1ealth of detailed information to the hitherto little knoHn geology 

of the Cordillet'a Central. Hhilc outside the limits of our three regions, 

the reports of Bo'i7in (1960) and Palmer ( 1963) have enabled us to identify 

and extend \'lestl7ard1 metasedimentary and igneous plutonic rock units border-

ing the Santiago Rodriguez/Dajabon region, and southern portion of Region Ill 

lying bet~·leen Juan Calvo1 Lorna de Cabrera1 and Capotillo. 

At present, a semi-reconnaissance geological field program is being 

carried out by a group of Japanese scientists, notably from Honcion to 

Dajabon., \vhich is along and south of. the Region II southern -boundary. In 

\ 
-addition, the OAS-CEPAI, group has recently compiled a reconnaissance soil 

association map at a scale of 1:2501 OOO .. of the Dominican Republic, which in-

eludes the area covered by this report. 

A bibliography of the geo}.ogic literature is ·included in this appendix. 
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APPEHDlX II. CARTOGRAPHIC FIELD AND lABORl!.TORY HETHODS 

A period of six months •·1as spent during the summer and fall of 1965 in 

obtaining air photo and map coverage, annO.tating the photographs, and review-

~ng the existing literature. In addition, a period of f:ive months was spent 

in the Cibao Valley durirtg the winter of 1965 and spring of 1966 in preliminary 

field reconnaissance. 

Nost of the field geologic and morphologic mapping for this project \·1as 

done on aerial photographs taken by the U. S. Army Air Force in 191~8, and printed 

at a scale of approximately 1:1-J.O., 000. Transfer of geologic features from the air 
\ 

photographs to the respective Army Hap Service Series E733 and E034., 1:501 000 

topographic and photomaps '"as accomplished in the folloHing stages. 

First, in areas of slight to moderate relief, an overlay was prep~red for 

radial line con~ilation by plotting ground control points, center points, and 

six pass points for each photo. Field data were rectified and transferred at a 

1:1 ratio. Rectified data were then reduced to a scale of 1:501 000 and plotted 

on the Army Hap Service maps which· served as our base, using a Saltzmann P-1414A 

Vertical Reflecting Projector with restitutional easel at Columbia University, 

New York, N. Y. 

Second
1 

in areas of moderate to high relie£1 limited mostly to the complex 

crystalline upland in Region Ill, almost every geologic feature that was plotted 

accurately \·las located by a pass point. An adjustable Vertical Sketchmaster, K 

& E }1odel
1 

was used for radial line plotting and reducing the 1:401 000 field data 

scale to the 1:501 000 base map. 

l~ird1 a comprehensive laboratory analysis was then undertaken of the entir.~ 

project area in an attempt to fit together .o.ll elements of stratigraphy, structure, 
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'\ 
and topography. Geomorphological units, termed herein natural subregions, .were 

then mapped. 

Fourth, during the field season, October 1966 to April 1967, field check 

was perform~d on all poorly defined or questionable features. A general 

~upplemental reconnaissance was undertaken filling .in details as required. 

Fifth, separate overlays each showing: (1) surface morpli.ology, or natural 

subregions, and (2) surficial geology \'lere rechecked and drafted. 

In· addition, t\oJO hundred and fifty rock samples were collected in the field. 

Laboratory studi.es l·7ere carried out at the Department of Geology, Columbia Un:i.-

versity, and were based upon one hundred and forty-seven han9 specimens. Micro-

scopic and X-ray analysis techniques l-lere \tsed on several specimens. The remain-

~ng one hundred and three samples, mostly of sed.1.mentary composition, were classi-

fied in the field. 

Field descriptions of coarse, medium, and fine-grained fragmental sediments 

and rocks m~re classHied according to Dunbar and Rodgers (1957). Unconsolidated 

surficial materials were grouped according to-the system outlined in the United 

States Department of Agriculture Soil Survey Hanual (1951). Color codes of 

surface lithologic units are after the Munsell Soil Color Charts published by the 

Hunsell Color Company (1954), 
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APPENDIX III. ~~PLING PROCEDURE 

The p~rpose of the sampling pl:c-cadu:ce. was to. insure that a sufficient 

.number of samples was collected in an unbiased tr.ac.m.e.l: in o1·der to permit 

the drawing of reliable inferences about the whole region fr.om them. The 

sample specilT'.ens consisted of bits of space \-lhich we.re examined for their 

soil_, climate., and land surface properties. 

The total study area is 820 square kilometers but for sampling 

purposes this was reduced to 606 square kilometers after air photo and 

topographic map inspection had revealed peripheral areas obviously of no 

utility for agriculture. 
\ 

The remaining area \-las subdivided into three main 

regions and 18 subregions as described in Part II of the text.,· "Surface 

"Horphology and Geology." The sampling method employed may be described as 

a stratified random areal sample with variable proportions. The region 

was stratified into the aforementioned regions.and subregions in order to 

take advantage of previous knowledge. Stratified sampling gives more 

reliable estimates of universe parameters from the same number of obser-

vations than simple random methods, especially l-Ihen ~the controls of s.trati-

fication are related to the items that are to be observed. This is true of 

the present study. 

The following procedure was followed: 

1) A one-quarter-square-kilometer grid was imposed on a 1:50,000 

topographic base map of each region to yield 2440 sampling 

cells. 

2) A number of sampling cells was allocated to each region and 

subregion in·~oportion to its area. The area of each region 

is given by the following table; 
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Region and Subregion 

I. Entrada de Hao LoHland 

1. Recent floodplains 

2. Stream terraces 
-
3. Cuesta summit 

4. Cuesta slopes 

5. Undulating lo-t·rland -- -
Subtotal 

II. · Santiago Rodriguez Inner Lovrland 

1. Recent floodplains 

2. Stream terraces 

3. Piedmont plains 
-

4. Piedmont upland 

5. Horizontal structural plains 
-

6. Belted matamorphics 

7. Complex crystalline hills 

.Subtotal 

III. Lovrer Hassacre River Basin 

1. Recent £1oodplai11s 

2. Younger piedmont plains 
-

3. Older piedmont plains 

4. Horizontal structural plains 
-

5. Complex crystalline hills 

6. Belted metamorphics . . ,_;. 

Subtotal 

GR.A l\ID TO'£AL 
=- .. ---

-

I 

I 

-

--

Square 
kilometer· 

9 

12 

3 

52 

49 

125 

8 

'23 

170 

19 

84 

4 

7 

315 

8 

39 

23 

26 

74 

< 1 

170 

610 

' 

---
3) A giv~n sampling cell is defined by an X and Y axis and the specific 

cells were selected by randomly r,enP.ratcd coordinates. 
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4) The numbe-r: of sampHng cells to be selected vras dictated by 

available resources of time, personnel, finances, and map 

scale. One-fourth of the cell population ~·Tas chosen as .. the 

sample size, or 606 sample cells. 

5) Each ~andomly selected sample cell was visited in the field 

subject to the rule that a ce 11 crossed by a major regional 
i 

boundary \-las rejected to el:i.minate border effects. 

· 6) Hithin each sample cells one randomly selected point sample 

was taken. The point sample was located by means of a one­

quarter kilometer square transparent grid that w\s divided 

into tvrenty-five point sampling sites, each 100 square meters. 

The point sampling sites were numbered 1 through 25 and one 

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

was superimposed on the one-quartet:-square-k:i.lometer sampling 

cell. A 100-square-meter sample site .v1as used because it was 

the smallest area that could be located in the field on a map 

scale of 1:501 000. 

7) Each sample site selected was described in terms of the soil, 

climate, and land surface variables, the data being recorded 

on a field sheet. The field invest:i.gator was given the option 

of deciding the precise location within the 100-square-meter 

sample site at \-lhich the soil was to be sampled. He was also 

given the option o£ selecting a new site if in his opinion it 
. . ~~. 

\-Tas inaccessible or unrepresentative of the cell. A new s.ite · 

was then randomly chosen. Less than ten per cent of the sit~s 

were rejected. 
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In this manner 606 samples 't-rere taken whose location is shown by 

Figure 5. Eleven samples were rejected and the actual analyses were 

performed on 595 samples. The sampling procedure provides sufficient 

punctiform data to furnish a maximum of information Hithin the design 
\ 

of the project. It permits the generation of maps and land resource 

units at kno\~1 levels of reliability. Reliability may be described as 

follo,.;s: If, for example, in a sample of size 600 the mean value of a 

property, as depth to "C'l horizon, is l~4 centimeters and the standard 
I 

dev.iation is 25 centimeters, the standard et:ror of the estimate is one 

centimeter and the 95 per cent confidence limits lie between 42 and 46 

centimeters. That is, '\>7e do not knm.; the true value of ~he population 

mean, but we can say that it is between the limits 42 and 46 centimeters, 

although there is a 2.5 per cent chance that it is less than 42 centimeters 

and a 2.5 per cent chance that it is greater than 46 centimeters. Thus, it 

is correct to say that absolute knowledge which would come from a complete 

study of the entire population has been traded for probabilistic kno~.;ledge 

with a known range of possible,error. The ·pragmatic question is, is the 

absolute information worth the additional cost in time and money to acquire it? 
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APPENDIX IV. SOIL VARIABLES 

In all
1 

forty-one soil variables '"ere examined in the field. As 
\ 

stated in the text1 the properties of these variables were unaffected 

by bucket auger sampling. Un£ortunately1 .satisfacto;ry arrange~rents 

could not ·be made for selected labora~ory physical and chemical analyses 

to supplement an~ expand the usefulness of the field samples. However, 
I 

sur.face and subsoil material from 165 randomly selected sites \-.ras collected 

and bagged. Als~samples ~rom 606 field sites were collected and bagged. 

They are now stored in Santiago. Some are also located in La Vega. 

The following table lists the soil variables used in the study to-

gether 'ivith selected field .methodological comments: 

Variable Scaling Hethod 

* 1. ·texture of A1 A, or Ap sands, to clay$ · roo is t fee 1 

2. texture of B or B2. ditto ditto 

* 3. texture of c ditto ditto 

4. thickness of A in centimeters 

s. thickness of B, if ditto .. 
present 

* 6. depth to c ditto 

* 7. depth to con so lida ted in centimeters; if 
beyond auger depth1 

set at 183 centi-
.Q;· meters 

8. lithologic layers number 

* 9. hardpan present or absent· 



Variabie 
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I 

S~aling 

10. depth to hardpan, if in centimeters 
present 

11. stt·ength of hardpan, if in three ranks 
present 

12. development of A or A
2 

13. dove lopment of B or B
2 

*.14. hue of A or Ap 

* 15.. value of A or Ap 

* 16. chroma of' A or Ap 

. 17. hue of B or B
2 

18. value o~-~ or B2 

19. chroma of B or B2 

* 20. hue of C 

* 21. value of C 

* 22. chroma of C 

23. mottling, if present · 

24. depth to mo~tles 

25. clay skins in B or B2 

* 26. pH A 

27 • . pH B 

* 28. pH C 

in four ranks 

in four ranks 

in six scores 

Munsell numbers 

ditto 

in six scorcs< 1> 

Hunscll numbers 

ditto 

in six scorcs(l) 

Munsell.numbers 

ditto 

scored sum 

in centimeters 

four scores from 
to 10 

direct reading 

ditto 

ditto 

0 

* 29. effervescence A four scores from o. 
to 5 

~0. e££ervescence B or B2 )ditto 

*31. effervescence C ditto 

* 32. wet consistency A scored sum 

l1ethod 

moist color. 

ditto 

ditto 

ditto 
.\ 

ditto 

ditto 

ditto. 

ditto 

ditto 

ba~ed on abundance, size, 
contrast 

hand lens examination 

La Notte soil kit 

ditto 

ditto 

dilute hydrochloric acid 

ditto 

ditto 

b~sed on stickiness and 
plasticity 
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Variable Scaling 

33. wet consistency B or B2 ditto 

3/h wet consistency c ditto 

35. drainage in seven ranks 

36. frequency of coarse four scores 
fr·agments 

37. size of coarse fragme~1.ts · ditto 

38. distribution of coarse three scores 
fragments 

39. sum of 371 38, 39 

40. sources of coarse frag­
ments 

41. lithology of coarse 
fragmants 

six scores 

four scores 

Hethod 

ditto 

ditto 

based on surface and 
internal drainage 

based on per cent of surface 
area or soil volume 

based on modal size 

surficial or in profile 

rl\sidual1 transported, mixed 

(l) With a Hunsell color chart and the ordination method of o. w. Bid'\<7ell 

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

Kansas Soils," Proceedings, ·Soil Science Society of America, vol. 281 

No. 2 (Harch-April), 1964, pp. 263·268. 

Because of intercorrelations1 persistent missing data, and data judged 

to be unreliable the number of variables used in the factor analytic program 

was reduced to nineteen. These·are asterisked in the above table. 

.... ~"' 
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APPENDlX.V· LAND SURFACE VARIABLES 

Five land surface variables were examined and scored in the,field at. 

each 100-square meter sample site. The variables were factored for the 

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

the method of scoring are give~ in the table below: 

Variable Definition 

1. elevation - height above sea level 

· 2. slope - inclination of surface of 
land away from perfect flatness 

3. · relief - difference betl-7een height 
and lot.,est point 

4. erosion - sheet and gully removal 
of soil 

5. ruggedness - combination of gully 
depth and counts 

I 

read directly to nearest 20 meters 
. from topographic maps 

. \ 
determined directly in per cent by 

a Brunton Pocket Transit. 

estimatecl'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 

> 75% of topsoil to (·50% 3 
subsoil 

) 50% subsoil and exposed C 4 

sum of depth and number of gullies 

a. depth in mcte~s 
> 1/3 meter = 1 
1/3•2 meters ~ 4 
2-5 meters = 7 
) 5 meters = 10 

b. count across 100-met~r square si.te 
none = 0 
1-5 ~ "• 
5-10 = 7 > 10.,. 10 


