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FCJRm!ORD 

The report of the Soils Conference, held 1n Puerto R1co from 
March 51 to April 8, 1950, under the jo1nt auspices of the Caribbean 
Comm1sS1on and the Agr1cultural Experiment Station of the Un1vers1ty of 
Puerto R1co, 1s not only of intrins1c value; it also has special SJ.f?)lifi­
cance for the forthcom1ng West Ind1an Conference (Fourth Sess:~.on) in 
curacao 1n :November of this year, the theme of wh1ch is "The Agr1cultural 
Problema of the Car1bbean ta.rea". 

fl The Central Secretar1at of the Comm1ss1on takes th1s opportunity 
of express1ng 1ts warmest apprec1at1on of the collaborat1on of the terri• 
torial rovernments 1n present1ng the 9eta1led statements, 1ncluded in this 
publicat1on, of the ex1sting state of knowledge, problems and needs w:~.th 
respect to so1l science in the1r respect1ve terr:~.tories. 

The Caribbean Comm:~.ssion has assigned to the Secretar:~.at as one 
of :~.ts cont1nu1ng act1v1ties the preparation and publicat1on of bibliograph1es 
1n the various f:~.elc'ls of inquiry 'H1thJ..n its terms of reference. A 
comprehensive bibliography on soJ.l sc1ence 1s appended to this report, for 
the several territor1es. The Central Secretar1at acknowledges w1th apprec1at1on 
the collaboration of: Professor F. Haray, of the Imper:~.al College of Trop1cal 
~gr1culture, TrinH1a.d, who preps.red the bibliographies for 1nd1vJ.dual Br:1.t1sh 
terr1tories and for the independent republics, and 1nd1cated add1t1onal 
t1tles for Puerto R1co; the Department of A.gr1culture, Jama1ca; and 
Dr. J.A. Bonnet and Dr. M.A.. Lugo Lopez of the Agr1cultural Ex:per:unent Stat1on 
of the Univers1ty of Puerto R1co. The attent1on of 1nterested spec1al:~.sts 
is J..nVited to the b1bl1ography J.ncluded in the compan1on volume, Forest 
Research v7ithm the Car1]'bean Area, published by the Car:~.bbean Co:mm:~.ss1on 
in 1947, and to the pert1nent sect:~.ons of the bibl1ography included m the 
Year Book of Caribbean Res~~ch, 1949 Supplement. Part I, ~grJ.culture, For~try, 
W,P_and_ Wi)._d_±~, publ1shed by the Caribbean Comm1ssion 1n 1950. 

iJ.i 

IA.'WRE:NCE W. CRA:t-lER 
Secretary General 

Car:~.bbean Corom1ssion 



The Anglo-American Caribbean Commission was created by the Govern­
ments of the United States and the United Kingdom on March 9, 1942, for 
the purpose of encouraging and strengthening social and economic co­
operation between the United States of America and 1ts possessions and 
bases in the area known geograplu.cally and politically as the Caribbean, 
and the United Kingdom and the British Colonies 1n the same area, and 
to avo1d duplicat1on of research 1n these fields. On December 20, 1945, 
the follovnng J01nt communique was issued: "The Governments of France 
and of the Netherlands have accepted an invitat1on extended to them by 
the Governments of the United Kingdom and Un1ted States of Amer1ca to 
join the Anglo-American Caribbean Commiss1on. The name of the Commis­
sion 'Wll.l be changed appropriately ••• n The Commiss1on is now known as. 
the Caribbean Commission. 

The Caribbean Research Council was established by the Comzuss1on 
in August, 1943, to survey needs, to determme what research has been 
done, to fac1litate research on a cooperative bas1s, and to arrange for 
the prompt disseml.llation of the results of research, all without limi­
tat1on to the f1eld of inquiry. 

In pursuance of these objectives, a number or Research Committees 
has been appo1nted for various fields of research. 

~ 

The Central Secretariat of the Commission is located at Kent House, 
Port of Spain» Trinidad. The work of the Secretariat is d1V1ded into 
two main branches: admin1strative and research. The Research Branch, 
wh1ch 1ncludes a Statist1cal Unit, works in close cooperat1onwith the 
Car1bbean Research Council and its various Research Committees. 
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PI\RT I 

THE BAC1."GROUND Ar.."D ORGANISATION OF THE CONFERENCE 

(1) In August, 1943, the AngloaAmerican Caribbean Commission, meet-· 
ing in St. Thomas, placed particular emphasis on the urgency of the--soils 
problem in the caribbeano Its minutes read as follows : 

"The most urgent need of the caribbean region is more intensive use of 
the land ·~ The first step is the soil survey; this should not be 
over-elaborated, and should employ a uniform nomenclature agreed upon 
for the Caribbea~ Investigations on the adaptation of new crop plants 
to local environments and season, rotation, tillaee, manuring and crop 
practices generally shoul-d be guided by this soil survey." 

(2) In its public report, Arriculture, Nutrition, Fisheries and 
Forestry, the Commission elaborated on this matter, as follows : 

"The conservation and wise use of soil, water and forest resources is 
basic to the welfare of the Caribbean area. Poor practices in the past, 
however, have led to wastage and impoverishment of the soils and to de- .. 
pletion and reduced productivity of the forests. This degradation of ~l 
the land has resulted in reduced production of cultural crops, timber, 
fuel, and water and in a lower standard of living of the people who are_ 
dependent upon the land for livelihood. Better treatment and use of the 
land so that it can produce more abundantly will lead to a better stan­
dard of living for the people o 

11The problems in need ,of research in these fields are many and diverse. 
Collaboration vithin 'the area, in the planning and developnent of re­
search and in the exchange and dissemination of results, offers the 
chief hope of achieving greatly improved soil, "WBter and forest conser­
vation in the shortest timea 

... 
"Inter-relationships in Conservation : Soil conservation is seldom an end 
in itself. It is chiefly a means to sustained or increased production 
of plants, Vhether they be cultivated crops, permanent pasture, forest 
or lands maintained solely for the conservation of water. Soil conser­
vation must be developed for and in accordance with the requirements of 
each kind of plant or crop production. The more serious soil conserva­
tion problems in the Caribbean area are on the cultivated land, particu­
larly on the steeper lands. 

"One group of problems in water conservation involves such aspects as the 
retention of soil moisture for'crop production, control of runoff to 

1. 



2 SOIL SCIENCE D1 THE CARIBBEAN 

prevent erosion, regulation of streamflow, and control of floods. A­
chievement in this group depencs largely upon the cevelopment and ap­
plication of cultivation and cropping practices suited to particular 
conditions, supplemented with engineerinf devices to control runoff. 

"Another group of problems in water conservation is concerned '\-:ith the 
control and beneficial use of uater for comestic ana inc1ustrial pur­
poses, hydroelectric power development, ane to some extent irri&ation. 
The~e questions involve chiefly the control and roana[e~ent of the water 
after it reaches the streams or storage basins, but the_quantity of the 
flo't-T depenos usually upon the measures undertaken ui~h respect to the 
first group. 

"Lanes suited for Forest : Land unsuited to cultivation or arnble crops, 
fodoer grasses, or permanent pasture because of conditions of soil, 
steepness of slope or clinate shoule, in so far as pr2cticable, be ~ept 
in forest. This is necesse~J for the prevention of soil erosion, con­
servation of runoff, ~nd tr.c r~ximum proeuction of forest crops, inclua­
ing desirable recreational use and the maintenance of a suitable envi­
ronment for fresh water fish Fnd wild life. By keeping the land more 
permanently in cover, forests are more suitable for those lands most 
vulnerable to rapid runoff and erosion. Besides adapting forest rnnnage­
ment to soil and water conservation, other problems requiring research 
include those dealing with more efficient proeucticn from the land and 
the greater home and industrial utilization of forest crops." 

(5) It was upon the foregoing inter-relationship of soil, water and 
forest conservation that the Anglo-~merican Caribbean Commission based its 
suggested researCh programme. The Commission stated with respect to this 
programme : 

"In considering it and in instituting any specific project in the future, 
two important factors should be borne in mind : (a) that much scientific 
knowledge on soil, water and forest conservation is already available 
and being practiced as a result of past research and experience through­
out the Caribbean area. Also considerable information developed by re­
search on the Continents is directly applicable, or can be adapted, to 
the solution of many problems of the area; (b) that new research should 
be based upon research already done within the area or applicable re­
search elsewhere." 

(4) Yith respect to soil science as related to arriculture, the 
Commission recommended the following general fields of data that should be 
examined from the standpoint of present status and need for further under­
takings : 

"Land resources, their classification and utilization including soil 
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classification, topography and other physical factors that are signifi­
cant in the conservation and utilization of land ••• 

"Fresent utilization of land, including areas for crop production, graz­
ing, forestry and other purposes." 

(5) This meeting of the Anglo-American Caribbean Commission re-
sulted in the establishment of the Caribbean Research Council, to ascertain 
what research has been done, survey needs, advise concerning desirable re­
search projects, arrange and facilitate cooperative research, undertake spe­
cial research assignments, and collect and disseminate information concerning 
research. One of the earliest recommendations of this Council, approved by 
the Commission in 1944, ~s that a research survey of the Caribbean area 
should be undertaken at an early date. The two scientists selected for the 
task, Dr. Carlos E. Chardon, then Director of the Institute of Tropical 
Agriculture, Hayaguez, Puerto Rico, and the late D.D. Faterson, Frofessor of 
Agriculture, Imperial College of Tropical Agriculture, reported in 1945. 
Their chief recommendation was that a conference of soil scientists in the 
Caribbean area should be held at an early date. "The object of this meet- · 
ing," they stated, 11would be to draft for the Caribbean Commission a common 
basis of approach and ultimate system of soil classification acceptable to 
all representatives attending the meeting ••• It is fundamental to any ear­
ly progress towards useful soil survey, and that, in turn, is admittedly the 
first step to sound agricultural planning." 

(6) A few months later, in January, 1946, the sub-committee on 
Forestry of the Committee on Agriculture, Nutrition, Fisheries and Forestry 
of the Caribbean Research Council met in Trinidad. The Sub-committee, after 
surveying the present state of progress with respect to soil surveys in the 
caribbean area, recommended (1) standardised surveys, classification and no­
menclature of all soil types of the region, through the medium of a symposi­
um of soil scientists; and (2) detailed soil surveys of forested areas with 
maps suitable for local needs. The Sub-committee also recommended a number 
of general research projects in the field of forestry with respect to soil 
factors, to be executed by, or in collaboration with, soil scientists, on a 
regional basis. 

(7) In March of the same year, the West Indian Conference (Second 
Session), held in St. Thomas, Virgin Islands of the United States, recommended 
that an informal meetinp of soil scientists from the te-ritorial and member 
governments of the Commission should be held in Puerto Rico at an early 
date. In accordance with this recommendation, a Preparatory Committee, re• 
presentative of the four member governments, was appointed in 1947 to pre­
pare an agenda for the conference. The composition of the Preparatory 
Committee was as follows : 
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United Kingdom 

United States 

France 

Netherlands 

SOIL SCIENCE IN THE CARIBBEAN 

-Mr. H.J. Pare, Chairman - Principal, Imperial 
College of Tropical Agriculture, Trinidad. 

Professor F. Hardy, Professor of Chemistry and Soil 
Science, Imperial College of Tropical Agriculture, 
Trinidado 

-Dr. J.A. Bonnet, Head, Soils Division, Agricultural 
Experiment Station, University of Puerto Rico. 

- Mr. D. Blanche, Acting Head of the Agricultural 
Service, Martinique. 

- Dr. H.J. Muller, Agricultural Chemist, Department of 
Agricultural Economics, Surinam. 

(8) This Preparatory Committee recommended the following agenda, 
~hich was approved b,y the Commission : 

(i) Presentation and discussion of collected data on soil forming factors 
of the various territories. 

(ii) Standardisation of field and laboratory methods of soil surveys. 

(iii) Discussion of different systems of soil classification and mapping. 

(iv) Formulation of a detailed regional programme of soil surveys. 

{v) Survey of problems of soil erosion, soil conservation and soil renova­
tion in the different territories. 

(vi) Practical application of soil surveys to land utilization. 

(9) Another Preparatory Committee, under the Chairmanship of 
Dr. Bonnet, was appointed to make all necessary arrangements for the scien­
tific programme of the Conference. The other members of this Committee were 
Professor Hardy {~ith :Hr. G. Rodrigues of the Imperial College of Tropical 
Agriculture as his alternate); Dr. E.M. Chenery of the Department of Agri­
culture, Trinidad and Tobago; Dr. Mu1.ler; and Mr. Blanche. 

(10) The date originally fixed for the conference, August 1948, 
clashed with the British Commonwealth Soil Scientists Conference at 
Rothamstedo For this and other reasons, it was found impossible to convene 
the conference in Puerto Rico before March, 1950. 

(ll) The delegates, observers, visitors and Secretariat staff in 
attendance at the Conference were as follows : 
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DELIDATES 
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Territory 

Barbados 

French Guiana 

Guadeloupe 

Leeward Islands 

Jamaica 

Martinique 

Netherlands West 
Indies 

Puerto Rico 

Surinam 

Delegate 

Mr. J.B.D. Robinson 

M. l'aul Be'na 

M. P. Moulin 

Professor F. Hardy 

Mr. T • Owen Ellis 

Dr. H. Stehle 

Dr. J .E. 'Westermann 

Dr. Juan A. Bonnet 

Mr. J.M. Verhoog 

Office 

Agricultural Chemist, 
Depirtment of Agriculture. 

Head, Forests and Yater 
Conservation Service. 

Acting Conservator of 
Water and Forests for 
French Yest Indies. 

\ 

Professor of Chemistry 
and Soil Science, 
Imperial College of 
Tropical Agriculture, 
Trinidad; Member of 
Preparatory Committee. 

Senior Agricultural 
Chemist, Department of 
Agriculture. 

Director of Agricultural 
Research in the French 
Yest Indies and French 
Guiana; Member of Prepara­
tory Committee. 

Director, Development In­
formation Bureau of the 
Netherlands Antilles, 
Amsterdam. 

Head, Soils Division, 
Agricultural Experiment 
Station, University of 
Puerto Rico; Member of 
Preparatory Committee. 

Pedologist, Agricultural 
Experiment Station, 
Department of Agriculture, 
Surinam; Member of 
Preparatory Committee. 
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I!!rritory ~[ate) Office 

Trinil.e.d and Tobago Mr. G.C. \:itt Soil Survey Officer, 
Department of Agriculture. 

Virgin Islenc:s o:r . Mr. Oscar R. Bough Extension &gent in Charge, 
4.gricul tural Experiment 
Station, St. Thomas. 

the United States 

Yindward Islands Professor F. Hardy Professor of Chemistry and 
Soil Science, Imperial 
College of Tropical 
Agriculture, Trinidad; 
Member of Preparatory 
Committee. 

'l'errito;x 

~ritish Commonwealth 

ruerto Rico 

OBSEFNERS 

Observer 

l:r. G •. Rodrigues 

Organisa tio,n 

Lecturer, Imperial College 
of Tropical Agriculture, 
Trinidad. 

Mr. Kenneth C.Vernon B.V.I. Soil Survey, 
Imperial College of 
Tropical Agriculture, 
Trillic1ad. 

), 
lir. Antonio Rodriguez Appraiser, Farmers Home 

ColOn Ac'l::ninistration. 

Mr. Clifford A. Kaye 

l.fi". Rafael Perez Diaz 

J.!r. Fernando .&bruna 

Geologist, Puerto Rico 
Vater Resources Authority, 

Division for Classification 
and Scientific Appraisal 
for Urban and Rural areas, 
Treasury Department. 

Agronomist, BPI~S Re­
search Project, Agricul­
tural Experiment Station, 

, University of Puerto Rico. 

Mr. Carlos Cernutk J Chemist, BPI..SCS P.esearch 
Project, Agricultural Ex­
periment Station, Univer­
sity ot Puerto Rico. 
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Territor:r 

Puerto Rico 
(cont' a) 

Observer 

Mr. Arturo Roque 

Dr. Bernardo G. capO' 

Mr. Julian Rol&!n 

Dr. Miguel A. Lugo 

Mr. G. Nieves Calcano 

Dr. George Samuels 

Mr. F. Arostegui 

Mr. P. Lanorau 

Mr. F. Mendez 

Mr. Y. Pennock 

Oreanisation 

Director, Agricultural Experi­
ment Station, University of 
Puerto Rico. 

Acting Director, Agricultural 
Experiment Station, University 
of Puerto Rico. 

Assistant Soil Chemist, Soils 
Division, Agricultural Experi­
ment Station, University of 
Puerto Rico. 

Associate Soil Scientist, Soils 
Division, Agricultural Experi­
ment Station, University of 
Puerto Rico. 

Research Assistant in Chemistr,y, 
Soils Division, Agricultural. 
Experiment Station, University 
of Puerto Rico. 

Associate Plant Physiologist, 
Plant Physiology Division, 
Agricultural Experiment Station, 
University of Puerto Rico. 

Associate Agronomist, Agrono~ 
Division, Agricultural Experi­
ment Station, University of 
Puerto Rico. 

Assistant Agronomist, Agronomy 
Division, Agricultural Experi­
ment Station, University of 
Puerto Rico. 

Associate Agronomist, Agrono~ 
Division, Agricultural Experi- , 
ment Station, University of 
Puerto Rico. 

associate Horticulturist, 
Agronomy Division, Agricultural 
Experiment Station, University\ 
of Puerto Rico. 
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Territory 

Puerto Rico 
(cont' d) 

SOIL SCIENCE IN THE CARIBBEAN 

Observer 

Mr o Co Rivera Lopez 

Mr. E. Molinary Sales 

Mr. P. Gonzalez Rfos 

Mr. L.B. Ortiz 

Mr. A o Rio llano 

1-!r. Rafael Pietri 

Mr. Ruben A. Bonilla 

Dr. G. Serra 

Dr. L. Alvarez 

Organisation 

Assistant Agronomist, Agronomy 
Division, Agricultural Experi­
ment Station~ University of 
Puerto Rico o 

Associate Agronomist, Agronomy 
Division, Agricultural Experi­
ment Station, University of 
Puerto Rico • 

Editor, Agricultural Experiment 
Station, University of Puerto 
Rico. 

Acting Head, Genetics Division, 
Agricultural Experiment Station, 
University of Puerto Rico. 

Research Assistant in Agronomy, 
Lajas Substation, Agricultural 
Experiment Station, University 
of Puerto Rico. 

Agronomist in Charge, Isabela 
Substation, Agricultural Ex~ 
periment Station, University of 
Puerto Rico o 

Assistant Professor in Agronomy, 
College of Agriculture and 
Mechanic Arts, University of 
Puerto Rico o 

Sugar Cane Specialist, Agricul~ 
tural Extension Service 9 Uni"" 
versity of Puerto Rico. 

Head 9 Agricultural Economics 
Division, Agricultural Experi­
ment Station, University of 
Puerto Rico o 

Head, Phytopathologist Division, 
Agricultural Experiment Station, 
University of PUerto Rico. 
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Territory 

Puerto Rico 
(Cont• a) 

Fooa ana Agriculture 
Organisation of the 
Unitea Nations 

Unitea States of 
America 

Observer 

Mr o J ~ · G&Jtambiae 
A'ITillaga 

Dr. A.B. Lewis 

Mr. R.D. Hockensmith 

Mr .. Ray C. Roberts 

Mr. Glenn L. Fuller 

Dr. Roy W. Simonson 

Oreanisation 

Heaa, Forestry Sec­
tion, Agricultural 
Experiment Station, 
University of Puerto 
Rico. 

Land Use Officer, 
Lana Use Branch, 
Agriculture Division, 
Fooa ana Agriculture 
Organisation of the 
United Nations. 

Chief, Soil Conserva­
tion Surveys Division, 
Unitea States Deplrt­
ment of Agriculture, 
Washington, D.c. 

Principil Soil Correla­
tor forYestern States, 
Division of Soil Sur­
vey, Bureau of Plant 
Inaustry, Soils ana 
Agricultural Engineer­
ing, Berkeley, 
California. 

Regional Soil Scientist, 
Southeastern Region, 
Soil Conservation Ser­
vice, 7Unitea States 
Department of Agri­
culture, Spartanburg, 
South Carolina. 

Assistant Chief, 
Division of Soil 
Survey, Unitea States 
Department of Agri­
culture, Beltsville, 
Marylana. 
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Territory 

United States of 
America (cant' d) 

SOIL SCIEtTCE IN THE CARIBBEAN 

Observer 

Mr. u.s. Allison 

Dr. Joaquin A. Marrero 

Dr. Juan P. Cordova 

Mr. Juan Ju~rez Juarbe 

¥.r. Henry B o Bosworth 

Dro Frank Wadsworth 

Organisation 

Director, Soil Conserva­
tion Surveys in Puerto 
Rico and the Virgin Is­
lands of the United 
States, Soil Conservation 
Service, United States 
Department of Agriculture, 
San Juan, Puerto Rico. 

Assistant Director, Soil 
Conservation Surveys in 
Puerto Rico and the Virgin 
Islands of the United 
States, Soil Conservation 
Service, United States 
~apartment of Aericulture, 
San Juan, Puerto Rico. 

Soil Scientist, Soil Con­
servation Surveys in 
Puerto Rico and the Virgin 
Islands of the United 
States, Soil Conservation 
Service, United States 
Department of Agriculture, 
San Juan, Puerto Rico. 

Soil Scientist, Soil Con­
servation Surveys in 
Puerto Rico and the Virgin 
Islands of the United 
States, Soil Conservation 
Service, United States 
Department of Agriculture, 
San Juan, Puerto Rico. 

Director, Tropical Region, 
United States Forest Ser­
vice, R!o Piedras, Puerto 
Ricoo 

Silviculturist in Charge 
of Research, Tropical 
Forest Experiment Station, 
United States Forest Ser­
vice, R:lo Piedras, Puerto 
Rico. 
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Territory 

United States of 
America ( cont t d) 

Terri torr 

Colombia 

Observer 

Mr. Jose Marrero 

Mr. viilliam H. Gracia 

Mr. C .s. Simmons 

Dr. R.M. Smith 

Mr. D .K. Fuhriman 

VISITORS 

Visitor 

Dr. Jose M. Molina 

Dr. Jose V. Lafaurie 
Acosta 

Dominican Republic Mr. vi .J. Luke, Jr. 

Organisation 

Forester, Tropical Forest 
Experiment Station, 
United States Forest 
Service, R{o Piedras, 
Puerto Rico. 

District Conservationist, 
Caribbean Area Soil Con­
servation Service, R!o 
Piedras, Puerto Rico. 

Instituto_Agropecuario 
Nacional, Office of 
Foreien Agricultural 
Relations, United States 
Department of Agricul­
ture, Guatemala. 

In charge BPI~CS Research 
Project, United States 
Department of Agriculture, 
cooperating with Agricul­
tural Experiment Station, 
University of Puerto Rico. 

Agricultural Engineer, 
BPI~CS Research, United 
States Forest Research 
Station, R:!o Piedras, 
Puerto Rico. 

Organisation 

Head, Soil Survey Depart­
ment. 

Secci~n de Suelos, Insti­
tute Geografico, Bogota. 

Central Romana Corporation, 
La Romana. 
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Territorx 

Dominican Republic 
(cont' d) 

Haiti 

Jamaica 

Puerto Rico 

United States of 
America 

Venezuela 

SOIL SC n:NCE IN THE CARIBBEAN 

Visitor 

Mr. Miguel A. Cesteros 

Mr. Edmond Polynice 

Mr. H.C. Thompson 

Dr. Ismael Velez 

Dr. C.D. Jeffries 

Dr. H .A. Heyer hoff 

Mr. LoM• de Eleizalde 

Organisation 

Agronomist, Ninistry 
for Conservation of 
Soils, Department of 
Agriculture, Forestry 
and Land Settlement, 
Ciudad Benemerita, 
P.T., San Cristobal. 

Department of Agricul­
ture, Port-au-Prince. 

Colonial Sugar Company, 
Monymusk. 

Professor of Botany, 
Polytechnic Institute, 
San German. 

Professor of Soils, 
Pennsylvania State 
College, Pa .. 

Administrative 
Secretary, American 
Association for the 
Advancement of Science, 
Northampton, Massachusetts. 

Jefe, Division de Suelos, 
Institute Nacional de 
Agricultura, Maracay. 

CENTRAL SECRP.I'ARIA.T, CARIBBEAN COJI~SSION 

Dr. Eric Williams 

Mr. C .K. Robinson 

Mr. C .P. Erskine-Lindop 

Deputy Chairman, Caribbean Research Counci~ 

EXecutive Secretary {Agricultural Economics) 

Administrative Assistant. 

(12) Others present who participated in the work of the Conference 
were : 

Mr. W.W. Fate, Assistant in Research, Soils Divisions, Bureau of Plant 
Industry, Soils and Agricultural Engineering, United 
States Department of Agriculture. 
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Dr. c. Gaztambide Arrillaga, Agricultural Extension Service, Puerto Rico. 

Mr. T.M. Bushnell, Soil Survey, Purdue University, Agricultural Experi­
ment Station, Indiana. 

Mr. Roberto Huyke, Agricultural Extension Service, Puerto Rico. 

Mr. C.G. Moscoso, Genetics Division, A.fl'icultural Experiment Station, 
University of Puerto Rico. 

Hrs. Haria del c.c. Fernandez, Physioloa Division, Agricultural Experi• 
ment Station, University of Puerto Rico. 

Hada.me l~adeleine Stehle', Guadeloupe. 

Mr. M.A.. Hein, Agronomist, Division of Forage Crops and Diseases 1 Bureau 
of Plant Incustry, Soils and Agricultural Engineering, 
United States Department of Agriculture, Beltsville, 
Maryland. 

:Hr. E. Boneta-Garc:!a, Research Assistant Plant Breeder, Agricultural Ex­
periment Station, University of Puerto Rico. 

Mr. J. Mart!nez-:Hateo, Assistant Chemist, Agricultural Experiment Sta­
tion, University of Puerto Rico. 

l!r. E. Hernandez, Assido.nt, Plant Physiology, AgriculturE!l Experiment 
Station, University of Puerto Rico, 

Mr. 1-I,A. Tic!, Assistant, Plant PhysiolofY, Agricultural Experiment Sta­
tion, University of Puerto Rico. 

Mr. J .s. Simmons 1 Assistant Agronomist in charge of Plant Propagation and 
Distribution, Agricultural Experiment Station, Univer­
sity of Puerto Rico. 

Mr. R. Grant, Research Assistant and Agronomist in charge of Station Farm, 
Agricultural Experiment Station, University of Puerto 
Rico. 

Dr. R.J.Muckenhirn, Assistant Director, Experiment Station, College of 
Agriculture, University of Wisconsin, 

11r. J.A. Silva, Jefe, Seccion de Fertilidad, Division de Suelos, Institute 
Nacional de Agriculture, Maracay, 

Mr. L.J. Medina, Jefe, Secci6n de Estudios, Divisi6n de Suelos, Institute 
Nacional de lgricultura, Maracay. 
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{13) The Conference was opened by Dr. Jaime Benitez Chancellor of 
the University of Puerto Rico. Opening addresses were also'maae by 
Dr. Eric lUlliams, Deputy Chairman, Caribbean Research Council and 
Dr. Bernardo G. Cap6, Acting Director, Agricultural Experiment'station 
University of Puerto Rico. ' 

(14) The Conference elected Dr. Juan A. Bonnet chairman, and ap­
pointed three committees, as follows : 

COl~ITTEE I - SOIL SDRVEYS 

Dr. Roy 'W. Simonson, Chairman 
Professor F. Hardy, Rapporteur 

Mr. G.C. 'Witt 
1-1r. Ray C. Roberts 
Mr. Juan P. Cordova 
Dr. Jose M. Molina 
Mr. L.J. Medina 
Dr. J .a • Bonnet 
Dr. c.n. Jeffries 
Mr. T .M. Bushnell 
Mr. J.M. Verhoog · 
Dr. Henri Stehle 
Mr. C .S. Simmons 
Mr. G. Rodrigues 
Mr. Kenneth C. Vern on 
Mr. F .c • Darcel 
Dr. G. Samuels 
Mr. W .W. Fate 
Dr. M.A. tugo 
Mr. R. Pietri 
Dr. R.M. Smith 
Mr. L.M. de Eleizalde 

- United States of America 
- Imperial College of Tropical Agri-

culture, Trinidad 
-Trinidad 
- United States of America 
- United States of America 
-Colombia 
-Venezuela 
- Puerto Rico 
- United States of America 
- United States of America 
-Surinam 
- }.fartinique 
- United States of America (Guatemala) 
-Trinidad 
-Trinidad 
-Trinidad 
- Puerto Rico 
- United States of America 
- 'Puerto Rico 
- Puerto Rico 
- Puerto Rico 
-Venezuela 

COMMITTEE II • SOIL CONSERVATION 

Mr. u.s. Allison, Chairman 
Mr. J.B.D. Robinson, Rapporteur 
Mr. T .0 • Ellis 
Mr. Miguel A. Cestaro 
Dr. J.H. Yestermann 
Dr. Joaquin A. Marrero 
Dr. C. Gaztambide-l\rrillaga 
Mr. oscar R. Bough 
Mr. W.J. Luke {Jr.) 

- United States of America 
- Barbados 
- Jamaica 
- Dominican Republic 
- Netherlands West Indies 
- United States of America 
- Puerto Rico 
-Virgin Islands of the Unitea States 
- Dominican Republic 
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COMMITTEE III - LAND ClASSIFICATION 

- United States of America 

15 

Mr. R.D. Hockensmith, Chairman 
Dr. A.B. Lewis, Rapporteur - Food and Agriculture Organization of 

Mr. 1'. Bena 
Dr. R .J. Huckenhirn 
Mr. G .L. Fuller 
Dr. G. Serra 
Hr. J. Marrero 
Hr. R .A • Bonilla 
Mr. H.A. Hein 
Mr. R.B. Batchelder 
Dr. John Lounsbury 
Mr. H .c. Thompson 
1-ir. Edmond Polynice 

the United Nations 
- French Guiana 
- United States of America 
- United States of America 
- Puerto Rico 
- Puerto Rico 
- Puerto Rico 
- United States of America 
- United States of America 
- United States of America 
- Jamaica 
-Haiti 

(15) The Conference also appointed a Drafting Steering Committee, 
comprising the Preparatory Committee and the chairman of the three confer­
ence committees. The composition of the Drafting~teering Committee was, 
therefore, as follows :-

Dr. Juan A • Bonnet, Chairm9.n 
Professor F. Hardy 
Dr. H. Stehle 
Hr. J.M. Verhoog 
Dr. Roy W. Simonson 
Hr. U.s. Allison 
Mr. R.D. Hockensmith 
Dr. Eric 'Williams ) 
Mr. C.K. Robinson ) Central Secretariat 

The Drafting-steering Committee agreed to coopt Dr. Westermann of the 
Netherlands West Indies and Dr. Lewis of the Food and Agriculture Organiza­
tion in order that their specialized knowledge might be at its disposal for 
the consideration and co-ordination of the Committee reports. 

(16) The Conference also had, for its consideration, detailed state-
ments surveying existing conditions, emphasising special problems, and mak­
ing recommendations, for the following territories : Barbados, British Guiana, 
British Honduras, French Guiana, Guadeloupe, Leeward Islands, Jamaica, N:arti­
nique, Netherlands West Indies, Puerto Rico, Surinam, Trinidad and Tobago, 
Virgin Islands of the United States, Windward Islands. A similar statement 
for Haiti was submitted to the Secretariat during the Conference. Information 
was also submitted in respect of certain territories regarding personnel and 
funds available for research in the field of soil science. These statements 
had been requested by the Central Secretariat in accordance with the following 
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recommenaations of the caribbean Research Council at its Second Meeting, 
held in Trinidad in May, 1949, and approved by the caribbean Commission at 
its Ninth Meeting, held in St. Thomas in December, 1949 : 

"12. That the Yearbook (of Caribbean Research) should be supplemented by 
separate booklets surveying over a period of time the work done in 
each field, as, for example, the booklet on Forest Research in the 
Caribbean A.rea. 

"15. That these separate booklets should contain bibliographies of the 
work done in each field, similar to the bibliography included in 
Forest Research in the caribbean Area, while each edition of the 
Yearbook should include a bibliography of periodical literature and 
books published during the intervening period." 



PART II 

SEMINARS 

(17) The Conference had before it, for its consideration as a guide 
to its delibrrations, the following papers, which were duplicated and dis-
tributed by the Secretariat : ' 

1. The Soils of Antigua, by F. Hardy. 
2. The Soils of Barbados, by F. Hardy. 
5. The Soils of British Guiana, by F. Hardy. 
4. The Soils of British Honduras, by F. Hardy. 
s. Soil Formation in the British Caribbean Volcanic Islands, by F. Hardy 

and J.S. Beard. 
6. Brief Note on the Soils of Jamaica, by F. Hardy. 
7. The Soils of Trinidad, by F. Hardy. 
8. The Soils of Tobago, by F. Hardy. 
9. Brief Description of Geology, Climate, Physiography and Soils of 

Puerto Rico, by J.A. Bonnet. 
10. A. l'reliminary Note on Soil-Forming Factors and Soil Formation in Suri-

nam, by J.M. Verhoog. 
11. Soil-Forming Factors in the Netherlands Yest Indies, by H.J. MUller. 
12. Lessons from the First Half Century of Soil Survey, by Roy 'W'. Simonson. 
15. La Colonisation Veg€tale Frimaire sur les Depots Recants de Nuages 

Denses de la Montagne Pel€e (Primary Plant Colonisation on the Recent 
Ash and rust Deposits of Mount Pel€e), by H. and M. Stehle. 

14. N€todos de Levantamiento y de Analisis de taboratorio de la Divisi6n 
de Suelos del M.A.c. (Methods of Sampling and Laboratory Analysis of 
the Soils Division of the M.A.c.), by Arnauld Haspil. 

15. Las Sources de l'Humus et de la Mati~re Organique aux Antilles 
Franraises (Sources of Humus and Organic Matter in the French West 
Indies), by H. Stehle. 

16. L'Evolution de la Connaissance Pedologique des Pr€colombiens 
Insulaires a nos jours aux Antilles Fran9aises (The Evolution of Pedo­
logical Knowledge from the time of the Insular Pre-columbian Inhabi­
tants to the present time in the French West Indies), by H. & M.Stehl&. 

17. Les Pionniers de la Colonisation Vegetale sur les Cuirasses 
Lateritiques en Guadeloupe (The Pioneers of Plant Colonisation on Lat­
eritic carapaces in Guadeloupe), by H. Stehl9. 

18. Breves Consideraciones Sobre los Metodos Utilizados para la Classifi­
caci6n y Mapeado de Suelos (Brief Discussions of the Methods used in 
the Classification and Plotting of Soils), by Luis J. Medina. 

19. Lee Principes des Travaux Cartographiques des Sols Dans les pays l 
Agriculture Intensive et Mercelee {The Principles of Cartographic work 
in connection with Soils in countries with Intensive Agriculture and 
Land Settlement), by J. Baeyens. 

20. M6thodes Employ€es en Haiti dans l'Etude des Sols (Methods employed in 
Haiti in the study of Soils). 

17 
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21. La Signification des Normes Chimiques du Besoin en Engrais des Sols 
Agricoles (The Significance of Chemical Norms in the need for Ferti­
lizers for Agricultural Soils), by J. Baeyens. 

22. On the Occurrence of "Katteklei" (Cat-clay) in Surinam, by H.J.l~uller. 
23. Soil Conservation, A World Opportunity, by H.H. Bennett. 
24. Notes on Tropical Climatology, by C.\-t. ThornthtJaite. 
25. Some Paleosols of Puerto Rico, by Clifford A. Kaye. 
26. Characteristic Clay Ninerals of Some Soil Types of the Lesser Antil­

les, by G. Rodrigues. 
27. Laboratory Methocs for Soil Analysis in use at Agricultural Experi­

ment Station, .Paramaribo, Surinam, by H.J. Hlnler. 
28. Soil Survey in the Union of South Africa, by C.R. van der Merwe. 
29. Soil Classification for Irrigation Purposes in Puerto Rico, by 

J .A. Bonnet. -
50. British Caribbean Soil Survey, Imperial College of Tropical Agricul­

ture - St. Vincent, Soil Survey Report, by K.C. Vernon. 
31. The Chemical and Physical Properties of the Zonal Soils of the 

Hawaiian Islands, by G. Donald Sherman. 
52. Remarks about Soil Classification in the Caribbean Area with special 

reference to Jamaica Soils, by R.F. Innes. 
55. Assessment system in Puerto Rico with special reference to Rural 

Areas, by David A. Rodrigues. 
54. Reconnaissance Soil Classification in Extensive Areas of Level Land 

in the Coastal Plain of the Dominican Republic, by J .A. Bonnet. 
55. The Constituent Miner~ls of Soils as related to Soil Problems, by 

C.D. Jeffries. 
?i6. Naming and Describing the Colours of Soils, by Robert L. Pendleton. 
?i7. Use of Soil Inventory Forms, by R. Earl Storie. 
58. A Land Capability Inventory Basic to Soil Conservation, by 

R.D. Hockensmith. 
59. A System of Soil Profile Characterization, by R.M. Smith and 

George Samuels. 
40 • The Soils of Guatemala, by Lawrence C. Wheeting. 
41. Soil Survey in Surinam, by J.M. Verhoog. 
42. Some Notes on Standardization of Methods of making Soil Surveys, by 

c.s. Simmons. 
431 Rapport somnaire sur les sols de la Guyane (A Brief Survey of the 

Soils of French Guiana), by Paul Bena. 
44. Soil as a Factor in the Occurrence of Two Types of Montane Forest in 

Puerto Rico, by Frank H. \radsworth and J .A. Bonnet. 
45. The Genesis and Morphology of Hawaiian Ferruginous Laterite Crusts, 

by G. Donald Sherman. 
46. Land Classification Programme in Puerto Rico, by Donald D. Dyer and 

C.F. Jones. 
47. Land Classification Scheme in Colombia, by J .V. tafaurie A.costa. 
48. Soil Development in Puerto Rico and Surinam, by Ray C. Roberts. 
49. Geologic Backgrounds in Caribbean Lanc1s, by Howard A. Meyerhoff • 

* Not distributed. 
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50, Some Observations on Soil Conservation Froctices in Two Islanas,of the 
Caribbean Archipelago, St. Tho:nas anc1 St. Vincent, by Ismael Velez, 

51. Soil Naps as an aid in Classifying Rural Land for Ptecom:nended Use, by 
A.B. Lewis. 

52. Classification and :t>~appin€' of Soils, Cl.assii'ication of Land for Rec­
ommended Use, Soil and Uater Conservation, and Land Utilizati-on ~s 
Integral Farta of a Land Improvement Prorramme, by A,B. Lewis. 

5~! notes sur les Neyens dtAction c1u Service Foreetier pour la Conserva ... 
tion et !'Amelioration des Sols dans le Depei~~ent de la Guadeloupe 
(Notes on the Heasures taken by the Forest Service for Soil Conserva­
tion and Improvement in Guadeloupe), by P. Noulin. 

(18) The orrar.isation of the Conference did not permit the reading 
or discussion of these pap0rs. In order to obviate the cisacvantafeS aris­
ing from a mere distribution of papers, and to facilitate that exchange of 
views which is a fun~amental aspect of technics~ conferences of this nature, 
the Preparatory Coomittee endorsed a Secretariat proposal for the organisa­
tion of a number of evenin{; seminars on "The So:!l J>roblems of the Caribbean 
and the Adjacent Countries", as follo\TS : 

~ 

Sunday, 
April 2 

Nonday, 
April 5 

Tuesday, 
April 4 

Chainan Speakers Subject 
I 

Dr. J .A. Bonnet Mr. R.D. Hockensmith Land Classification 
Dr, A.B. Lewis in a Caribbean Land 

Improvement Programme 

Prof. F. Hardy , Dr. Ro7 \1. Simonson Soil Research and 
Classification in a 
caribbean Land Im­
provement Programme 

Dr, Ismael Velez 

Mr. J .M. Verhoog Prof'. F. Hardy 
Mr. G. Rodrieues 

So:!l Conservation in 
the caribbean 

Fresent State of' Soil 
Knowledge in the 
British Caribbean 

Uedneeday~* Mr. G. Rodri~es Mr. J.M. Molina 
April 5 

Soils of Venezuela 

Soil~ of' Guatemala 

* Not distributed. 
** ~fternoon Dession, 

Mr. C .s . Sin!lnons 

Mr. M.A. Cesteros 
Mr, loX .J. Luke, Jr. 

Soils of the Dominican 
Re~blic 
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Date Chairman Speakers Subject -
Vednesaay, Dr. H. Stehle Mr. Ray C. Roberts Soils of Puerto 
April 5 Dr. J .A • Bonnet Rico 

Dr. C.D. Jeffries 
Dr. H .A. Meyerhoff 

Dr. J.V. Lafaurie Acosta Soils of Colombia 

Thursaay, Dr. J .A • Bonnet Mr. J .M. Verhoog Soil problems of 
April 6 Surinam 

Dr. n. Stehle Soils of French 
Antilles 

Mr. Paul B€na Soils of French 
Guiana 

Mr. P. Moulin Conservation and 
Improvement of 
Soils of Guadeloupe 

Friaay, Prof. F. Hardy Mr. u.s. Allison Soil Conservation 
April 7 Dr. Joaquin A. • Marrero in Puerto Rico and 

Mr. Juan P. Cordova the Virgin Islands 
Dr. R.M. Smith of the United 

States 



PART III 

SllRVEI OF EXISTING CONDITIONS, l?ROB!.mG AND RECOMMENDATIONS 
FOR THE CA.RIB~N ARFA 

(20) As stated above, the Conference organized three committees for 
the consideration of the agenda on a regional basis, in the light of the de• 
tailed tabulated statements presented for the individual territories. The 
Conference's report is as follows : ' 

21 



Surver of Existing Conditions 

I. SOIL FORMING FACTORS 

(1) a,ologx 

(a) Amount or information 
variableJ some territo­
ries have considerable 
information, others very 
little. 

More irlformation needed to 
fill in the gaps. 

(b) A complete bibliography An up-to-date list or works 
was published in 1938 in geology tor the Caribbean 
(L.M.R. Rutten, Bibliog- Region is needed. 
raphy or the~eolo~ 
the West Indies, Utrecht)o 

(2) TopographY 

(a) linds and degree or ac ... 
curacy or topographic 
maps variable. 

Need tor standardisation of 
maps and tor maps or dif­
ferent scales. 

(b) Few territories have Great need for completion of' 
aerial surveys completedo aerial surveys tor all ter­

ritorieso 

(c) Few have topographic 
maps based on aerial 
surveys available. 

Need for topographic maps 
based on aerial surveyso 

Recommendations 

Various geological institutes 
should be approached b,y the 
Caribbean Commission tor practi­
cal aid; i.e., tor extension or 
geological surveys (British 
Colonial Office, U.S. Geological 
Survey, Surinam Bureau of 
Geology, French Scientific lie­
search, Departments or Geology, 
Netherlands Universities). 

Territories should be requested 
by the-Commission to bring the 
1938 bibliography up-to-date and 
to keep it posted. 

Caribbean Commission should re­
quest the territorial Governments 
to expedite the completion of 
SUl~eys in their territories. 

Best scales of maps to be pro­
duced and used should be deter­
minedo A scale of 1:20,000 is 
satisfactory for aerial photo 
negatives. Enlargements to the 
required scale should be made 
from these negatives. 



Survey of Existing Conditions Problems 

(3) Climate 

(a) Variable rainfall data Need for more rainfall stations 
available, particularl7 especially in lesser developed 
for cultivated areaso areaso 

(b) Onl~ sparse data for 
intensity of rainfall 
available. 

(c) Onl7 sparse data for 
variations of tempera­
ture and wind available. 

(4) Vegetation 

Fair amount of informa­
tion available for most 
territories. noras and 
herbaria tor a few terri­
tories are available. 

Need for more recording rain 
gauges. 

• 
Need for more temperature sta­
tions. 

Additional : 

(i) Need tor evaporation 
(evapotranspirometric) 
data. 

(ii) Need tor dew measurements. 

Need for filling in the gaps 
and for more detail concerning 
undergrowths, second-growth 

successions and weeds as "soil 
markers11 • 

Recommendations 

Seek aid from meteorological au­
thorities, local meteorological 
and agricultural departments for 
purpos~ pf multiplying stations 
and installing additional in­
struments. 

The Caribbean Commission should 
draw to the attention of the pro­
posed ~eteorological Conference 
in June, 1950, the need for in­
creasing the number of stations 
and installing additional equip­
ment, particularly recording in­
struments. 

' Recommendation to Meteorological 
Conference as above. 

Seek-fUrther aid from Forest and 
Agricultural Departments and lo­
cal and metropolitan botanists 
and institutions. 



Survey of Existing Conditions Problems Recommendations 
~ 

II. STANDARDISATION OF SOIL 
SURVEI METHODS 

(1) Field Methods 

(a) Little experience out- A need for development or me- The individual organisations 
side of Puerto Rico, thode by further experience. should seek the cooperation of 
Trinidad-Tobago, British soil-survey organisations which 
Honduras, Antigua and possess the necessary informa-
Surinam, where detailed tion, experience and knowledge. 
soil surveys have already fg 
been made. ~ 

(b) Mostly profile-pit and Exchange or information and Soil-sUrVeyors in the different ~ 
auger methods have been experience required concern- territories might prepare a list ~ used. ing both methods and equip- and description of the methods 0 

ment (e.g., kinds or augers and equipment in use for circu· ~ 

and boring implements). lation among all territories. ~ 

(2) l!boratory Methods ~ 
(a) There is considerable The need for special equip- Soil chemists in the different I variation in the methods ment (e.g., the flame photo- territories-might prepare a list 

used in the laboratories meter) was expressed, and and description of the methods 
or the different terri· also detailed instructions in use in tlieir laboratories for 
tories, partly because as to how to use and main· general-circulation b.1 the 
the present needs are tain such apparatus under Commission's Secretariat. 
variableo tropical conditions. 

(b) The following routine de- The need ot additional junior Grants-be sought by the Commie· 
terminationsare made in trained staff was expressed sion to-help to establish soils 
most laboratories :- for Trinidad, Tobago, and laboratories where none exist, 

mechanical analysis, Surinam. to enlarge the staffs ot libora-
pH, calcium carbonate, ~ories-at present inadeqUately 
organic matter, total The need of a soils laborato- staffed,- ail<l" for-the purchase of 
nitrogeng available phos- ry for French Guiana was in· special equipment, where re-
phate and potash. dicated by the French dele- quired. 



Surv~~isting Conditions 

(2) Iaboratorl,_ Methods 

(b) (Contd.) 

Many determine ex­
change capacity and ex­
changeable b:lses as 
routine work, and some 
measure chloride and 
sulphate. A few deter­
mine lime=requirement 
as routine. 

(c) Routine physical deter• 
minations (e.g., of 
structure and pore­
space) are not general­
ly undertaken .. 

gates. 

The need was expressed of 
mineral analyses by special 
methods (e.g., X-ray, differ• 
ential therual analysis and 
X-ray spectroscopic methods), 
possibly to be undertaken at 
a Central Laboratory. It was 
indicated, however, that if 
such a laboratory were con• 
templated, the equipment 
might rapidly deteriorate be­
cause of high humidity; henc~ 
samples may have to be sent 
abroad for examination. 

The study of physical methods 
should be extended, and con­
sideration given to their 
application as routine deter­
minations. 

Recommendations 

Instrument makers be invited by 
the Commission to consider the 
design and manufacture of damp­
pro.,r app:~.ratus of the kinds re­
ferred to in the second column as 
well as other electrical equip­
ment. 

Lists of equipment makers should 
be furnished the Commission by 
the Soils Laboratories in the 
area. 

Enquiries be made by the Commis­
sion into the possibility of 
modifying existing quarantine 
and customs-regulations to expe­
dite the exchange of soil samples 
and the delivery of samples to 
any Central-Laboratories that 
might be established in the 
Caribbean region. 

Information should be sought by 
individual scientists from inves­
tigators having-experience-of 
physical methods of soil analysis 
and their application to routine 
work for dissemination in the 
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(2) ~~ory Methods 

{c) {Contd.) 

ITI. SYSTEMS OF SOIL CLASSIFI­
CATION 

Systems so far used have 
been mostly petrological, 
except Puerto Rico, St. 
Croix, Antigua and Surinam, 
where pedological system 
was usedo Drainage has 
been used in classifying 
the soils of Trinidad­
Tobago and British 
Honduras., 

IV o DETAILED REGIONAL PRO­
GRAMMES OF SOIL SURVEY 

The extent of surveyed 
areas and the intensity or 
the survey vary greatly, 
from nil in some areas to 
complete detailed surveys 
in parts of Surinam, 
Trinidad, Antigua, and 
Puerto Rico. 

Need for standardisation and 
comparison with Puerto Rico 
system. 

Soil surveys are needed in 
different degrees or inten­
sity for most territories; 
for example, land settlement 
in Surinam, arable land in 
the Netherlands West Indies, 
most or the lands or Jamaica, 
unsurveyed parts of Trinidad 
and Tobago, par.ts of British 
Guiana and British Honduras, 
the whole of the British 
Leeward and Windward Islands, 

·the French territories, and 
the Virgin Islands, both 

Recommendations 

Caribbean region. 

Individual organisations should 
-seek aid from USDA authorities, 
particularly-from those who have 
had experience with soils in 
Puerto Rico. 

Individual territories should es­
tablish survey organisations or 
extend activities of existing 
survey·organisations, as appro­
priate. 
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IV. DETAILED REGIONAL PRO­
GRAMVFS OF SOIL SURVEY 
(Contd.) 

V. SOIL EROOION, CONSERVA­
TION AND RENOVATION 

In view or improper land 
use as a result or cer­
tain social and economic 
conditions in the Carib­
bean area, and with spe­
cial reference to topog­
raphy, climate and soil 
types, soil erosion has 
become a very serious 
problem. 

(a) No systematic survey 
or soil erosion has 
been carried out in 
most or the territo­
ries. 

United States and British, 

Inability on the part or terri­
tories to provide sufficient 
technical personnel and labora­
tory facilities required for 
the procurement or necessary 
information. 

Recommendations 

Individual Governments should be 
urged to establish erosion sur­
veys. 

The methods in use in Puerto Rico, 
or modifications to suit local 
conditions, should-be considered 
by other territories. 

Reconnaissance data on erosion 
and other factors or importance 
to soil conservation should be 
mapped at the time or the basic 
soil survey, as aids in deter­
mining-a-need for a soil and 
water conservation programme. 
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V. (a) (Contd.) 

(b) A definite need is appar­
ent in most territories 
for a programme or soil 
and water conservationo 

(c) Lack or technical data on 
factors affecting erodi­
bility of soils. 

Problems 

There is a general lack, over 
much or the area, of the nec­
essary territorial organisa­
tion. 

Lack of enabling legislation 
in most territories, which is 
essential for the initiation 
and implements tion or ade-~ ... 
quate conservation programmes, 
is a limiting factor. 

Information is required on 
precipitation, evaporation, 
run-off, percolation and 
other factors. 

~mendatione 

Solicit technical and financial 
assistance under the Expanded 
Technical Assistance Programme or 
the United Nations and individual 
governments, the Economic Cooper­
ation Administration, the Food 
and Agriculture-Organisation of 
the United Nations, the Conserva­
tion Foundation (New York), and 
other sources. 

The necessary organisation should 
be provided in these territories. 

. - -- - . .. ... 

The territories should enact ap­
propriate legislation, such as 
the Soil Conservation Districts 
Act in force -in Puerto Rico and 
the Virgin Islands of the United 
States, which-will provide for 
the proper-execution or suitable 
conservation programmeso 

Such legislation should provide 
for the appropriation and use or 
funds, control or forest reserves 
and watershed areas, and the con­
trol or water and soil whenever 
these affect the public welfare. 

Research on these lines should be 
instituted b,y individual territo­
ries. 
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(d) Lack of land capability 
maps in many territories. 

(e) There is lack of popular 
understanding of basic 
principles of soil erosion 
and soil conservation in 
their broadest aspects. 

Problems ---
Absence of necessary data on 
which to base land capability 
surveys. 

In view of the fact that the 
application of soil conserva­
tion methods depends greatly 
on the attitude of the popula­
tion, it is felt to be of 
great importance that the 
people be made conservation 
minded. 

(t) In most or the territories, Deficiency of technical knowl­
conservation farm planning edge in soil conservation. 
is not undertaken. 

(g) There are large areas or 
land which have become un­
suited to cultivation 
through soil erosion in 
this area. 

(h) There is no unified soil 
conservation programme 
throughout the Caribbean 
area. 

Inadequate services tor the 
dissemination and interpreta­
tion of scientific informa­
tion. 

Difficulty of conversion to 
more desirable land use, owing 
to population pressure and 
other social and economic fac­
tors, in many cases. 

Lack of coordination among the 
territories and the agencies 
participating in soil conser­
vation in the Caribbean area. 

Recommendations 

As soon as the necessary basic 
data become available, land capa­
bility maps should be prepared in 
the territories. 

The territories are requested to 
consider the various ways and 
means of disseminating conserva­
tion information amongst the 
population. This could be 
achieved primarily qy education, 
including lectures, moving pic­
tures, and by' the distribution of 
appropriate educational material. 

Governments should be urged to 
establish the necessary organisa­
tions to extend technical knowl­
edge and assistance to the agri­
cultural population, where such 
organisations are not already 
established. 

If and-where possible, these 
lands should be converted from 
cultivated crops to pasture, 
forage and forest cover crops in 
these areas. 

A Co-ordinating Soil Conservation 
Committee should be-appointed by 
the Commission to act as an over­
all committee to guide soil con­
servation work, in the Caribbean 
area. 

This committee should be composed 
or specialists in the field of 
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V. (h) (Contd.) 

Many territories or parts 
of territories have simio 
lar soils, topography, 
and crop conditions, but 
there is inadequate in~ 
formation concerning 
their distribution and 
extent o This information 
is needed to reduce the 
expenses of research re• 
sulting from duplication 
of eff'orto 

VI. lAND CIAE.SIFICATION 

(1) Base lVfaE§ 

Adequate base maps are 
essential in collecting 
and interpreting the data 
needed in making both 
land capability classifi­
cation and economic land 
use classification. 

Problems 

The definition of these areas 
will depend on the completion 
of soil and land surveyso 

The principal problem in­
volved in acquiring more and 
better rese maps is that or 
finance. In some cases, 
there are problems of proce­
dure involved in arranging 
for maps and photographs in 
the possession of one Govern-

Recommendations 

conservation and related subjects. 

This Committee should collect and 
disseminate all available and fu­
ture information and publications 
on soil erosion, conservation, 
renovation; legislation and relat­
ed subjects, through the facili­
ties of the Caribbean Commission. 

The Co-ordinating Soil Conserva­
tion Committee should expedite 
the completion of the necessary 
surveys and the designation of 
similar land areaso 

The necessary steps should be 
taken by governments to provide 
aerial photographs for their 
territories for use in land 
classification. Such photographs 
should be to a scale at least 
1:20,000, and, preferably, 
1:10,000. 
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(1) ~IJlaps (Contd.) 

Adequate bise maps and 
aerial photographs are 
available only for a por­
tion of the Caribbean areao 

ment to be used by another 
Government. 

Recommendations 

The United States Section of the 
Caribbean Commission should be 
requested to arrange to make 
available to the territories or 
other Sections of the Commission 
either the negatives of aerial 
photographs made b,y the United 
States Army in various Caribbean 
territories or enlargements based 
upon cuch negatives. 

The United States Section of the 
Commission should be requested to 
explore the possibilities of the 
United States Armed Forces ex­
tending their coverage of aerial 
photographs over other territo­
ries or the Caribbeang not yet 
photographed. 

The United States Section of the 
Caribbean Commission should be 
requested to determine the extent 
to which the United States Coast 
and Geodetic Survey has made top­
ographic maps of Caribbean areas; 
to make such-maps available to 
the other-Sections of the Commis­
sion for use in land classifica­
tion; and to explore the possi­
bility or the work of the United 
States Coast and Geodetic Survey 
being extended-into other Carib* 
bean territories not•yet covered. 



Survey of Existin_g_QQnditions 

(1) Base Mlps (Contd.) 

(2) ~ Cat!=bility Classifi£!: 
llin 

Problems 

Land capability and similar Shortage of funds and, parti­
maps have been made for onm cularly, of trained personnel 
ly a small part of the areao for extending land capability 

classificationo 

Because or the shortage of 
trained personnel~ there is a 
possibility that work in the 
various parts of the several 
Caribbean territories will be 
done from different points of 
view and based on different 
principle so 

Recommendations 

Cadastral maps of Caribbean terri­
tories, made through the use of 
aerial photographs and other means, 
should be completed as soon as 
possible in view of their value in 
land classification and tor other 
purposes. 

Land capability classification 
should be initiated in all Carib­
bean territories or completed in 
territories where it has already 
been begun, as a guide for public 
policies and private practices in 
land utilisation. 

In the process of making land ca­
pability maps, maps of existing 
land use on farms would be pre­
pared as an incidental part of the 
land capability classification. 

It is highly desirable that land 
capability classification should 
proceed on a basis of uniform 
principles, so that the results 
may be comparable and interchange 
of information facilitated. 

The Caribbean Commission should 
explore the possibilities oZ cb­
taining technical assistance 



Survey of Existing Conditi£n§ Problems Recommendations 

(2) Land Ca~bilitl Classifies-
1!.Q!! ( C ontd. ) 

through the United Nations Ex-
(/) 

~ panded Technical Assistance Pro-
gramme and other sources in the ~ 
training of personnel for, and in 

~ the planning and initiation of, 
programmes of land capability ~ 
classification as part of a ~ 
Caribbean land Improvement Fro- t-3 

H 
gramme. ~~ 

(3) 
~Cl 

Farm ~Bnagement Research 0 

~~ Farm management studies are lack of funds, and, princi- Farm management studies should be ClH 
necessary as a l:asis for IX\ll:r' shortage or personnel initiated in all territories of r;o 
economic land classifica- trained in the principles and the Caribbean where they have not Hlli 

til .. 
tion, as well as for other methods ot farm management already been begun, and should be til 

research on the factors in- analysis. expanded in most of the territo- r:z;s 
fluencing the success of ries where work has already been i~ individual farmers. started. 

For most ot the Caribbean The Caribbean Commission should > 
territories, with the ex- explore the possibility of ob- ~ 
ception ot Puerto Rico, taining technical assistance ~ little farm management re- through the United Nations Ex- 0 search has been done. panded Technical Assistance Pro- ~ 

gramme and from other sources, ~ 

in the training of agricultural ~ personnel in the principles and H 
methods of farm management analy- 0 

sis. iii 

(4) Economic Land Classifica-
tion 

CJq 

No work has been done, ex- Shortage of personnel ade- Economic land classification maps 
CJq 
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(4) Economic Land Classification 
(contd:r-

cept in Fuerto Rico. 

Problems 

quatel1 trained in the princi­
ple e or farm management and 
economic land classification to 
undertake and supervise the 
work. A secondary problem is 
that of obtaining fUDds for 
such classification~ 

Recommendations 

should be prepared as rapidly 
as it is possible to obtain or 
train the necessary personnel 
in all Caribbean territories 
where they have not yet been 
completed. Detailed maps or 
the present use of the land 
would be made as an integral 
part or the process of classi­
f,ying the land into economic 
land use classes. These land 
use maps would be more detailed 
and more specific than those 
required for the land capability 
classification described pre­
viously. 

The Caribbean-Commission should 
explore the possibility of ob­
taining technical assistance 
through the United Nations Ex­
panded Technical Assistance 
Pro-gramme and from other 
sources, in-obtaining and 
training personnel for economic 
land use classification in the 
Caribbean. 



--
RECONMENDED lAND rniROVEHENT FROGRAMME FOR THE CARIBBEA.N AREA. 

~..£1!! 

(21) The Conference has given the most careful consideration to 
the interest taken by the Caribbean Commission in the Soil and Land prob­
lem of the area, to the hope that it has generally expressed for practical 
and practicable recommendations, and to the acuteness of the agricultural 
problems of the area Yhich are to be the theme of the West Indian Confer­
ence (Fourth Session), to be held in Curacao in November, 1950. 

(22) 'No resource is of such importance in the support of mankind 
as the land, including its YBter supply, on Yhich crops, farm animals, and 
forests are produced. At the same time, hoYever, the misuse and under-de­
velopment of this resource are Yidespread, giving rise to hardships and 
losses, and limiting the living levels of entire populations, especia~ 
those Yho obtain their living directly from the land. These conditions 
are seen in Jll9.ny parts of the Caribbean area. 

(23) Fortunately, YBys and means have been devised and used in va-
rious countries in preventing the misuse of land resources, developing the 
potentialities of various kinds of land, and thus safeguarding and improv­
ing the livelihood of the people. For the successful planning and conduct 
of such land utilisation programmes, hoYever, basic information of a sci­
entific nature must be obtained, and organizations and activities must be 
established and initiated for this purpose. These activities are designe~ 
essentially, to determine and show the varying characteristics of land 
that should govern decisions by the public and by private persons as to 
how the land is to be used to the best advantage. These essential activi­
ties may be briefly described as folloYB : 

(24) (a) The soil survey, Yith accompanying soil classification 
and research, determines and shoYs the characteristics of the many types 
ot son, their origin and how they have been formed, and their geographic 
relation to each other. Soil research determines response of the soil to 
fertilizers, cultivation, and other management factors. Soil maps can be 
made only by soil scientists trained in the subject. &s base maps for 
soil surveys, aerial photographs and topographic I!$ips are required. 

(25) (b) The land capability map classifies the land within farms 
and within fields according to the use and treatment to which the land is 
adapted from the physical and agronomic point of view, as distinct from 
the general economic characteristics of large areas. It is a detailed 
classification, such as is useful to an individual farmer in planning the 

35 
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use and treatment of each separate portion of his farmo 

(26) In the land capability classification many land characteris-
tics are considereda Th0se include the soil and such factors as slope, 
stoniness, rock outcrop, climate, drainage~ and past soil losses by ero­
siono On all these bases the land is first classified as to whether or 
not it is useful for cultivationo Land suited to cultivation is subclas­
sified according to the number and force of limitations it possesses as to 
its use and treatmento The laad not suited to cultivation is similarly 
subclassified as to limitations of use and treatment under uses not re= 
quiring cultivation, such as, for example, forest or grazingo 

(27) Determination of land capability classes is not merelY a mat-
ter of field mapping, but is based on scientific investigations made ~ 
specialists in various sciences. It is an art based on science, and can 
be accomplished only by adequately trained personnelo For land capability 
surveying and mapping, aerial ph'.:ltographs and cadastral survey maps are 
needed as base mapso Soil information and relationships obtained in the 
soil survey and soil research are utilized in classifying land from the 
land capability viewpointo 

(28) (c) Farm management surveys and research are conducted in 
order to determine and show the importance of various factors, including 
the character of the land, in influencing farming returns and the improve­
ment and development of farmso Information so obtained is indispensable 
in guiding the reorganisation of farms based on land capability maps, in 
establishing standards for economic land classification, described below, 
and for many other purposes. 

(29) (d) Economic land use classification is a generalised classi= 
fication of larger areas» within which farms are situated, from the view­
point of the degree of intensity of use to which the land is adapted. Tre 
economic land classification serves as a guide for public progra~n~s in­
tended to improve land utilisation and to develop land resources as well 
as for private decisions of a fmdamental nature involving land useo 
Among these programmes is that of soil and water conservation, for which 
the land capability maps (described above) are necessary in dealing with 
problems on a farm~by=farm basis or on groups of farms whose conservation 
problems are relatedo Other public land improvement programmes for which 
the economic land classification serves as a basis and guide include new 
agricultural settlements, reforestation» rural electrification, extension 
or improvement of irrigation and drainage 9 improvement of rural roads, 
planning of rural school systems, and guiding the formation of policy and 
the conduct of programmes in the fields of land taxation, rural credit, 
rural fire insm·an~a 11 agricultural extension or advisory work amongst 
farmers, and others o Such maps also serve as an indispensable framework 
for agricultural economic researchs especially farm management and land 
economic research. 
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(50) Economic land use classification maps are made by specialists 
with training in the principles of farm management and land economics and 
with the necessary field experience. The base maps required are topo­
graphic maps and aerial photographso In the classification, soil survey 
maps or land capability maps, or both, are used, while economic data in­
cluding detailed data on existing land use are also considered. 

(31) The foregoing activities establish a reliable basis for a 
land improvement proere.mme in any area where they are carried out. In 
view of past experience, it is certain that programmes intended to regu­
late, improve, or develop the use of land resources can be safely planned 
and conducted only on such a basiso 

(52) It is recognized, however, that countries or territories car-
rying out such activities on~ do so through the use of considerable funds 
and trained personnel, and that programmes must be adapted to the resources 
of €OVernments as well as the needs of their territories. 

It is desirable, for example, to have a complete land capa­
bility map of an area available before making an economic land use classi­
fication map of that area, but it is possible and sometimes necessary to 
make an economic land clats map before a complete land capability map can 
be made. In that case, the economic land classification is based on 
whatever physical, soil and other land data are available, together with 
data on land use and other economic factors. S~~larly, it is best to 
have at least a soil association map of the territory to be classified and 
detailed soil surveys of sample areas before a land capability classifica­
tion or economic land use classification is initiated; but the urgent need 
of land capability maps and economic land use maps may require that clas­
sification of both kinds be begun before the basic soil studies have been 
conpleted to this extent. 

Recommendations 

(55) The Conference, therefore, recommends :-

lo That each caribbean territory that has not already done so initiate 
within its boundaries a comprehensive Land Improvement Fro~e; 
and that a high degree of coordination of effort be maintained as 
between the various territories in the planning and carrying out of 
these programmes. 

2o That' these progrananes comprise the followine activities: 

(a) Soil surveys, classification, and research 

(b) Land capability surveys and classification 
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(c) Farm management surveys and researCh 

(d) Economic land use classification 

{e) Specific land utilisation programmes, including soil and 
yater conservation~ based on the information provided b,y the 
foregoing activities. 

3o That the government of each territory appoint a general land im­
provement administrator or a coordinating conmittee for land im­
provement and take other appropriate steps to insure that the above­
mentioned five activities are conducted in such a ~ay as to form an 
integrated Land Improvement Programme ~ithin the territory. 

4. That the territorial governments, with the aid of the caribbean Com­
mission, seek to obtain such technical assistance, through the ex­
isting Technical Assistance Programme of the United Nations, the 
projected ~nded Technical Assistance Programme of the United Na­
tions, technical assistance programmes of governments, and other 
sources, as they may require in initiating and conducting the Land 
Improvement Programme. 

5. That, in vie~ of the shortage of personnel in the Caribbean area ~ho 
have been adequately trained in the activities required for a Land 
Improvement Programme, the Caribbean Commission and the Food and 
Agriculture Organisation of the United Nations assist territorial 
governments in making application to the authorities in charge of the 
existing Technical Assistance Programme of the United Nations for the 
allocation of United Nations fello~hips for the necessary technical 
training in these fields of specialists of the caribbean area. 

6. That the caribbean Commission appoint to its staff a technical Land 
Improvement Officer; that this Officer have the duty of obtaining in­
formation, through correspondence ~ith appropriate technical officers 
of the territorial governments, on the status and progress of each of 
the five activities in their land improvement programmes, compiling 
and collating this information, and making it available to all 
territorial governments and the four National Sections of the Commis­
sion; and that he also have the duty of obtaining and collecting in a 
similar manner, and making available to all territorial governments 
and the four National Sections of the Commission, information on the 
kinds and amount of technical assistance required by all the govern­
ments in initiating and conducting their Land Improvement Programmes. 

7., That arrangements be made through the Caribbean Commission whereby 
the officers in charge of the land improvement programmes in the va­
rious Caribbean territories would correspond and periodically confer 
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on the aChninistration of these programmes, so as to achieve as much 
coordination as is desirable and feasible between the Land Improve­
ment Programmes of the various territories and advise the Land Im• 
provement Officer of the Commission on policy in the administration 
of Land Improvement Programmes; and that these officers should con­
stitute a Land Improvement Advisory Council of the Research Council 
of the Commission. 

a. That the Commission, with the advice of the territorial govermnents, 
appoint the following three technical sub-committees of the Land Im­
provement Advisory Council, suitably representative of the organisa­
tions engaged in the Land Improvement Programme in all territories, 
to advise and assist the Land Improvement Officer of the Commission 
in collecting and collating information and facilitating its ex­
change amongst territories and National Sections : 

(a) A technical committee on soil surveys, classification, and 
research consisting of specialists engaged in the work. 

(b) l technical committee on land capability surveys and classi­
fication and soil and ~ter conservation. 

(c) l technical committee on farm management research, economic 
land use classification, and land utilization programmes. 



GENERAL IDX:OMHENDATIONS 

(54) The Conference, in plenary session, adopted the following 
recommendations : 

1. The delegates to the Conference record their gratitude for the 
assistance rendered br the many observers, visitors and other per• 
sons from several countries and organisations interested in or con­
cerned with the stuqy of tropical soils. These observers, visitors 
and other persons plrticipated fully in the deliberations, and their 
individual scientific eminence and collective competence contributed 
equally to the comprehensiveness of the discussions and to the ex­
change or technical information covering a wider field than would 
have been possible without them. The Conference regards such invi­
tations, on the widest possible basis, as essential for all similar 
technical conferences, and takes this opportunity or emphasising 
that technical problems and needs know no political boundaries. 

2. The Conference, while expressing its appreciation or the many and 
varied valuable technical papers presented to it, considers that, 
for future technical conferences, aey Preparatory Committee appoint­
ed to assist in their preparation should•select the scientists who 
should be invited to prepare pipers and the titles or the papers 
which should be prepared, with a view to reducing their number. 

5. The Conference, having given careful consideration to the seminars 
which have been arranged, is of the opinion that these seminars re­
present a valuable medium for the dissemination and exchange or per­
tinent information and in facilitating contacts between scientists 
in the area and between them and their colleagues outside. It takes 
the view that such seminars should form an integral part of all fu­
ture technical conferences, and that participants should be invited 
to prepire pipers for such seminars in advance of the Conference. 

4. The Conference considers that the Central Secretariat of the Carib­
bean Commission should endeavour to publish the papers submitted to 
the Conference, or, if that is not feasible, should use its good of­
fices with appropriate journals and organisations in the metropoli­
tan countries and/or caribbean territories with a view to securing 
the publication of as ma~ of the papers as possible. 

5. The Conference records its appreciation of the extensive and valu­
able field trips arranged for its members, and is of the opinion 
that similar trips should be included in the programme or an future 
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technical conferences, to take place, where possible, before the 
Conference-~! 

41 

Contact is thereby established between the participants of the Confer­
ence at an early stage and the process of interchange of information and 
ideas greatly facilitatea. Such field trips also perform the valuable 
function ~f making participants acquainteo with the problems of the area. 



PART VI 

RESOLUTIONS 

(55) The following resolutions were adopted by acclamation by the . 
Conference : 

1 o The Soils Conference meeting in Puerto Rico wishes to express to the 
.Government of Puerto Rico its grateful appreciation of the courtesies 
'and hospitality extended to its members, and particularly of the ar­
rangements made for their transportation. 

2o The Conference wishes to record its warm appreciation of the facili­
ties extended to it by the Chancellor of the University of Puerto 
Rico, ~o kindly consented to open the Conference, and by the Acting 
Director of the Agricultural Experiment Station of the University, 
in accommocating the Conference, providing office space and meeting 
rooms, and all local transportation. 

5o The Conference wishes to record its appreciation of the facilities 
extended to it by the Puerto Rico High School of Commerce which 
placed its dormitories, cafeteria and auditorium at the disposal of 
members of the Conference. 

4o The Conference wishes to pay the warmest tribute to Dr. Juan Ao Bonnet, 
as a result of whose untiring devotion and indefatigable efforts, 
first as chairman of the Preparatory Committee, and later as chairman 
of the Conference, a large number of eminent scientists was assembled, 
a considerable quantity of technical information amassed, and the 
success of the Conference is largely to be attributed. 

5o The Conference wishes to place on record its appreciation of the 
labours of the members of the Preparatory Committee who were re­
sponsible for the arrangement of the scientific programme of the 
Conference, and expresses the opinion that the appointment of simi­
lar Preparatory Committees is an essential prerequisite for all 
future technical conference~. 

So The Conference places on record its appreciation of the services 
rendered by the Secretariat staff in enabling the work of the Con­
ference to progress smoothly and successfully. 



Survey of Existing Conditions 

I. Soil Forming Factors Data 

1. Considerable amount of 
informatio~ available on 
geology (Spencer, Purves, 
Iugler, etc.) 

2. Fair amount known about 
topography (wi.ll. Davis). 
Aerial survey completed 
by United States author­
ities during World War 
II. 

B. Considerable information 
published regarding 
rainfall and other 
meteorological matters. 

4. Fair amount known about 
natural vegetation 
(Beard, etc.) 

II. Standardisation of Soil 
Survey 'f.lethods 

1. Detailed field-to-field 
survey or most ot the 
island carried out by 
C.F. Charter (1938). 

APPENDIX A 

ANriGtL\. 

froblems 

1. Need of detailed informa­
tion on clay mineral compo­
nents of parent rocks and 
soil materials. 

2. Need of detailed topograph­
ical u:aps compiled from 
aerial survey photographs. 

B. Need or recording rain 
gauges. 

Recommendations 

1. Increase the staff and 
facilities of British 
Caribbean Soil Survey. 



Survel of Existing Conditions Problel'!'s Recommendations 

II. (Contd.) 

2. Profile pit samples ana-
lysed for most soil types 
(Hardy and Rodrigues : 
I.C .T.A.) 

III. Sistems of Soil Classifi-
£.ill.2n and 11a.E,Eing 

Classification of soils on en 
I.C.T.A. system essential-

0 .... 
ly geological. Charter's t-t 

system based on pedologi- ~ 
cal principles; stresses ~ derivation of parent mate-
rials and their content of t-:1 

calcium carbonate. ~ 
~ 

IV. Detailed Regional P£2: gj 
gramme of Soil Survey (") 

~ 
Soil survey more or less Soil maps urgently needed. 1. Increase the facilities of the 

.... 
tJj 

completed for the agricul- British Caribbean Soil Survey. e tural areas 1~ .. 1·. Charter, z 
1938} (See II). 2. Seek help-from Government Car~ 

tographers. 

v. §urvey of Soil Erosion~ 
Q£nservation9 Renov!1!2n 

No reliable information Need for systematic surveys. Increase staff and facilities of 
available or published British Caribbean Soil Survey. 
regarding soil erosion. 



Survey or ~istir4 Conditio~~ 

VI. .lpplication or Soil Survey 
to Land Utilisation 

Probl~!!''3 

Nothing concrete attempted, Need far formulation of more 
although land settlements specific plans for settlement 
have been initiated. or peasants. 

1. Formation of committee or 1n1 ... 
tiation of discussions. 

2. Possibly seek aid from U.S. 
author~ t !~"'. 



Survey-2f Existing Conditions 

I. Soil Forming Factors Data 

lo Considerable amount of 
geological information 
available. 

2. Some topographical data 
available. 

5. Abundant meteorological 
data available. 

4. Considerable informa­
tion available on vegea 
tation9 both remnanta 
forest 9 weeds and na­
tive flora. 

IIo Standardisation of Soil 
Survey Methods 

No data availableo 

IIIo Systems of Soil Classifi­
cation and MiPPing 

No data availableo 

IV. Detailed Regional Pro­
~mme of Soil Survey 

BARBADOO 

Problems 

Need for information regarding 
variation in composition or 
limestone of the different 
terraces as affected b,y impuri= 
ties. 

Rough soil map availableo Need for detailed soil survey9 
Article on soils already with especial reference to (a) 
published (Saint9 1954). depth of soil~ (b) nature of 

Recommenda~ 

1 .. Seek help from analytical 
chemists, etc. 

1. Increase starr and facilities 
of British Caribbean Soil 
Survey. 



Survey or Existing Conditions Problems Recommendations 

IV. (Contd.) 

parent materials, whether lagoon z. Seek cooperation of Barbados 

V. Survey or SoU Erosion, 
Conservation, Renovation 

deposits or limestone solution- Dept. of Agriculture. 
residues. 

Some information available Need tar assessment ot soil- As IV. 
regarding soil erosion in losses in the red and black soil 
the Scotland District. areas. 

VI. Application ot Soil Survey 
to lAnd Utilisation 

Nothing published as far 
as known. 



ANNEX I 

METHODS OF FIELD SURVEY AND ROUTINE SOIL ANALYSIS IN USE AT 
THE GO~ lABORATORY, BA.RBAOOS 

By 

The methods described are being applied to surface composite soil 
samples, and such soil samples taken during the course of soil survey and 
other diagnostic soil investigations. 

~ : If the area under investigation is sntlll, random surface 
soil samples are taken to a depth of 9 inches. Profile pits dug on selected 
sites are rectangular and approximate to 3 feet b.1 3 feet wide, and a maxi­
mum of 5 feet deep. Profile samples are taken in relation to visual profile 
characteristics. This may not only vary with soil colour, but, as the soils 
sampled are all cultivated, with the profile face appearance also, i.e. hy­
drological features, especially where a 11 catena11 classification into the 
four Turner soil groups is being undertaken. The samples taken are placed 
in cotton bags and labelled. 

References 

Turner, P.E., Report on Development in Sugar Cane Agriculture in Barbados, 
with special reference to methods of Tillage, Drainage and 
Contour Cultivation, 1945. 

Turner, P.E., Third report on lJevelopment in Sugar Cane Agriculture in 
Barbados, with spec1al reference to Cultivation and Drain­
~e problems of the four agricultural groups of soils, 
1948. 

Labora~Jory Preparation : The samples are spaced out in wooden 
trays, any large lumps being broken down, and 41r dried. They are broken 
down in a wooden mortar and pestle, and sifted through a 2 mm. sieve. 
Stones are estimated as per cent gravel. 

Laboratory Analysis : All analyses carried out on air dry soil 
which bas passed a 2 mm. sieve, unless otherwise stated. 

(i) Reaction : This is measured on an aqueous suspension, 1 part soil 
2.5 parts water, by means of the quinhydrone electrodeo 

48 
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(ii) Calcium carbonate Content (free) : This is measurea by means of the 
Collins Calcimeter • 

(iii) Orcynic Matter : l moaification of the \lalkey-Bl.ack method of estima­
tion is used, whereby the green colour of the oxidised reagent is 
measured on a spectrophotometer. (This method has recently replaced 
the previous wet oxidation method) 

ReferPnceos 

Soil Science, 1948, 65, 181. 

Soil Science, 1948, 66, 241. 

(iv) Nitroeen : Nitroeen is determined according to the Kjeldahl method, 
using 10 grms. soil, 10 erma. potassium sulphate, a cl")'stal of 
copper sul}:hate as catalyst, and 50 ml. concentratea N free sulphuric 
acid. 

(v) Chloride : For this determination 100 grms. of air-dr.T soil are 
shaken for 15 minutes with 500 ml. distilled water. The filtrate is 
titrated with N/55.5 silver nitrate with potassium dichromate as the 
indicator. 

(vi) Available Phosphate : & new method has ~ecently been adopted. Twen~ 
ty-five grms. of air-dry soil are extracted with 100 ml. of Horgan's 
Universal Extracting solution by shaking for 5 minutes and filtering. 
Measurement is made on a spectrophotometer of the blue colour pro­
duced in the presence of phosphate after the addition of molybate 
and stannous chloride solutions. This method is both rapid and 
accurate, and avoids the error of human element in the colour 
measurement. 

Reference 

~ •• 1946, 65, 208. 

(vii) Available Potash : For the determination of available potash, the 
same extract is used from the determination of available phosphate. 
A turbidireetric estimation of the stable cloud formed when potassium 
reacts with sodium cobaltinitrite in the presence of a glycol-alcohol 
mixture which rives maximum dispersion, is made with a spectrophotom­
eter. This method is both rapid and accurate. 

Reference 
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(viii) Total exchangeable bases and exchangeable hydrogen : These are de­
termined b,y the Schellenberger neutral ammonia acetate method, using 
25 grms. of soil and 500 ml. of leaching solution. Exchangeable hy­
drogen ion concentration in an acid soil is then determined by elec­
trometric titration to pH 7. Evaporation of the leachate heating 
gentl7 in a silica dish for a few minutes, and then for 20 minutes 
stronglJ, will give the value on back titration with L. caustic soda, 
for the exchangeable bases. 'We are thinking of 10 introducing 
the Barium Chloride Triethanolamine (at pH 8.1) method of analJsis 
of calcareous coral limestone soils. 

Reference 

Soil Science, 1948, 66, 429. 

(ix) Total base exchange capacity: In addition to the above (viii), this 
factor can be determined b,y replacing the adsorbed NH4+ ions in the 
soil after washing out excess ammonia acetate with neutral 80 per 
cent. alcohol. 

Reference 

Soil Science, 1945, 3-7, 13. 

Modification in presence of excess manganese oxides. 

Analytical Chemistry, 1948, 20, 1121. 

Exchangeable calcium is estimatea on the residue from (viii) above, 
after separation and precipitation as the oxalate. 

(x) Mechanical Analysis : The international pipette analysis method is 
used for determination of the ultimate-soil•particles, after free 
treatment with hydrogen peroxide and hydrochloric acid to destroy 
the aggregate soil structure. 



A N N E X II 

EXISTING CONDITIONS AND ffiOBW1S OF SOIL EROSION, SOIL 
CONSERVATION AND SOIL RENOVATION IN BARBADOS 

By 

Soil Erosion 

Before specifying the types of erosion ~hich occur in Barbados, 
it is necessary, in order to give a clear picture, to mention t~o facts. 
One is that there are t~o distinct soil areas to be considered in relation 
to erosion, viz., the Scotland ~oil area on the north east or the island, 
comprising one-seventh of the total area, and the Coral Limestone soil area 
covering the remaining six-sevenths or the island's surface. The second is 
that there is a definite ~et season from June - July to the end of November, 
during which time the great majority of the erosion occurs. 

Scotland Area : The soils of this area, ~hich vary from light 
sands to clays, are generally much more susceptible to erosion than the 
Coral Limestone soils. The sedimentary deposits are folded and faulted, 
although the overall elevation is not very great, resulting in extremely 
undulating hUly land ~ith short steep gradients. The most obvious types 
of erosion are : 

(i) Severe gullying of cultivated and non cultivated land, resulting 
more often than not in bare faced dry valleys in the higher parts. 
This non cultivated land would normally carry a secondary scrub 
grovth if left to fall do,.n naturally, or could be used for re-ar­
forestation, but, due to over-grazing, is left practically bare, 
with the results described above. 

(ii) Severe sheet erosion occurs over the cultivated slopes, both soil 
wash and soil creep, exposing the much less fertile lo~er layer or 
subsoils. The traditional system of cultivation, that of cane hold­
ing ~ith close drains nmning directly up and down the slope, has 
little effect in preventing this during heavy rains, and, as would 
be expected, severe gullying often results in the up and dow hill 
draine, thus further aggravating the problem. 

(iii) Geological slippage, generally in small patches, occur! to a con­
siderable extent over the areas as a direct result of either heavy 
rains or the diversion of drainage YBter from a catchment area to a 
point lower down the slope. 

51 
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(iv) Recently a case of severe Yind erosion yas found in this areao The 
prevailing Yind had been funnelled into the depression on a slope 
(gradient varying 35 = 40 per cento) and had moved the soil, fortu­
nately uphill, to the extent of flattening beyond all trace the 
contour furroYS laid down four months previouslyo 

(v) Main YBter course erosion during the Yet season is of course ex~ 
tremely serious. During the dry months it is-possible to see Yhat 
are virtually small ravines Yith a trickle of water in the bottom, 
and a depth belaY normal land level of anything from 10 to 40 feet, 
and varying in Yidth to as much as 40 feet, Yith cultivated cane 
greYing to the edgeso During the Yet season, these water courses 
are quite liable to change course. 

Cor&l Limestone Area : The soils vary in clay content from 50 per 
centJn the black lowland soils to 70 per cent in the red upland soils. It 
is very noticeable, after heavy rains such as last year (10 inches to 15 
inches in a matter of 8 hours), that the black laYland soils are much more 
susceptible to erosion than the red soils. The land is undulating compared 
Yith the Scotland area, and the gradients are not so extreme. 

(i) The major type of erosion sheet washing of the undulating slopes. 
This brings about the difference in soil depth which can be determined 
almost anywhere betYeen the top of a slope or hillock, and the bottom 
of the slope; this, of course, has a major indirect effect on cane 
yield through the soil moisture factoro 

(ii) Yhere there is a tendency in the lie of the land for a natural water 
course, there occur rilling and incipient gullying. In a feY cases 
severe gullying Yill result. 

Emphasis with respect to sheet Yashing must be placed on soil creep 
and splash effect, Yith respect to soil not completely covered down 
by a crop in the Yet season. Many of these soils are free-draining, 
and only under exceptionally heavy rainfall conditions Yould there 
be sheet washing on these soils. (This applies to the red coral 
limestone soils particularly). 

There is a deficiency of Yindbreaks in the form of trees throughout 
the island. This deficiency is undesirable for reasons other than 
soil erosion, of course. 

Soil Conservation 

It was not until 1945 that steps Yere taken in Barbados to control 
soil erosion, by Yhich time the problem was so urgent that modifications to 
suit local conditions of existing methods in the form of Contour Cultivation 
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were adopted by the Department of Agriculture without previous trial. 
Soils in the coral limestone areas are not considered as a whole deep 
enough to practice terracing, and the cost is considered prohibitive. 
There are also problems in connection with field size, transport of cane, 
etc. 

(i) 

(ii) 

(iii) 

Thus the measures being taken are : 

Contour Cultivation (Coral Limestone soil areas ) • \!here no drainage 
problem exists, this is laid down without a fall, the system being 
based on key contour furrows laid down at an appropriate vertical 
interval. l:bere drainage problems exist, one per cent. graded con­
tour systems are laid C:mm. 

Uhere the old Cane Hole system bas not been relinquished entire~ 
the result is a system of key contour furrows with cane holes be­
tween them, instead of the complete contour system. 

A recent survey (November, 1949) of contour cultivation in the coral 
limestone area revealed that, of the total arable acreage, 2.4 per 
cent is now uneer a complete contour system, and 2.5 per cent is un­
der a semi-contour system, i.e., key contour plus cane holes. As­
suming that 50 per cent of this area is flat and requires no erosion 
control measures - this is a very liberal estimate -, still the per­
centages are only 4.8 and s.o, respective~. 
Protection of the lower cultivated land from the water run-oft or 
rocky, shallow soiled sour grass pastures situated on the upper 
lands in the watershed areas. This is carried out by menns of 
graded contour drains, in the pastures, and diversion ditches on tlc 
lower side of these pastures, leading excess water into S\.>all0'\·1 
(suck) holes in the coral rock. 

Contour Cultivation (Scotland area). Here, due to the steeper gra­
dients {up to 75 per cent) on some cultivated lands, the contour 
systems have been more severe, with a 2 per cent grade, ensuring 
that the overall length was not too great. Figures for this area 
comparable to the coral limestone soils indicate that 28.6 per cent 
of the cultivated land is under a complete contour system and 6.7 
per cent is under semi-contour, i.e., key contour furrows plus cane 
holes. In areas of geological slippage referred to earlier, where 
typical symptoms of "slumping" and "flow" are evident, it bas not 
been successful. Unless it works 100 per cent from the start, it 
bas a further tendency to retain moisture resulting in aggravation 
of the condition. It is proposed now to try a herring bone pattern 
of drainage with short laterals, graded 4 per cent, and frequent 
outlet drains. 
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Soil Renovation 

(i) General soil renovation and rehabilitation have been carried out as 
routine estate practice. This has consisted of moulding up the 
"brows", i.e., replacing the soil \~shed into the bottom of a field 
or fields, back on to the brow by hand labour. Now, of course, this 
is both costly and needless where measures of prevention are being 
taken. 

(ii) In the Scotland area very severe erosion of hill peaks has resulted, 
because of over-grazing by peasant stock, mostly sheep and goats. 

Re-vegetation of these slopes would go a long ~y towards rehabili­
tation, as they fall into the land classification group VII of the 
United States Conservation Service. They will re-vegetate them­
selves satisfactorily if left alone, or this can be hastened b.1 tree 
planting. 

Before any of this can be carried out on a large scale in Barbados, 
it will be necessary to control by legislation the movement of man 
and animal in this area. 

(iii) Around the coast line, wherever uaste dune areas or poor -waste land 
subject to severe sea-air blast is situated, plantings of Casuarina 
have or could be made. It has proved itself an excellent agent in 
these places for binding together loose soil materials, and for pro­
viding shade. On a ten year rotation, the casuarina. provides an in• 
come from the firewood harvested by careful rotational cutting. 

(iv) The planting of Casuarina as windbreaks on plantation sour grass 
pastures i~ encouraged. tlhen planted 10 feet by 10 feet, they are 
used by the plantations as a yardstick at grass cutting time. 



~ex of Existing Conditions 

I. Soil Forming Factors Data 

1. Excellent geological re­
ports and maps of the 
area (J.B. Harrison; 
Dept. Geol.). 

2. Some topographical data 
•available 

3. Rainfall data, etc., 
available for a few sta­
tions, mostly coastal. 

4. Recent report on forest 
vegetation compiled but 
not yet published 
(fanshawe). 

II. Standardisation of Soil 
Survey M!thods 

Auger and pit method ap­
plied to some frontland 
sugar estates (Chenery: 
Inowles). 

III. Systems of Soil Classiti­
eation and Mipping 

No tiDal system or clas­
sification yet agreed on, 
nor yet applied. Litho­
logical system so far 

BRITISH GUUNA 

Problem[ Recommendations 

1. Need of geological informa- 1. Seek further cooperation from 
tion and maps for southern Depts. of Geology and Is.nds and 
part. 14ines. 

2. 14ore topographical data 
needed (contours; alti­
tudes). 

. 
2. Seek further cooperation from 

Depts. of Geology and Lands a:cd 
Mines. 

3. Much more rainfall data 
needed for interior. 

3. ;feek help from local meteorologi-
·-cal authorities. m 

4. Intensification or vegeta­
tion surveys needed, par­
ticularly or undergrowth, 
as soil-type markers. 

4. Seek further cooperation from 
forest Department. 

Need for working out soil sur- Increase the starr and facilities 
vey methods for demarcating of British Caribbean Soil Survey. 
agriculturally-usefUl areas. 

Need fUrther field inf'orma.- As II. 
tion, both of f'rontlands and 
of interior soils, on which to 
base a classification system. 

~ 

fG 
~ 
~ 
j;; 



Survey of Existing Conditions 

IIIo (Contdo) 

mostly used for classit,y­
ing soils or the interior .. 

IV o Detailed Regional Pro­
gramme of Soil Survey 

Not yet considered.. Some 
preliminary work done b,y 
F. Hardy, ~ !£., on 
frontland and interior 
soilso C.F. Charter has 
briefly investigated some 
interior soils. 

V o Survey of Soil Erosion, 
Conservation. Renovation 

Not much information on 
record. 

VI. ~lica tion of Soil Sur­
vey t2_Land Utilisation 

Nothing yet attempted. 

. Problems 

Need to extend British ~rib~~~· 
Soil Survey to allow quick ac­
tion in regard to local needs, 
both .f'rontlands and interior. 
More maps needed. 

Need to assess erosion damage 
within different type-areaso 

Need for the formulation of 
plans for settlements in the 
interior .. 

Recommendations 

As II. 

Seek help from Depts o of 
Geology, Forestry and Agricul­
ture. 

I. As II. 

2. Discuss subject with local 
authorities (eog. Depto or 
Agriculture) • 



sparse. 

4. Natural vegetation 
(forests) bas been in­
vestigated in some de­
taU by Forest Depart­
ment, since the country 
depends largely on 
forest products. 

II. Standardisation of Soil 
§...urvey Methods 

1. Profile pit method has 
been applied in prelim­
inary survey (Hardy, 
Smart and Rodrigues, 
1935). 

2. Reconnaissance methods 
applied b.1 Charter 
(1941). 

Detalled soil survey of speci- Increase the staff and facili­
fic areas is needed for immedi- ties of the British Caribbean 
ate development plans. Soil Survey. 



Survey of Existing Conditions 

III. Systems or §2!1 Classifica~ 
tion and Mapping 

The system or classification 
used by Hardy, Smart and 
Rodrigues (1955) is essen­
tially geological. That 
used b.1 Charter is based 
primarily on topography and 
the permeability or the par­
ent materials of the soils 
(ioeo on natural drainage). 
It is essentially agricul­
tural. 

IV. Detailed Regional Programme 
ef Soil Survey 

1. Reconnaissance surveys 
by IoC.T.A. and by 
Charter have broadly de­
fined the main soil-types. 

2. No detailed mapping has 
been yet attempted. 

V. §uryey of Soil Erosion9 
Conservation. Renovation 

Not much information on 
record. 

VI. Application of Soil Survey 
to Land Utilisation 
(See Charter's memoir). 

Problems Recommendations 

1. As II. Need for revised classifica­
tion to link up with system 
applicable to Caribbean Re­
gion as a whole. 

2. Seek help from U.S. authori­
ties. 

Need for systematic soil sur¥~~ III. 
vey, especially of areas hav- _ 
ing immediate agricultural 
importance. 

Need to assess erosion damage Seek help 
in areas already in agricul-
tural use. 

ies. 

Need for formulation of de­
tailed plans. 

Seek help from U.S. authorities. .. 
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Io Soil Forming Factors Data 

* BRITISH YOLCAh IC ARC ISLANDS 

Recommendations 

1. Fair amount or geologi~ 
cal informtion avail­
able (J.B. Harrison; 

1. Urgent need or aerial surveys 1. Expedite aerial surveys and 
or each and all the islands. the compilation of accurate 

maps of each of the islands. 
Earle; l&legregor; 
Anderson and Flitt). 

2. Some topographic de- 2. 
tails known (W .M. Davis)o 

Urgent need of accurate maps 
for plotting the available 
information or soil-forming 
factors. 

3.· Fair amount or meteoro- 3o Need for recording rain 
logical data published. gauges. 

4. Considers ble amount of 
information on forest 
and second growths 
(Beard). 

II. Standardisation of Soil 
Survey Ji1ethods 

~ reconnaissante( sur- Need for investigation or me-
vey methods so tar ap- thods or detailed soil survey-
plied; profile pit sample. ing. 

III. §zstems of Soil Classifi­
ca'bon arid L11ipPing 

Classification system so Need for comparison or soil-

Increase the starr and facili­
ties of British Caribbean Soil 
Survey. 

1. As II. 

* Grenada, the Grenadines, St. Vincent, St. Lucia, Dominicai Montserrat, Nevis, St. ~itts. 
I 



§Brv_!l_of,Existing Conditions 1 

III. {Contd.) 

Problems 

far applied is merely lo~ types with world groups. 
cal and provisional. }'lain 
soil-types being studied 
in field and laboratory. 

IV. )2etailed Regional Pro­
gramme of Soil Survey 

Reconnaissance surveys 
have been made by pit me= 
thod or all the islands 
{except Grenadines), with 
varying degrees or inten= 
sity. 

V. Survey of Soil Erosion, 
Q!mserva tion8 Renovation 

Articles on soil erosion 
in St .. Vincent and 
Montserrat already pub­
lished. Fair amount or 
general information a­
vailable but not published. 

VI. ~pplica tion or Soil Sur­
~to Land Utilisat!QQ 

Nothing yet specifically 
attempted .. 

Need for detailed soil sur­
veys9 and for accurate maps 
on which to plot the field 
information. 

Need for maps onto which all 
available information may be 
plotted. 

Need for the elaboration of 
plans for better land utili­
sation. 

Recommendations 

2. Seek help t.rom U.S. soil sci­
entists and experts on soil 
classification. 

1. As II. 

' 2. Expedite aerial surveys and 
the compilation of accurate 
maps on which to plot soil 
survey data. 

As I, II, III, and lV above. 

1. Formation of committee or ini= 
tiation or discussions. 

2. Seek aid from U.s. authorities. 

en 
0 



Survex.of Existing Conditions 

I. Soil Forming Factors Data 

1. An excellent study of 
the geology and petrog~ 
raphf of French Guiana 
by B. Chou bert o 

2. Map to the s~le of 
1/500~000 and dections 
of the Jl8p to the scale 
of 1/lOOiOOO and 
1/50,000 prepared by 
the National Geographi· 
cal Institute. This 
last, coloured, empha­
sises the difference in 
vegetation of the ele• 
va ted portions o Photo­
graphic cover or a part 
or French Guiana. 

FRFNCH GUIA~ 

Problems --
Extension of geological pros= 
peetirlzo 

Aerial c~v~r ~f the whole or 
French Guia~a to the scale of 
1/10_.000 or l/20j000. Prep• 
aration of a contour map. 

3. Very few meteorological To in~rease the number or me= 
stations. teorological stations espe .. 

cially in the interior. 

4. nora or Freneh Guiana 
cy Fuset Aublet. 

Report c1n the forest 
question by P. B'na, 
not yet edited. 

Survey or soils in relation to 
vegetation. 

Recommendations 

Cooperation of the different sci~ 
entific organisations engaged in 
the study or French Guiana • 

Establishment of a service for 
the purpose of developing maps 
and aerial photographs. 

Cooperation of the meteorological 
services with those engaged in 
soil research. 

Specialization of-qualified of­
ficers for the pUrpose or-carry­
ing ~t pedological~and ecologi­
cal surveys on the spot. 



Survey of Existing Conditione 

II. Standardisation of Soil 
Survey Methode 

No work done. 

III. Systems or Soil Classifi­
cation and fm.pping 

IV. Detailed Regional Pro­
gramme or Soil Survey 

No study made. 

V. Survey of Soil Erosion8 
Conservation, Renovation 

VI. Application of Soil Sur­
vey to Land Utilisatigs 

No study made. 

Problems Recommendations 

Collate all existing bibliog­
raphies making use, in par­
ticular, or the latest re­
ports of the Goma Conference 
(Belgian Congo). 

As above. 
~ 

Use the information furnished ~ 
by aerial photographs. ~ 

This work will be undertaken 
by officers specialising in 
pedological and ecological 
surveys, in collaboration 
with-all scientific organisao 
tions engaged in soils. 

As above. 

As above. 
Revolutionary views must not 

t;! 



Survey of Existing Conditions Problems 

VI. (Contd.) 

Recommendations 

be feared. The conditions or en­
vironment in the tropics being so 
diffE·rent from those in temperate 
regions, a form of agriculture· 
tl".ci t is typically tropical should 
re~ult from these surveys. 



GUADELOUPE 

Survey of EXisting Condition! Problems 

I. Soil Forming Factors Data 

1. Geological inf'ormation Need or more works on geology 
available from Prof. H. and particularly far the Central 
Barraba of Paris (1934 : Mountains. 
Jmn. ~. Lig.) and, 
for the Soufriere, by 
Gouault (1946), but no 
maps. 

2o Existing topographical 
map not up to date. 
Aerial survey photo­
graphs available. Top ... 
ographical information 
recently undertaken b,y 
Topographic Service. 

5. Climatological data 
available only for the 
many stations or sugar 
cane plantations, but 
rare for the other 
districts. 

4. The ecology or vegeta= 
tion is now well 
known : H. Stehl~, 1935: 
E~ology and Plant Geoij 
raphy; H. and M. Steh D 
F.L. Quentin : Flora 
(1954-1950); Suppl. 
Caribo Forester (1945 ... 
47). Map or plant 

Need for more topographical in­
formation. 

Need for extension to the middle 
and higher districts. 

Need for continuation and gener­
alisation or these works for 
Guadeloupe and Dependencies : 
Sto Martin~ St. Bartholomew, 
Marie-Galante ~ Les Saintes and 
Ddsirade. 

Recommendations 

Increase the starr and facil­
ities or the Geologists and 
World Physicians (Scientific 
research) 

Cooperation of this staff 
with scientists or the 
Agronomic Research Centre 
and Topographers for pre­
liminary soil survey. 

Publication of a meteorolog­
ical map (~teorological 
Service and Agronomic Re~ 
search). 

Cooperation between Agronom= 
ic Research (Botanist), 
Agriculture and Forestry. 
Seek appointment of soil 
survey officer. 



Survey of Existing Conditione 

Io 4o {Contdo) 

associations b.r H .. 
Stehl' (1936)o Plants 
recognized as biological 
mrkers ar as • soil 
type• are llstedo 

II .. Standardisation of Soil 
Survey Methods 

Soil survey methods have 
been standardized b.r the 
Farest/TopographJ Services: 
G .. Chatelain, P .. Bena, 
Guichon and Huguet .. 

. 
III .. Sist!lm&- of Soil.Classif1.­

cation and lapping 

Classification of soils is 
essential~ geological. 

IV. Detailed Regional Programme 
of Soil Survey 

Problems 

As I. 4. 

System baaed t~n pedological !s Io lo 
principles must be applied. 
For Grande-Terre, Dfsirade 
and lkrie ... Galante, limestone 
islands, need far ktowledge . 
of the content of calcium 
car~te for the main soil 
types o lor Guadeloupe and 
Lea Saintes, volcanic is-
lands, need for knowledge ot 
derivation of parent materi-
als and compositiono 

1 • .Programme mentioned in a Soil survey far agricultural !s I. lo 

Recommendations 

en 
c:n 
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IV o lo (Contdo) 

brief Report by He Stehle 
(1949)o 

2o Trials begun by Agronomic 
Research since July, 1949 
on disintegrated soils 
1around Prise d 9eauo 

Vo Survey of Soil Erosion. 
Conservation. Renovation 

ld No general policy, but 
"Code Forestier" is in 
applicationo Principles 
of Code must serve as 
guide so 

VI. Application of Soil §m:.:. 
vey to Land Utilisation 

1. Map of main crops under 
cultivation available b.Y 
Ho Stehle (1949) for 
Guadeloupe and Dependenc 
cies. 

2o Land settlements are in 
the primary stages. 

·Problems 

areas is urgently neededo Work 
in progress\~, the Forest Service 
(Huguet) and by the Agronomic 
Research (Stehle} since 1949o 

Need for systematic surveys and 
legislation regarding land 
tenure a 

Recommendations 

As I. 1., 

Need for formulation of plans for Appointment of staff and pro­
settlements and for systems suited vision of facilities for Soil 
to rational economic and ecologl= Survey o 

cal conditionsa 



Survey of Existing Conditions 

I. Soil Forming Factors Data 

Vegetation 

Information about the vegeta• 
tion ~ctor is limited, and 
there is very little area 
left which is still support­
ing its natural vegetation. 
Reafforestation has hitherto 
proceeded at a relativel7 
slew rate, and land which is 
not now being cultivated is 
reverting to secondary bush, 
the character or which is de­
termined by' rainfall and the 
degree or erosion which has 
taken place .. 

'!'he demands of a rapidl7 in­
creasing population have nee 
cessitated extensive defores= 
tation. This, coupled with 
the ruinous practice ot clean 
cultivation of crops - nota­
bly mnana, gillger and yams ~ 
has caused severe truncation 
of all sloping land, reducing 
the soil in many instances to 
what is virtually decomposing 
parent material. 

There has been no ecological 
survey of the island, and there 
is no exact knowledge of the 
actual sequence of the regener­
ation or vegetation on aban­
doned land., 

Recommendations 



Survey of Existing Conditions 

I. (Contd.) 

Clima~ 

The mean annual temperature 
varies from around 57°1 at 
71 000 feet to 780F at sea 
level, and total annual 
rainfall varies from under 
30 inches on the southern 
coastal plains to well in 
excess or 200 inches in 
parte of the Blue Mountain 
Range o In the absence of 
protective covering, run=off 
is e:x:cessive 11 and the actual 
quantity or water percolat=~­
ing through the soil is 
smll, even on the almost 
horizontal alluvial plains 
with soils or high infiltra= 
tion capacities and perme= 
ability., 

The high rainfall assists 
greatly in the soil destruc= 
tion or truncation process -
so much so, that it is al­
most impossible to get a ma­
ture profile developed a In 
the lower rainfall areas, 
considerable upward movement 
of water exists in the sur­
face soil, and the rainfall 
effect is modified b,y evapo­
ration. 

.Problems 

Lack of adequate data on evapora­
tion, run-off, percolation, etc. 

Recommendations 
en 
0) 
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I. (Contd.) 

Topography' 

On the older geological for­
mations, the topography is 
extremely brot1n. Sedent.ary 
soils are rare, aDd confiDed 
to small areas of Forest Be­
sene in the Blue Mountains 
and the soils derived trom 
Eocene limestone which have 
remaiDed relatively undis­
turbed. Over large areas ot 
the older shales, conglomer:.. 
ates and granodiorites, the 
soil represents the decom­
posing parent material and 
are either imD&ture or have 
been reDdered seemingly im­
mature through severe trun ... 
cation. For this reason, it 
would appear necessary to 
classif.y the soils on a 
lithological l::asis, with the 
exception or the small area 
or true laterite (derived 
from serpentiDe) 1 aDd soils 
developed under undisturbed 
forest. 

1. Soils derived from strati­
fied shales and sandstones 
- the Richmond Series ot 
Hill - are acid or alka­
line in reaction, depend­
ing on whether the origi-

Problems 

There bas been no lithological 
survey or the island, and there 
is pressing need for a geologi­
cal eurvey, pafing special at­
tention to lithology as distinct 
trom sequ.ence and economic geol­
ogy. 

Recommendations 



Survey of Existing Cond~!~ 

I. 1. (Contd.) 

.~1 parent material was 
calcareous or not. The 
distribution or acid and 
alkaline soUs so derived. 
does not appear to be re­
lated to areas of high or 
low rainfall. 

2. Rendzinas are formed in 
the high rainfall dis­
tricts of Portland as well 
as in the low rainfall 
belt of st. Jaary and St. 
Ann. Rendzina formation 
appears to ,be governed by' 
the soft nature of the 
parent limestone. 

3. In I~nchester, St. Eliza­
beth and St. Ann, bauxitic 
soils rest on Eocene lime­
stone, whereas apparently 
similar soils derived from 
the same white limestone 
formations in the Montpe­
lier area of St. James are 
not bauxitic. The dif­
ferences in soil formation 
may be due to the differ­
ent chemical composition 
or the impurities in the 
original limestone. 

Problems 

4o The red limestone soils of lack of fundamental data on the 
Manchester - variously scientific characterisation ot 

Recommendations 

Proposed soil survey on a West 
Imian basis should be ex.pe= 

I 



Survey of ~~istir$ Condition! 

called terra rossa, lateT= 
ite, bauxite e are not 
soils in the true sense or 
geological deposits. No 
zone a ot elltAvia tion or 
Uluviation occur, and 
chemical analyses indicate 
that the composition of 
the profile remains re­
markably constant with 
depth. These soils are 
probably not laterite but 
lithosols, with bauxite as 
the parent material. 

Two main kinds or bauxite 
soils are distinguished -
one deep red and the other 
yellow-brown in colour. 
The differences in colour 
are attributed to the dif­
ferent degrees ot hydra­
tion or iron oxides pres .. 
ent. The distribution or 
the two types bears no ob­
vious relationship to rain­
tall distritution, and pe­
dologically the two soils 
would be grouped together. 
Distinct properties are 
associated with the two 
types in the field = the 
de-ep red soils are lacking 
in available phosphate and 
respond to applications or 

Proble!lls 

soile. The primary need is for 
a detailed soil survey of agri­
cultural stations and other ex­
periment sites, so that field 
experiments can be prop~rly lo­
cated with respect to soil type. 

Recommendat:f ong 

dited, and future recommenda ... 
tions should be based en 
this. 



Survey of Existing C~~ ~~ Recommendatio!l!! -.:1 
1\) 

I. 4. (Contd.) 

phosphate fertiliser, 
whereas there is no re-
sponse to phosphate on the 
yellow soils. 

Soils of limestone origin 
are the dominant soU 
types. 

So far as is lmown, there "' ~ are no examples in Jamaica 
where the same type of ~ soil has been derived t.rom 

~ different parent material. 
Pedological agencies are PJ 
of secondary importance, t! the controlling factor be-

~ ing the great differences 
~ due to different geologi-
0 cal parents. 
~ 

Geological survey with I limited objective is now 
in progress. 

II. Standardisation of Soil 
Survey Methods 

No data available. 

III. Systems of Soil Classifi-
cation and Mapping 

No data available. 



Survey or Existing Conditions 

IV. Detailed Regional Programme 
or Soil Survey 

No information available. 

V. Survey or Soil Erosion, 
Conservation, Renovation 

(a) Soil Erosion 

Erosion continues unchecked 
over a considerable portion 
of the arable area of Ja­
maica. Very little area 
still supporting its 
natural vegetation remains. 
Indiscriminate clearing ot 
lands in the mountain 
catchments or rivers causes 
severe flood damage during 
heavy rains with very rapid 
run-orr of water. Sheet 
erosion in varying degrees 
is almost universal. 

On soils derived from hard 
!hi te Limestone, erosion is 
not as prevalent, because 
rain water percolates 
quickly. On this geologi­
cal formation, however, new 
soil is formed very slow~ 
from the underlying materi­
al, and loss or top soil is 
very serious, because the 
organic matter is confined 
to the shallow surface lay-

Problems 

Great difficulty experienced 
in the rehabilitation of crops 
due to severe deterioration of 
soils as a result of erosion 
aid accompanying factors. 

Recommendations 
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V. (a) (Contd.) 

erzs. Soils derived from 
Yellow or Sort Limestone 
are heavier and less po• 
rous, and erode more rap­
idly, to expose marly 
Z!lllbsoil which does not 
weather rapidly. The 
most widely cultivated 
soils are the Carbonace­
~shales and Trappean 
shales - the main banana 
soils. They are mostly 
heavy, need drainage and 
erode very quickly. The 
parent material is quick 
weathering. The Q.2!l:. 
glomerates and metamor­
phosed shales of the 
Blue Mountain range pro­
vide lighter and freer 
draining soils. Due to 
steep slopes and clean 
cultivation, serious 
erosion has taken place. 
On the Granodiorite 
soile erosion hae re­
duced the area into a 
series or steep-sided, 
knife-edged ridges now 
mostly abandoned to sec­
ondary scrub. 

For the last 45 yeare, 
banana, cultivated clean­
ly and with frequent 

Problems Recommendations 
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v. (a) (Contd.) 

drainage trenches, has 
been responsible for the 
greatly accelerated ero-
sion of thousands ot 
acres ot lam in Jamaica. 

As a result ot the de-
mands ot the rapidly in-
creasing po~tion for 
land, the system ot 
shifting cultivation has 
broken down. 

• 
Over many areas, ~ 

fi: grazing_ has caused the 
land to be exposed and ;; 
compacted by trampling. t1 This has greatly accen-
tuated sheet erosion. 

' 
(b) Soil Conqe~~tion 

It is estimated that, 1. Lack ot consciousness of the 1. Continued education in Soil 
since 1945, approximate- seriousness ot the problem. Conservation methods. 
ly 10,000 acres have been 
soil-conserved on es- 2. Lack ot tunds. 2. Development of cooperative 
tates and 31000 acres on action b.1 farmers and 
small holdings. 3. There is a shortage of starr. Government. 

There is no Soil Conser- 4. Lack of knowledge regarding 3. Jrethods of soil conserva-
vation Service as such, the rate at which erosion tion that have a direct ap-
but the method adopted occurs on the various soil peal to the farmer should 
is to introduce latent types and under the varying l>e evolved. 
compUlsion into various climatic conditions. No~ex-

...;J 

rehabilitation and devel- perimental work in this con- (It 
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~ en 

v. (b) (Contd.) 

opment schemes, b.1 making nection has been carried out. 
grants and allowances 
conditional on the adop-
tion of proper soil con-
servation measures. 
There are 67 Agricultural 
Instructors in the Exten-
sion Service but soil 
conservation is only one -
or several duties or the en 
starr. ~ 
Investigational work on ~ 
the agricultural stations 

9 is concerned with 

(1) testing of different ~ 
!2: 

plants as OO.rriers - a whether the barrier 
crop should be dual 

I purpose or specific; 

(2) observations on the 
different methods of 
soil conservation. 

(c) Soil Renovation 

(i) Pasture Improvement. Basic problem is the building up 1. The resting of steep slopes 
It is estimated that 32 of organic matter-and the 1m- - from cultivation. 
per cent of the total provement of structure-or soils 
land area is in grass - that have been properly con- 2. The provision of an ade-
20 per cent in commons served. quate protective cover on 
and woodland grass, 9 uncultivated land. 
per cent in Guinea 
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V. (c) (i) (Contd.) 

grass (Pan!cum max~), 
and 3 per cent in fodder 
grasses. The rapid ex­
pansion or the livestock 
industry now taking 
place is a very promis­
ing method or soil reno­
vation - protective 
grass cover is rendered 
economic and the policy 
of fostering rotational 
farming with grass is 
being encouraged. 

· The chief grasses and 
legumes of the island 
have been listed, and 
investigational work on 
pasture improvement is 
being pursued, designed 
to gain information on · 

(1) the seasonal yields 
and nutritive composi• 
tion of ncommons" 
grasses and of tall 
tropical fodder 
grasses in different 
parts of the island; 

(2) the possibility of in­
creasing both the bulk 
and nutritive value of 
pastures through the 
use or fertilisers; 

.froblems Rts,ommendations 

3. The adoption of proper soil 
conservation measures on cul­
tivated land. 

4. The continued fostering of 
grass leys in rotational 
farming. 

5. The continuance or investiga­
tional 'Nork on pasture im­
provement. 
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V. (c) (i) (Contd.) 

(5) the carrying capacity 
ot the different 
types or pastures, 
and improvement by 
controlled grazing 
and management, in­
cluding the use o£ 
artificial fertilis­
ers. 

The ~ving Herd 
Scheme and the ~~ 
Assistance Trust, are 
both designed to aid 
soil renovation through 
livestock. Prerequi­
sites for assistance 
under the schemes are 
the establishment of 
proper soil conserva­
tion measures, and the 
planting or 1 acre or 
fodder grass per cow. 

(ii) A~restationo It is 
estimated that 55 per 
cent of the total land 
area is in woodland. 
The For~st Department 
has 14 projects tor re­
planting, distributed 
over the island. To 
date, 4,600 acres have 
been planted up. The 
objective is to plant 

Problems 

The main problem is to determine 
the most suitable species for 
the different ecological areas 
or the island. 

In the Blue Mountain area, there 
is a s~ecifir problem or finding 
a suitable species for estab­
lishment under Guinea grass. 

Recommendations 
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500 acres per annum. 

In the central moun­
tains, a block or 1,000 
acres is being refor­
ested as e.n anti-ero­
sion measure. There 
are 5 central nurseries, 
and the Forest Depart­
ment can distribute up 
to halt a million trees 
per annum. There is a 
high percentage or tor­
est land privately 
cnmed, and ever7 en­
couragement is given to 
reforestation. 

(iii) Crop Rehabilitation. A 
basic feature ot sever­
al crop rebabilitation 
ani develoJI!lent seheJDes 
is the stress laid OD 
the adoption or ,r.roper 
soil conservation mea­
sures. latent compul­
sion is introduced b,y 
specii')'ing that soU · 
conservation is a pre­
requisite far assis­
tance 1n the case ot 

1. The Cotree Rehabilita­
tion Scheme. 

2. The Coconut Rehabilita-

Problell"s Recommendations 
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V. (c) (i11} (Contd.) · · 

tion Scheme. 
3. The All•Isls.nd Banana 

Growers' Association 
Fertiliser Scheme.·. 

4. The Citrus Development 
Scheme. 

The Farm Improvement 
Scheme provides assis­
tance for land clearing, 
soil conservation~ farm 
buildings, water sup­
plies and applications 
of lime and phosphate, 
where necessary. The 
policy is to encourage 
the development ot 
mixed husl:andry with 
livestock as the basis 
of building up soil 
rertilitJ. 

' 

Problems _ Recommendations 



Survey of' Existing Conditions 

I. Soil Forming Factors Dats. 

1. Geological inf'orma tion 
available from Prof. A. 
Lacroix or Paris ~1902-
1940) and Giraud 1905). 
Several books (about 
Mount Pelee in particular) 
and articles on local ge-
ology published, with some 
sketch maps. 

2. Fair topographical map 
available : Heumier, Prot. 
ot Geology in Paris and 
Grignon. Aerial survey 
photographs available. 

3. Much climtological data 
available principally tor 
districts or sU.gar cane 
planta tiona and for Mount 
Pelle, by the Meteoroleg-
ical Office of' Fort-de-
France and by H. Steh.ll 1n 
Caribbean Forester (Suppl. 
1945-1947). 

4. Vegetation now well known: 
H. Stehle, "Esquisse des 
Associations Vegetales• 
(~. !&:,. , Fort-de•-
France 1 1937) and' De scrip-
tive Flora (1938·50). Map 

MARTINIQUE 

Problems Reeommeniations 

Need of' comprehensive and com- Organization of' soil survey f'or 
plete treatise, with detailed all French territories, includ-
maps arter new geological in- ing ~rtinique. 
formation. 

Need ror more accurate topo- Cooperation between Forestry, 
graphical information and or Agronomic Department and Topog-

~ detailed topographical maps, raphers or the Island. 
compiled from aerial survey .... photographs now available. ~ 

H 

Need tor a good am up-to~a te Publication or available map -~ 
map according to these records. (Meteorological Service and 

Agronomic Research). 

Need f'or more informatipn.on Appointment or soil survey ot-
vegetation requirements as ficer·ana cooperation with Di-
"bi•l~gical indicators.• rector of' Agronomic Research. 

co .... 
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~ 
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en Plants and Plant Sci· 
ence in Latin America 
(Waltham, 1945) by H. 
Stehle. Relationship 
with soil is indicated. 

II. Standardisation of Soil 
Survei Methods 

Soil survey methods have As I. 4. "' 0 been standardised by the H 

Forest and Topography Ser- t-4 
ttl 

vices : D. Kervegant, H. C'l 
H Stehle and A. Sobesky. 
~ 

III. Sistema of Soil Classifi-
tzj 

H cation and Ml:QEing !Z 
t-3 

Classification or soils is Application of a system based gj 
essentially geological and on pedological principles n 
provisional (Hardy, Charter) ~ 

H 
to 

IV. Detailed Regional Pro- ~ gramme of Soil Survel ~ 

Programme mentioned in a Soil survey for agricultural and As I. 1. 
Report by D. Blanche and forestal areas is urgently 
H. Stehle, 1946 (brief re- needed. 
s'l.llll9 in Caribbean Commie-
sion Monthlt Information 
Bulletin, Oct., 1949}. 

Ve Survei of Soil Erosion1 
Conservation1 Renovation 
No general policy for soil Need for systematic surveys, As I. 1. 
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V. (Contd.) 

conservation yet in opera~ 
tiong but application or 
•code Forestier" must serve 
for basic principles. 

VI. Application or Soil Survey 
to Land Utilisation 

1. ~p ot uain crops under 
cultivation available( b.1 
A. Sobesky (1954-1945). 

2. No land settlements or 
land utilisation 1n ac­
cordance with a rational 
soil surve;r. 

Problems 

land auo~'tion polic:r and leg­
islation regar-ding land tenure. 

Recouur.endations 

Need tor economical and ecologi- Appointment- ot starr and provi­
cal s.ystems and for their appli- sion or facilities for soil 
cation. surve:r. 
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Io Soil [pz:ming Factors Data 

1. Excellent geological pub­
lications and maps. A 
complete bibliography has 
been published in Q!~ 
!icht van de Geologische 
en Mynbouwkundige k~ 
der Nederlandse Antillen 
(Survey of the Geology and 
Mining of the Netherlands 
Antilles), Ro,yal Institute 
tor the Indies, Amsterdam, 
1949, with a summary in 
English, b,y J.H.Westermann. 

St. Martin has been mapped 
recently b,y geologists or 
Princeton UniversityJ pub­
lication and map will be 
published in 1951. For 
the volcanic islands or 
Saba and St. Eustatius, 
detailed maps are not 
available. 

.NETHERlANDS WEST INDIES 

Proble1rs ~!!!!!!endations 

' 

Need or information on minor Seek turther cooperation from 
geological details. Netherlands Universities. 

Need ot detailed information 
and petrographical maps or 
Saba and St. Eustatius. 

2. Excellent topographical Need or an aerial survey. 
maps available tor Lee-

Aerial survey is being planned by 
the Government. 

ward group - Curacao, 
Aruba and Bonaire -·and 
tor St. Mirtin (Dutch part) 
and St. Eusta tius. Hydro ... 
graphic map or Saba. 
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I. (Contd.) 

5. Clima tolcgical data Need for extended recording. 
available 

4. Fair amount ot informa- Need tor more information on The Scientific Foundation for 
tion on vegetation vegetation types. Surinam and Curacao, Holland, 
(BoJdingh, 1909 tor plans to compile a new flora. 
Windward Group - St. 
Martin, Sabl, St. Eusta.-
tius -, and 1914 for 
leeward Group). 

II. S3!ndardisstion of Soil 
Survex Methods 

None. Need tcr investigation of Seek help- tro• Netherlands Soil 
methods ot soil surveying. scientists. 

III.Sistems ot Soil Classiti- c:e 
cation ard lBJ2)21ng ~ 
Classification 8JStem so Need for further comparison As li. 

H 

~ far applied still incom- or soil types and soil a plete .. Main soU types napping with other Caribbean 
have been studied in lab- Islands. 
ora.t017, Amsterdam (R. 
Hamilton & W.J4. Sesseler,.. 
1945), as well as by H.A. 
Ballou, Trinidad, 1934. 

IV. Detailed Regional Pro-
gramme ot Soil Survex 

Still lacking. Need tor detailed soil sur- As II. A complete soil survey of 
veys in arable areas. the three islands o£ the Windward 

(X) 

Group is being organized for C1l 



Survey of Existing Conditionp 

IV. (Contd.) 

V. SurveY ot Soil EroJ!ion. 
~~ion,' Renovation 

Some general information 
available in reports, but 
not published. 

VI. !£12liea tion of Soil Sur­
veY to Land Utilis~ 

Nothing yet specifically 
attempted. 

Problems 

Need tar survey. 

u~~d for specific plans tor 
settlement or farming communities. 

Recommendations 

1950-51 b,y the Foundation tor 
Development and Welfare in the 
Netherlands Antilles. 

Seek-help from local depart­
ments. For the Windward ~roup 
see IV. 

Seek help from local and 
Netherlands agencies. 

co 
en 



PUl.RTO RICO 

Survey ot Existing Conditions 

I. Soil Forming Factors Data 

1. Climate 

(a) Rainfall 

Data on local. cli.ma te are available 
through the Weather Bureau of the United 
States Department of Commerce. Detailed 
records have been kept at numerous sta­
tions throughout the Island over a long 
period ot years. JJaps showing monthly 
and annual distribution or rainfall are 
available. 

(b) Temperature 

Idem. 

(c) Evaporation 

Two stations, one at San Juan in the 
north, and one at Mayaguez in the west, 
are maintained by the Weather Bureau, 
and one by the Soil Conservation Service 
Research, 'at Central Aguirre in southern 
Puerto Rico. 

RecommelldatiOJas 

1. Continuation of collection of statistics to 
provide current records. 

2. More stations if complete statistics are to 
be obtained. 

3. Collection of local data to ascertain the 
relation between microclimate and soil va­
riability within generalized climatic 
belts. 

4. Measurements or rainfall intensity. 

Idem. Also maintenance ot maximum and minimum 
temperature records, particularly in the inte-
rior. ' 

FUrther stations, particularly in arid and 
semi-arid areas. 

~ 
0 
::r;J 
H 
Cl 
0 
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(d) Relative humidity 

Recommendations 

Records are available for San Juan for a Maintenance of more records over the Island, 
number of years. Central Aguirre recent- at least in about 10 selected stations. 
ly started to collect similar data. 

(e) Wind 

Limited data available on~ for the three Idem. 
above stations. 

2. Organisms 

(a) Flora 

Prelimirlary ecological work has been done 1. Further study of" the "relationship between 
b,y Cook and Gleason. soil and plant_development. 

(b) Fauna 

No specific studies conducted. 

Topographic maps of the Island have been 
published on a scale of 1:10~000, and are 
available through the Insular Department of 
the Interior. The role of relief as a 

2. Investigation or the role of bacteria, 
fUngi, actinomyces and other organisms in 
soil genesis. 

Thorough research on the soil forming activi­
ties of ants; white grubs, earth-worms, crabs, 
and other macroanimals, and investigation of 
the effect of the microfauna. 

Studies o~ the modif.ying eff~ct of relief va­
riation on climate and the effect of expo­
sures on soil climate and on crop growth. 

(X) 
(X) 



Survey of Existing Conditions 

I. 3. (Contd.) 

pedogenic factor bas been pointed out in 
some soil associations. 

4. Parent material 

The Islam has been divided into seven re­
gions whose geologic reatures have been 
studied. Reports are available ror each. A 
comprehensive report regarding the geology 
or the Island as a whole has been published. 
The ground water resources have been 
studied. 

s.~ 

Observations have been made regarding the 
rapid rate at which soil rormation proceeds 
under Puerto Rican conditions. 

II. Standardisation or Soil Survey 14ethods 

1. Field methods 

A survey or the whole Island was completed 
and published in 1942 by the U.s .D .A. in co­
operation with the University ot P.R. Agri­
cultural Experiment Station. Maps on the 
scale or 1:50,000 are available. Infiltra­
tion rates ot more than 90 soil types have 
been determined, although not published. 

Recommendation~ 

1. More research as to the role ot parent 
material in tropical soil genesis. 

2. l!Ivestigation or the weathering or the 
ditrerent minerals. 

Quantitative measurements should be made. The 
time required for soil renovation must be as­
certained under different environmental condi­
tions. 

Intiltration studies should be completed, in­
cluding all important agricultural areas. 
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2G ~boratory methods 

(a) Physical_measurements 

Textural studies have been made on most 
soils. Limited data available on soil 
structure. Limited mineralogical analy­
sis of soils has been done in the past 
for.lateritic soils. Studies of x-ray 
patterns and petrographic analyses are 
now under way for a large number of soils. 
Moisture studies have been mostly limited 
to standard gravimetric determinations or 
field moisture content. Better techniques 
are under consideration. Preliminary 
studies of the whole moisture range in 
surface soils have been conducted, but not 
yet published. Water retention capacity 
and water transmission power or soils are 
under study. 

(b) Chemical measurements 

Complete chemical data for the surface 

Recommendations 

1. More research on physical properties of 
'soils for their proper characterization. 

2. Structural studies be conducted. 

3. Investigation of soil mineralogy~ particu­
larly as to the relation ot clay minerals 
to the sand and silt fractions under dif­
ferent environmental conditions. - - -

4. Contact phenomena between the coarser 
fractions of soils and the clay minerals 
as a means of releasing plant nutrients 
from relative insoluble material should be 
considered similar to-the work of Marshall 
and Graham (~Science, 49, 277-281, 
1940). 

5. Determination of particular types of clay 
minerals in highlY weather~d tropical 
soils. 

6. Determination of the water supplying power 
ot ~iffe!e~t soil types. 

7. Furtner study of soil moisture-plant rela­
tionship. 

1. More data with respect to the content of 

co 
0 



SUrvey of Existing Conditions 

II. 2. (b) (Contd.) 

layer or a large number or soils are 
available. Considerable data on acidity 
and organic matter are also available. 
Data have been collected on exchange ca­
pacity and exchangeable blses or Puerto 
Ricc..1 soU, but have not yet been pub­
lished. De .. uminations or available and 
total phosphoric acid and total silica 
have been reported. Preliminary work 
with boron bas been conducted. Plant 
analysis and foliar diagnosis as indexes 
or the fertility or the soil are receiv­
ing much attention. Methods are being 
studi~d tor preliminary work with minor 
elements. 

(c) Microbiological determinations 

Nitrification rates have been determined 
for soils in northern Puerto Rico. 

III. §:!stem ot Soil Classification arrl Mapping 

1. Textural classification 

Soils have 1 ~en grouped into several classes 
according to particle size in the surface 
layer. 

2. Topographic classification 

8 physiographic groups have been set. 

Recommendations 

minor elements in soils, such as copperP 
cobalt, iodine, fluorine, e~c. 

2. Correlation between foliar diagnosis, soil 
analysis, and crop yields. 

1. Considerable expansion or investigations of 
soil microbiology. 

2. A microbiological survey. 

Determinations or tree sesquic: ides to know 
what is their proportion in the clay traction. 

Studies to determine fitness o£ soil areas for 
mechanization on basis or their topography. 
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3. Geologic classific~ 

Soils have been grouped according to their Use o£ mineralogical data as criteria for clas-
geologic origin. sification. 

4. Productivity rating 

Soils have been grouped accordinr t.o thPir More detailed data tor specific areas. 
productive capacity for individual crops. 
A general rating has also been established. 

5. Great soil_group~ 

22 o£ the great soil groups of th~ world 
have been mapped in Puerto Rico. a report 
with maps has been published. The soils 
are grouped into 117 series comprising 358 
types and phases. 

6. Land utilisation cla~ 

Considerable research needed in soil systematics. 
The soils classed as podzolic and chernozem 
should be investigated and perhaps renamed. 
Lateritic soils should be regrouped in view or 
new knowledge. 

The Soil Conservation Service has grouped See information for IV. 
the land into 8 utilization classes. This 
classification is based upon adaptation of 
the land to cultivation and the required 
conservation practices. 

IV. Survey_2! Soil Erosion, Conservation Reno ... 
!!ll£n 

1. Land Capabilities Determination and Util­
ll~ ClassE's 

Land capability tables have been prepared These tables are dynamic and are subject to revi= 
or are beL~ prepared for the 19 soil con- sion as more information is-gained in soil 
servation districts in Puerto Rico and the studies such as permeability, available moisture 
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U.S. Virgin Islands. 

These tables were prepared in accordance 
with the 8 Guide tor Soil Conservation 
Surveys" prepared b;y the U.S. Soil Con­
servation Service. 

2. Problem Areas in Soil Conservation 

A problem area map including Puerto Rico 
and the U.S. Virgin Islands was prepared 
as a part of the Soil Conservation Prob­
lem Area Map of the United States which 
is being prepared by the Soil Conserva­
tion Service. 

The island of Puerto Rico was divided 
in two 118in physiographic regions, first, 
the Central Mountainous Area and Valleys, 
a:rd second the Bordering Coastal Plain 
Area. Each or these was broken down into 
soil conservation problem areas differen­
tiated on the blsis of major differences 
in soils topography and clluate. These 
were fUrther broken into land resources 
units, each of which has a comparable 
pattern or soil, slope; erosion, cli­
matic conditions, and conservation prob­
lem. 

Similar divisions were made in the. land 
area of the Virgin Islands. 

Recommendations 

capacity, inherent fertilit;y, etc. 

FUrther research in developing legumes grasses 
and tree crops for steep slopes unsuitable for 
cultivation. 

No research is needed~ but a more detailed map 
or each of the soil conservation districts of 
a scale of 4" to the mile will give a better 
picture of the conservation needs for these 
probl.em areas. 

~ o· 

~ 
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5. Soil Conservation Practices Adaptation and 
' Development of New ·~rechni ues 

Most of' the soil conservation practices now 
being applied in Puerto Rico and the U.S. 
Virgin Islands have been adapted 'from prac­
tices already in use in the Continental 
U.s. and proved to be of' practical and ef­
fective value. Among some of the moz:-e im­
portant practices are : contour farming, 
cover croppingJrotation stubble mulching, 
pasture improvement and management, wild­
life area imprOvement, woodland, farm and 
fish ponds, irrigation, field windbreaks, 
water disposal areas and modified drainage -
type terraces~ " 

In addition to the above, other practices 
have been developed and adapted to condi­
tions in Puerto Ricoo Among these may be 
listed : slope=reduction and development of 
bench terraces through the use of vegetative 
and rock barriers, and individUal terraces 
for coffee and fruit trees. 

V. AEplication of Soil Survey to Land Utilization 

1. Crop adaptability 

Sugar cane, coffee, and other crops are 
being grown in soils to which they are best 
adap~ed in most cases. 

Recommendatio~ 

1. Additional information and· research in 
·rainfall and run..;off' studies, pasttire im­
provement and-management, irrigation and 
drainage, crop.r~tations, windbreaks, and 
farm and fish ponds. 

2. More information in determining vertical 
intervals fc~ terrace construction; the 
effect of' stubble mulching in'tobacco 
farming and the ~,value· of· indiVidual ter= 
race as it '\t.tects the root development, 
tree growth, and yield o.t established 
coffee trees. 

Investigation-of (1) potentialities of soils 
for the production or-other crops;"(2) the 
possibility ot·increasing production of low 
yielding crops. 
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2. Establishment of irrigation and drainag~ 
pro.1ects 

Soil studies conducted in the Lajas valley 
and in the Coamo area have shown that 
nearly 401 000 acres of land could be prof­
itably irrigated. Drainage problems in 
these areas have been studied. 

5. Economic land classification 

Studies conducted in the Lajas valley. 
Preliminary work done in the Caguas re­
gion. 

4. Geographic land classification 

Recommendations 

As available water may, in some cases, be a 
limiting factor in h~~d areas, irrigation 
studies should be extended also to these areas 
where crop production must be assured. Spac­
ing and depth of drains require further study. 

Further work to complete the land classifica­
tion for the whole Island. 

Detailed studies of land utilization in Completion of this work. 
relation to physical land conditions are 
under way, sponsored by the University of 
Puerto Rico and the Pu.erto Rico Planning 
Board. 

5. Classification for assessment purposes 

A classification of rural lams for eval- Periodic revisions of certain areas. 
uation of property on bisis of its actual 
value is under way, and may be finished by 
December, 1950. 

6. Soil conservation 

Farm planning on basis of soil conserva- Extension·of these activities to cover all prob= 
tion survey work in more than 51479 farms. lem areas. 
Nearly 244,479 acres are under conserva-

~ 
i-3 
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tion programmes. 

7. Soil reclama....!4.2n 

(a) Organic ~oils 

Plans are under way for the reclamation··· Research· on (1} re~lation of water table· depths 
or a large ·area or intick"'soils' iri. northern on' crop yields, (2J fertility and salinity prob­
Puerto Rico·where high water table is the lems. 
limiting factor for crop production. 
Harmful salt content is also a problem in 
some areas •. 

(b) Saline soils 

Preliminary attempts to reclaim with eul- Reclamation experiments with chemicals should 
phur and gypsum have not been successful)) be repeated· with ~r--::::. ~· ~e> e The ada:;:::tat!i.m 
probably due to high magnesium waters of l'ice to L'!lese ~re:...: e:!:':-·, ~ ~~ :':-: ::stigated. 
used. 

r'l 
. ' 

' i 



ANNEX I 

SOIL AND WATER CONSERVATION PRACTICiS IN PUERTO RICO, 
DEC~ER 31, 1949 

Practices 

Contour farming 
Cover cropping 
Stubble mulching 
Pasture improvement 
Seeding or pasture 
Wildlife area improvement 
Woodland management 
Tree planting 
Farm ponds 
Terraces 
Field diversions 
Farm drainage 
Irrigation land preparation 
Improved water application 
Crop rotation 
Kudzu 
Perennial grasses 

Unit 

Acres 
Acres 
Acres 
Acres 
Acres 
Acres 
Acres 
Acres 
No. 
Miles 
Miles 
Acres 
Acres 
Acree 
Acres 
Acref 
Acree 

Planned to date 

85,313 
941 

95,200 
78,266 
31,160 
1,966 

39,185 
11,271 

72 
21,282 

172 
13,820 

7,941 
1,651 

41,170 
1,228 
6,950 

Applied to date(l) 

23,923 
203 

59,598 
43,309 
10,367 
1,621 

18,081 
4,308 

39 
4,880 

90 
5,500 
2,086 

220 
24,227 

589 
4,107 

(1) It is estimated that application or the planned practices will be com­
pleted during the following five years. 
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ANNEX 2 

--
AIDS USED IN IllTER~»rG SOilS DATA AT THE UNIVERSITY 

OF PUERTO RICO 

By 

Dr. J.A. Bonnet, Heao, Dna lr.11.A. Lugo Lopez, 
Assistant Soil Technologist, Agricultural 

Experiment Station, University ot Puerto Rico 

INI'RODUCT !Q!! 

The interpretation of research data is always one of the problems 
that has to be confronted by the investigator, perhaps the most important 
one. Various workers subject their data to various interpretations. The 
interpretations suggested in this paper are being used at the Agricultural 
Experiment Station of the University of Puerto Rico. It is hoped that they 
can be considered as a basis for the standardization of the methods of in­
terpreting soils data in the C~ribbean area. 

Some of these euides have been developed by us. Others have been 
aeapted from workers in other regions. The establishment of significant 
limits for the interpretation of field and laboratory data in the Caribbean 
will probably help to a better understanding of the soil problems of the 
region. 

INTERFREI'ATION OF FIEI.J) DATA 

1. Profile depth 

Inches to rock or 
im;-ervious layer 

.... 2 
2-10 

10-20 
20-36 
~16-60 

·60 

98 

C 1'1 ss:1 fica tion 

very shallo,l 
smllow 
medium 
moderately deep 
deep 
very deep 
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2. Drainage 

OF RJERTO RICO 

Depth of mottling 
in inches 

< 2 
2ol0 

10-20 
20-36 
36-60 

>60 

s. Infiltration 

(a) Moist soil 

Inches of 'Water per 
hour 

< o.1 
o.1- o.5 
o.5- 2.0 
2.0- 5.0 
5.0-10.0 

) 10.0 

(b) Yet soil 

Inches ot wter per 
hour 

" o.o1 
o.ol-O.Jo2 
o.~ -o.·. 
o.5 -o.a 
o.a co2.5 

, 2.5 

Classification 

ve17 poor drainage 
poor drainage 
imperfect drainage 
moderately good drainage 
good drainage 
excessive drainage 

Classification 

very slav 
slov 
moderate 
moderate~ rapid 
rapid · • 
very rapid 

Classification 

very slov 
slov 
moderate 
moderate~ rapid 
rapid · 
very rapid 
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4. Degree of erosion 

Soil removed 

0 ll 

< 25% topsoil e 
25-75 topsoil n: 
75 or more topsoil, or all topsoil n: 

and less than 25% topsoil 
All topsoil and 25-75% subsoil s 
All topsoil and 75% or more subsoil ~ 

Gullies are recognized as a separate t~ 
present a definite control problem b.1 th 
sified into shallow and deep gullies. 

INTERmETATION OF I.ABORA 

1. Texture 

See chart. !:"otice that the "clay" gro 
particles below 2 microns. Sands must 
upper limit of silt separate. 

2. Permeability 

Inches of water pel 
hour 

<.OS 
o.o5-.2o 
0.20-.80 
o.so-2.so 
2.5o-s.oo 
s.oo-1o.oo 

,. 10.00 

3. Avail~ble "Water 

Inches of water 

< 1 
1-3 
3-6 
6-9 
9-12 

>12 
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OF FUml'O RICO 

4. Conductivity values 

(a) Salinit,' 

Mhos. x lo-5 

<. 100 
100-200 
200-400 
400-BOO 
B00-1500 

) 1500 

(b) Available nutrients 

!-!hoe. x 10-5 

5. Reaction 

< 15 
15-50 
50-100 

100-150 
)150 

( 4.0 
4.0-5.0 
5.o-5.5 
5.5-s.o 
s.o-s.5 
6.5-7.0 
7.0-7.5 
7.5-e.o 
e.5-9.o 

")9.0 

5. Lime requirement 

Tons of caco~acre 

Status 
I 

no salinity 
sli€ht salinity 
moderate salinity 
moderately severe salinity 
severe salinity 
very severe salinity 

Status 

very lov 
1ov 
medium 
high 
very high 

Category 

very strongly acid plus 
very strong]J1 acid 
strongly acid 
medium acid 
slightly acid 
neut~l 
very lightly alkaline 
alkaline 
strongly alkaline 
ve'I"Y' strongly' alkaline 

Classification 

high 
madera tely high 
medium 
moderately low 
low 
very low 
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'!. Total bases 

caeo5 equivalent 
lbsfacre 

< 500 
500-5000 

5000-10,000 
:: J,OC0-251000 
25,ooo-so,rJo 

> 50,000 

a. Chtion exchange capacity 

.m.c./100 grams of 
soil 

< 5 
5-10 

10-15 
15-20 
20-50 

')50 

9. Available P2o5 

. Lbs. P2osfacre 

< 10 
10-25 
25-50 
50-100 

100-200 
> 200 

10. Potash exchangeable with neutral salt 

Lbs. K20/acre 

< 25 
25-75 
75-150 

150-200 
200-400 

>400 

Classification 

too low 
low 
moderatezy low 
moderately high 
high 
too high . 

Classification 

very low 
low 
moderately low 
moderatezy high 
high 
very high 

Classification 

very low 
low 
moderately low 
moderatezy high 
high 
very high 

Classification 

very low 
low 
moderately low 
moderately high 
high 
very high 
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11. Organic matter content 

Clayey soil 

, 6.0 
4.5-s.o 
3.0-4.5 
2.0-3.0 
l.0-2.0 

< 1.0 

12. Nitrification ratel 

mgm. N03 

""30 
20-30 
15-20 
10-15 

5-10 
<5 

OF :romro RICO 

Sandy soil 

• s.o 
2-3 
l-2 

o.5-l 
o.2-o.s 
0.2 

13. Nitrogen (Hardy's scheme) 

Classification 

very high 
high 
medium high 
moderate 
low 
very lov 

Classification 

very good 
good 
moderate 
moderately low 
lov 
veey low 

Per cent total nitrogen 

Sands and loams 

o.45-o.35 
o.~5-o.3o 
o.ro-o.2s 
o.25-o.2o 
o.2o-o.1s 
0.15-Q.lO 
o.lo-o.o5 
o.os 

Silts and clays ... 

o.so-o.5o 
o.5o-o.40 
o.40-o.3o 
o.3o-o.2s 
o.2s-o.2o 
o.2o-o.1o 
o.1o-o.os 
o.os 

Nitrogen status 

very high 
high 
fairly hit,h 
medium high 
medium 
medium lov 
low 
very lov 

14. Ef'f'ect of' ratio of' availAble calcium to sodium on sugarcane growth. 

Ratio 

3:1 
15:1 

Rating 

unfavourable 
favourable 

BaB~21 : 30 mgm. of' nitrogen as ammonium sulphate f 200 mgm. CBC03o 



ANNEX 3 

FIELD MEI'HODS OF SOIL SURVEY USED IN RJERTO RICO 

By 

Dr. J.A. Bonnet, Head, and Dr. M.A. Lugo Lopez, Assistant 
Soil Technologist, Agricultural Experiment Station, 

University of Puerto Rico 

I. Basic soil survey (U.S.D.A. Soil Survey Division) 

Mapping soil types according to logical, natural system of cla::J• 
sification. Scale 1:50,000 or 1" - 4166' (1 sq. in. • 400 acres). Soil 
examination according to the following criteria (5, 8)* : 

1. General features 

a. topographic position 
b. drainage 
c. parent material 
d. native vegetation 
e. apparent productivity 
f. erosion 
g. crops produced 
h. presence of rocks 
i. stoniness 

2. Profile observations 

a. arrangement and thickness of soil layers 
b. number of horizons 
c. colour - Munsell colour standard chart 
a. texture - "feel" method 
e. structure 
r. consistency 
g. organic matter content 
h. roots 
i. cracks 
j. free lime - dilute HCl 
k •. lH va.lue - Hellige' s -'l'ruog kit 
1. concretions 
m. salinity - conductivity bridge 

* Numbers in parenthesis refer to literature cited. 

104 
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II. Conservation survey 

!-tapping units which may include one or more soil series as basis 
for farm planning according to soil conservation practices. Scale lal5,840 
or 1" • 11 5201 (1 sq. in. • 40 acres). 

Consider a 

1. Soil 

a. effective depth 
b. texture of surface 
c. permeabili t;y 
d. available moisture ca:r:c-oit;y 
e. reaction, tree lime 
f. natural Clrainage 
g. inherent fertility 
h. orcanic matter content 
i. underlying or parent material 

2. Slope 

Slope classes depending on soils, climate, land use. 

3. Erosion 

Erosion classes depending O."l deeree of dnll8ge. 

4. Land use 

5. Special features such as wetness, salinit;y, overflow, etc. 

III. Surve;y1br irrieation projects 

Determination or suitabilit;y of soils for establishment or 1rri­
cat1on projects on an area (1, 2) Scale lslO,OOO or 1" • 8331 (1 sq. in. • 
16 acres). 'l'he follo'Wing factors are studie<l a 

1. Soil 

a. detlth 
b. perl!'lea bili t;y 
c. preSI:)!lCe of rrevel la;yera in profile 
d. infiltration capacity (6) 

' 
2. Relief' - ita variability and ho'W it effects feasibility of irri@'Stion. 
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3. Erosion 

4. Land use 

5. Special factors such as stoniness, presence of ~ders and gu111es, 
salinity, etc. 

IV. Crop adaptability survey 

Determination of suitability of a soil for a particular crop. 
Scale 1:10,000. Factors to be considered t 

1~ Soil 
I 

a. texture 
b. drainage 
c. acidity 

~d· inherent fertility 

2. Topography 

Whether favourable for mechanization 

3. Climate 

a. temperature 
b. rainfall - annual distribution, seasonal variation 
c. winds 
d. other factors 

4. Erosion 

V. Economic land classification . . 
A classification of the land on the basis of the intensity of use 

to which it is adapted as basis for drafting a sound program of land use 
(4). Scale 1:251000 or 1" • 2083' (1 sq. in. • 100 acres). Factors con• 
sidered : 

1. Soil 

a. texture 
b. drainage 
c. fertility 
d. reaction 
e. depth 
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2. Erosion 

5. Climate 

4. Land use 

5. Location 

6. Various economic factors 

VI. Geographic land classification 

Detailed studies of land utilization in relation to the physical 
conditions of the land. Basic information for planning for future land use 
(5). Scale 1:10,000. 

Observations are made on : 

1. Land conditions 

a. soil 

(1) effective depth 
(2) texture of surface soil 
(5) under~ing material (4l permeability of subsoil 
(5 organic content 
(6 chemical reaction 
(7) natural soil drainaee 
(8) inherent fertility 

b. fdope - its influence upon drainage, erosion, and cultivation. 
c. drainaee - significance regarding tillage. 
d. erosion 
e. stoniness and rock exposure 

2. Land utilization 

VII. Classification for assessment purposes 

Classification of rural lands for evaluation of property on basis 
of its actual value (7). Scale lslo,ooo. Factors considered : 

1. Potential productive capacity of the land. 

a. chemical and physical properties of soil 
b. erosion 
c. topography 
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2. Accessibility to parts and markets. 

5. Existing irrigation facilities. 

4. Market price. 

5. Froeuction quotas. 

6. Other economic factors. 
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ANNEX 4 

lABORATORY METHODS FOR SOIL AND l'IAllT ll.NALYSIS USED 
IN THE AGRICULTURAL EXPERD~IENT STATION WliVERSITI 

OF RJERTO RICO 

By 

J.A. Bonnet, Head; M.A. Luge Lopez, Asst. Soil Technologist; 
and A.R. Riera, Asst. Chemist, Soils Department 

I. Sampling 

1. General eoil sampling technique 

Cline, 1-f.G., "Methocs or preperinr ond collecting soil samples," 
~ [£., 59, ~-5, 1945. 

2. Soil core sampling technique 

Coile, T .S., "Soil Samplers, n ~ 2,S!., 42, 139-142, 1956. 

Kelley, O.J., Hardman, J.A., and Jenninrs, D.S., "A soil sampling 
machine for obtaining two, three, and four inch diame­
ter, cores or undiaturbed soil to a depth or six feet,• 
~ 2,S!. ~· ~· ~·· ~. 12, 85-87, 1948. 

5. Plant tissue sampling 

For fl'8Sses - one-third at the end or the fourth leaf from ran­
domized plants. 

II. Preparation or the sample 

1. Soils 

a. For general work 

Samples are air dried and passed throurh a 2 mm. sieve. 

b. For special work 
... 

Methods of Analysis of the AsRociation of Official A~ieultural 
Chemists, 6th Ed.; 1945. 

Soil so., 59, Jan., 1945. 
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SoiJ Sc., 68, July, 1949. 

2. Plant tissue 

Samples are criec in the oven at 7000, ground in micro Wiley mill, 
and siftec through a 40 mesh sieve. 

III. Physical measurements 

1. Texture 

a. Hyerometer 

rouyoucos, G.J., "The byerometer as a nev method for the mechani­
cal analysis or soils," Soil Sc., 25, 545-555, 
1927. 

b. Decantation - Osborne's method 

Methods or the mechanical analysis of soils and of the determina­
tion of the amount of moisture in soils in the field, USDa, Div. 
of Soils, Bul. 4, 1896. 

c. Pipette 

Jennings, D.S., Thomas, M.D., and Gardner, M., "l nev method or 
mechanical analysis or soils," Soil Sc., 14, 485-

499, 1922. 

2. Structure 

a. Structure measurements based on soil porosity. 

True density - apparent density Total soil volume occupied 
True censity X 100 • by voids 

• 
Russell, M.B., "Methods or measbring soil structure and aeration," 

Soil Sc., 68, 25-36, 1949 •. 

b. Structure measurements based on soil aggregate. 

Falling erop technique. 

McCalla, T.M., "Water-drop method of determining stability or soil 
structure," Soil Sc., 58, 116-122, 1944. 
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3. Mineralogical analYsis of soils 

a. Specific gravity separation of soil minerals 

Bonnet J.&., "The nature of laterization as revealed by chemical, 
physical, and mineralogical studies of a lateritic 
soil profile from Puerto Rico," ~ §.£., 48, 25-40, 
1939. 

b. Petrographic udcroscope. 

Marshall, C.E. and Jeffries, C.D., "Mineralogical studies in soil 
research a I," ~ ~· ~· ~· ~., ~~ 10, 
397-405' 1946. 

c. X-Ral' spectrometers 

Jeffries, C.D., "The use of X•ral' spectrometer in the determina• 
tion of the essential minerals in soils,• ~ ~· 
~· ~· ~·· 1947, 12, 145·150, 1948. 

4. 1-foisture studies 

a. Field moisture content 

(1) gravimetric determination by dr,ying a sample in an oven, at 
1100c. 

(2) energy measurements 

(a) tensiometers 

Richards, L.&. •Soil moisture tensiometer materials and con­
struction,• ~ ~., 53, 241·248, 1942. 

(b) electrical resistance method 

Bo~cucos, G.J. and MiCk, &.H. An electrical resistance 
method for the continuous mea8Urement of soil moisture 
under field conditions, Mich. &gr. Exp. Sta., Tech. 
Bul. 172, 1940. \ 

b. Field eap3eit1 

v.Teaver, J.E. and Clements, F.E., Plant Eeoloa, New York, McGraw 
Gill Book Company, Inc., 1938. 
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c. Moisture equivalent 

Briggs, L.J •. and McLane, J.U., The moisture equivalent of soils, 
USDA, Bur. Soils, Bul. 45, 1-25, 1907. 

d. Permanent wilting point 

Briggs, L.J. and Shantz, H.L., The wilting co-efficient for dif­
. ferent plants and its indirect determination, USDA, 

Bur. Plant Indus., Bul. 250, 1-85, 1912. 

Hendrickson, A .H. and Veibmeyer, F .J., "Permanent wilting percent­
ages of soils obtained from field and laboratory 
trials," ~ Physiol., 20, 517-559. 

Richards, L.A. and Weaver, L.R., "Fifteen atmosphere as related to 
the permanent wilting percentage," §.2i1 2.£., 56, 
551-540, 1945. 

e. Permeability 

Files, B.P.I. - s.c.s. Research Laboratory, Agricultural Experi­
ment Station, R!o Piecras, Puerto Rico. 

f. Complete pF curve 

Bonnet, J.A. and Luge L6pez, H.A., Final report of sail studies in 
the projected Cosmo irrigation area, Unpublished, 
Agr. Exp. Sta., Univ. of P.R., 1949. 

IV. Chemical measurements 

1. Base exchange 

a. The determination of exchangeable bases (ca, Nn, Mg, Fe, F) and 
total exchange capacity with normal ammonium acetate. 

Feech, Michael, "Determination of exchangeable cations and ex­
change capacity of soils - Rapid micrometric methods 
utilizing centrifuge and spectrophotometer, 11 ~ 
Sc., 59, 25-58, 1945. 
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Bonnet, J .A. and Riera, A .R. "Tracing the mineral from the soU 
to the plant to the animal blood. Fart I. Effect of 
lime on the mineral composition of the soil, of the 
grass, and on the crop yield," ~· .2! !£., Univ. 
ot P.R., 30, 1~8-158, 1946, 

b. Determination of exchangeable potassium ond sodium. 

lttoe, o.J. and Truog, E., WRapid photometric determination of ex• 
changeable potassium and sodium," ~ §s. ~· ~· 
~., ~. 11, 221-226, 1947. 

2. Organic matter 

a, Rapid test 

Cenco Yilce oreanic matter color scale. cat, No. 28303, Central 
Scientific Co., Chicago. 

b. Schellenberger method 

Schellenberger, C.J., "Determination ot Soil organic matter,• ~ 
~., 59, 53-56, 1945. 

3. Total nitrogen - Xjeldahl method, 

Methods of Analysis of the Associati~n of Official Agricultural 
Chemists, 6th Ed., 1945, 

a. Glass electrode - (Macbeth, Cameron, Titrometer, Beckman) soil wter 
extract ratio of 1:2,5. 

b. Quinhydrone electrode. 

5. Conductivity - for total soluble salts in soUs 1:2 soil wter suspen­
sion. Solu Bridge. 

Bonnet, J.A.., "Laboratory and field studies in an alkaline earth 
solonchak area of Puerto Rico to be irrigated,n ~· 
~ ~· 222· ~., ~. 11, 480-483, 1946, 
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6. Lime requirement 

Riera, Alfonso, 11Lime requirements of soils,• ~· ~ !£., Univ. 
of P.R., 30, 184-185, 1946. 

7 .-Analysis of wter extract (Total solids, HC03, C03, N~O, K20, so3, 
c1, cao, MgO) 

Methods of Analysis of the Association of Official Agricultural 
Chemists, 6th Ed., 1945. 

8. Fusion analysis (Total Si02, F9203, A.l203, MgO, CaO, K20, N~O, T1~' 
MnO, P2o5, c~, so3). 

Methods of Analysis of the Association of Official Agricultural 
Chemists, 6th Ed., 1945. 

9. Copper and cobalt cleterminations 

Holmes, R.s., "Determination of total copper, zinc, cobalt and lead 
in soils and soil solutions~,." ~ ~., 59, 77·84, 
1945. . 

10. IoCiine and fiuorine determinations 
I 

Methods of Analysis of the Association of Official Agricultural 
Chemists, 6th ECI., 1945. 

ll. Available nutrients 

Bonnet, J.A. and Vil.lam.U, F.A., "Research on shortening time with­
out affecting the accurae,y of Dyer's modifieCI method 
for cletermination in soils, "of phosphoric acid, 
lime, and potash soluble in citric acid solution,• 
~· ~· of !.E!• !!! ~·B•• 17, 287-300, 1933. 

12. Boron c3etermination in soils 

Truog, E., IIDetermination of total and available boron in soils,• 
22!1 ~., 59, 85-90, 1945. 

Colwell, V.E., n& biological method for determining the relative 
boron contents of soils," ~ ~., 56, 71·74, 1943. 
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13. Plant analyses 

R.Q. Farks and G.H. Ellis, "Quantitative chemical microdetermina­
tion of twelve elements in plant tissue - {ca, Fe, P, 
Mg, Mn, cu, Co, Zn) ,n Industrial and Engineerine Chemis­
~' Analytical Edition, 527-555, 1945. 

Bonnet, J.A. and Riera, A..R., "Tracing the mineral from the soil to 
the plant to the an11nal blood. 'Part I. Effect of lime 
on the mineral composition of the soil, of the grass, 
and of the crop yield," ~· £! !.£:!:., Univ. of P.R., 
50, 158-+58, 1946. 

14. Foliar diagnosis 

Wander, I.U ., "Total potassium in plant material," Industrial and 
Engineering Chemistry, Analytical Edition, 14, 471, 1942. 

Volf, Benjamin, "Total nitrogen and phosphorus in plant material," 
Industrial end Engineer1ng Chemistry, Analytical Edi­
tion, 16(2), 121. 

V. Microbiolo(ical determinations 

1. Nitrification rate 

Bo~~et, J,A., "Nitrification studies with soil types of northern 
Puerto Rico," ~· Del:'t, ~ ~· ~ E·!l•• 19, 75-105, 
19Z5, 

2. Microbial population in soils 

Bonnet, J,A,, "Nitrogen transformation in the decomposition of surer 
cane trash, with special bearing upon Puerto Rico soil 
problems, II Jc_ur •. pept 0 of A rr •. of p .R., 15, 115-146' 
1931. 



Survey of Existing Conditions 

I. Soil Forming Factors Data 

(1) Some geological informa­
tion available {Ijzerman, 
Outline or Geology and 
Petrography of Surinam, 
1931). 

(2) Aerial photographs of 
the northern half of Su­
rinam available on a­
scale of 1:40,000 and 
partly, too, on a ~cale 
or 1:20,000, as well as 
photo~osaics on a scale 
ot 1:100,000 and 
1:40,000o 

SURINAM 

Problems Recommendations - -
Need for more geological infor- Seek cooperation of the Geo1ogi­
mation especially for the coast- cal and Mining Service. 
al belt. 

Need for base maps on a scale of Seek cooperation of the Crown 
1:10,000. land Office and the Central Bu­

reau for Aerial Surveys. 

(3) Rainfall data available Need for more detailed informa-
f.or ·man::y stations, mostl::y tion on rainfall. 
coastal. 

Temperature, relative hu­
midity and wind data 
available for two sta­
tions (Paramaribo and 
Nickerie) (Braak, 
Mededelingen en Verhande­
lingen van het 
Koninkl~ Nederlands 
Meteorologisch Instituut, 
No. 36; Overzichten der 
Meteorologische ----­
~nemingen in 



Survey or Existing Condi~ illl?.l~ Recommendations 

I. (S) (Contd.) 

Nederlands W-Innie~ Kon. 
Ned. Meteor. Inst. 

Evaporation da~ lacking. Need ror information on evapora- Seek cooperation or British and 
tion. French Guiana. 

(4) Fair amount or intorma- ' 
tion on vegetation 
(Pulle, Flora or Sur!nam, 
Vol. I, II, III, IV; 
Stahel, Nuttige planten 
van Suriname, Bull. 
Agric. Exp. Station, No. 
59, 1944). 

(/) 

Information on plant so- Need tor plant sociological §i 
H 

ciology lacking. studies. ~ 
IS: 

II. Standardization of Soil 
Surve;t Methods 

(1) M:lpping is being done on Seek advice and cooperation or 
kodatrace covering an pedologists in other countries. 
aerial photograph (con-
tact print or enlarge-
ment). 

Soil samples are taken 
by means or the Dutch 
auger. 

(2) The routine methods for Need for increasing the capacity Introduction of rapid chemical 
analysis of soil samples or the laborat~. tests for analysis or tropical 
include : pH-water, soils. ..... ..... pH-KCl, organic matter, Need for s~ndardized laboratory -.3 



~ez or Existing Conditions Probleml! Recommendations .... .... 
II. (2) (Contd.) 

(X) 

calcium carbonate, avail- methods on physical soil proper- Seek advice and cooperation ot 
able phosphateJ available ties. soil chemists in other coun-
potash, total exchange- tries. 
able bases, eydrolytic 
acidity and mechanical 
analysis (fractions : 2-
8-16-53-74-105-149-2lo-
297-420•590•840ol000-1410 
-2000 microns). til 

0 
1-4 

III. Szstem or Soil Classifica- t"' 
til tion and Mapping 0 

R No definite decision has Need for a system or classifica- Seek advice and cooperation or 
yet been made concerning tion especially adapted to soils pedologists in other countries. t:oJ 

1-4 nomenclature. derived from pleistocenic and 21 
holocenic formations. 1-i 

ii3 
IV. Detailed Regional Pro- ~ gramme of Soil Survez ::0 

1-4 

A detailed survey of an Urgent need for soil maps on a Seek financial aid under the I area west of P.aramaribo large scale of areas under cul- Netherlands Development and ~ 

(7 ,500 acres), on a scale tivation to improve land use, Prosperity Fund for Surinam, to 
ot 1~10,000, is in pro- and for soil maps on a small speed up the work as much as 
gress. scale of undeveloped areas for possible. 

new settlements. 
Some reconnaissances, 
mostly in the north-west 
part of Surinam, have been 
made. 

v. Survez or Soil Erosion1 
Conservation 1 Renovation 

Nothing yet attempted. Need for a programme to check As under 'N. __ .. , ____ .. --
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VI. Application of Soil Survez . 
to Land Utilization 

Problems 

Annexed to the detailed soil Need for a land capability 
survey west or Paramaribo, a survey. 
land use map, some farm 
management research, etc., are 
being made or this area, to 
obtain sufficient data for 
land improvement. 

Recom.'!lenda tions 

As under IV. 



TOBAGO 

Survey of Existing CQ!!~2!1!! Problems 

I. Soil Forming Factors Dat~ 

1. Some ~eological data avail- Need for further petrological 
able (Cunningham-CraigJ information and for geological 

Seek cooperation of geologists. 

Trechmann, etc.). maps. 

2. Road map available but only Need for further topographical As above. 
sparse topographical data. data. 

3., Some rainfall data avail­
able. 

4. Excellent descriptions 
(J.S. Beard) of vegetation 
available. 

II. Standardisation of Soil 
Survey Methods 

Methods used in Trinidad 
soil survey (Chenery) have 
been used in Tobago. 

III. Sys1§~of Soil Classifi­
cation and Mapping 

Classification method of 
U.S.D.A. (Soils an~, 
1938) applied to soils of 
Tobago (Chenery). 

Need for more meteorological 
data. 

Seek help from Hydrological 
Dept. of Trinidad. 

Need for information on forest Seek further cooperation of 
un1ergrowths and cultivation Forest Department and botanists. 
weeds as "markers". 

Seek help from Dept. of Agricul­
ture, Trinidad, for services of 
soil surveyor, and from British 
Caribbean Soil Survey. 

Intensification of soil survey As II. 
needed. 
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IV. Detailed Regional Programme 
2!:...§.Q11 Surve::r 

Problem? Recommendations 

Report and soil map available fublication or soil map needed. As II. 
(Chenery), but not yet pub-
lished. Seek aid from Government 

Cartographers for publication 
or soil mp. 

V. Survey or Soil Erosion, Con­
servation, Renovation 

Articles on soil erosion in 
Tolago published (Hardy). 

VI. Application of Soil Survey 
to Land Utilization 

No attempt yet nade. 

A detailed survey or erosion 
awaits attention, especially 
of recent flood damage. 

Elaboration or agricultural 
systems suited to the pre­
vailing economic and ecologic 
circumstances urgently needed. 

As II. 

Seek aid from U.S. authorities. 

Formation or a committee or 
initiation or discussions 
among interested parties. 

Seek aid from u.s. authorities. 



Survey of EJisting Conditions 

I. Soil Forming Factors Data 

1. MUch detailed geological in­
formation available from oil 
geologists. Several books 
and articles on local 
geology published and some 
sketch maps. A comprehen• 
sive treatise, with maps, 
now under consideration b,y 
Trinidad Leaseholds, Ltd. 
Lithological maps already 
prepared. 

2. Fair topographical maps 
available (road maps, etc.). 
MUch information in archives 
or oil companies. 

3. Climatological data avail­
able for many stations. 

4. Excellent memoir (J .. S.Beard, 
1945} on vegetation or 
Trinidad, with good map 
(laSO,OOO and 1:150,000). 

II. Standardisation of Soil Sur­
ye:y Methods 

Soil survey methods have been 
standardised; auger and pit 
method (Hardy, Chenery, 

TRINlDA.D 

Problems 

Need or more geological in- Seek fUrther cooperation of oil 
formation for Northern Range geologists and of the Government 
area. Geologist. 

Need for more accurate topo- As above. 
graphical inforuation or 
some type-areas. 

Need for extension of rain 
gauge stations, and for 
recording rain gauge. 

Need for more information on 
forest undergrowths and of 
cultivation weeds as soil­
type "markers". 

Seek help from new aydrological 
Dept. ot Trinidad. 

Seek fUrther cooperation from 
Forest Dept., local botanists and 
Botanical Dept. of the l.C.T.A. 

Seek further help from Department 
of Agriculture for services of 
soil survey officer. Possible 



~-vey of Existing Conditione Problems Recommendat!2m! 

II. (Contd.) 

Charter, Witt). help from British Caribbean SoU 
Survey. 

III. sxstems ot, Soil Claseifiea-
tion and Mappin' 

1. System devised bf Charter Probleu of the northern As II. 
applied to sugar cane lands. Range soils still await 

investigation. 

2. Sy-stem devised b;y Chener,-
applied to middle part of 
Trinit!ad. 

S. Both systems stress drainage 1-i 

as the main soU forming ~ 
agency, depending on topog-

~ raPhy and permeability of 
parent materials. 

IV. De!!iled Regional Prog:ramme 
of Soil Suryey 

1. Chenery1s latest report and Completion or the soil AS II. 
soU map are not yet pub- survey or the whole of 
llshed, though available. Trinidad needed. Publi-

cation or soil maps 
urgent. 

2. Extension of the area sur- Seek aid from Government cartog-
veyed by Chenery now being raphers for publication or soil 
undertaken. (G. Witt). maps. 

~ 
u 
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V. Survey of Soil Erosion, Con­
servation, Ren~ion 

Problems- Recommendations 

1. No general policy for soil General extension ot soil erosion As II. 
'conservation yet in opera- survey needed. 
tion. . 

2. A Land Allocation Policy 
was formulated in 1944 by 
Brooks. 

3. Articles on soil erosion 
in Trinidad have been pub­
lished in Tropical Agri­
culture by Cater and by 
Hardy. 

4. A Soil Erosion Officer, 
trained in U.S.A., is a 
member of Dep3.rtment or 
Agriculture starr. 

VI. Application of Soil Survey 
to Land Utilizatiog 

See V. A map by Chenery 
ot Land Utilization has 
been published (Tropical 
Agricul~~ 1940). 

Propaganda needed to make 
planters·and peasants "erosion­
conscious". 

Need tor revision of legislation 
regarding land tenure. 

Elaboration of agricultural sys­
tems suited to-the prevailing 
economic and ecologic circum­
stances urgently needed. 

Seek aid from U.S. authorities. 

Formation or a Committee; or 
initiation of discussions 
among interested parties. 

Seek aid from U.S. authorities. 



SOIL EROSION .. ~IN 'l'HINitAD 

By 

G.C. Witt, Soil Survey Officer, De.partment of Agriculture 

The problem of so1] erosion~.in _the Colony was studied by 
Professor Hardy and his findings were_puhJ1shed in Tropical Agriculture 1n 
1942 (XIX, No.2, pp. 29-55). In this article the types, the causes and, 
in some instances, the status of erosion are discussed in relation to the 
main toporraphical divisions, and the information set out forms an extreme­
ly useful basis for further study with the object of evolving sound land 
use principles, as well as adequate practical measures for combating ero­
sion. Stress is also laid on the absence and need of a general policy b.1 
which the problems may be widely appreciated, and concerted action taken to 
combat them. 

During the same year of publication of this article the Agricul­
tural Policy Committee was appointed, whose terms of reference included, 
~ !!!!, a definition of the objectives of a policy for agricultural de­
velopnent, the formulation of a long term policy for much agricultural ae­
velopnent, the laying oown of broaa lines of experiment and research pro­
grammes, etc. In the report of this Committee, publisheo in 1945, one of 
the main objectives stressed was the conservation of the natural resources 
of the Colony, and specific policy recommendations were mace in respect of 
the conservation of soil. Some of these recommendations are :-

(a) Survey of the existing condition of the soil, with a view to ascer­
taining the oirect and inoirect causes of erosion and investigating 
ana applying effective remeoies. 

(b) Regulation of land use. 

(c) Investigation and demonstration of farming systems which aio soil 
conservation, e.g., mixed farming on a stock-keeping basis. 

(a) Development of soil consciousness in the community by such means as 
education, propaganda and oemonstration. 

(e) Re-organisation of the Department of Agriculture to render its ser­
vices more effective in the improvement of agriculture generally. 

(f) State aid for such soil conservation projects as purchase and use of 
artificial manures, mixeo farming, anti-erosion and drainage mea­
sures, afforestation of approved areas, etc. 

125 
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In 1947 an officer-of the Department of Agriculture w.s assigned 

to follov the field training course offered by the u.s.D.A. Soil Conserva­
tion Service, vith the object of obtaining first hand information on the 
methods and techniques employed by that agency in the Federal programme of 
Soil Conservation in the United States. This_a!ficer.a~sumed duties in 
connection with soil conservation work in Trinidad and Tobago in July, 1949, 
and the initial step was taken in the organization of a course of training 
for the field staff of the Extension Services in the principles and field 
practice of soil conservation with special reference to local conditions. 
This training programme is still in progress and, when it is comolated, the 
next logical step vill be embarked upon, that is, propaganda aimed at fo­
cusing public attention on the direct and attendant evils of soil erosion 
as well as the need for, and benefits to be derived from, concerted effort 
in the application of remedial measures. 

Concurrently with propaganda and education will go the establish­
ment of suitable demonstrations in~ocations representative of the main 
problem areas. Up to the present no public funds have been provided for 
the initiation of this phase of the work. However, the lead in the estab­
lishment of soil and water conservation practices on a field basis was 
taken by one of the large sugar companies about 1946...and the work is being 

/ extended from year to year. 

Land Use in the Colony 

It is accepted at the present time that certain aspects of past 
and present land use may be held respons.ibJ.e..._for _the rapid soil degradation 
which has occurred over sizeable acreages in the Colony. A radical change 
in policy vith regard to the future usefof these areas is a prime necessity, 
and is best based on conservation surveys to determine the nature, degree 
and distribution of those physical land characteristics which limit the 
safe use of the land for agricultural. purposes. Such surveys vill not only 
serve to indicate the areas or sections which should under no circumstances 
be subjected to a regime of agricultural production, but also to prescribe 
the limits in usage as well as the treatment necessary to maintain the 
highest possible standard of production on the remainder consistent with 
its capability for agricultural use. 

The SoU Survey of the Colony is far from being complete, but, 
wherever erosion problem areas occur vithin areas already surveyed, the 

·delineation of other important pbysical factors such as slope conditions, 
and nature and eegree of past erosion, are useful in securing inforDJ9.tion 
relevant to land use determination in the Colony. There exists, however, a 
serious handicap to the accurate mapping of a conservation survey in the 
absence of suitable base maps showing details of relief and other features. 
Aerial photographs are available, but their scale is far too small to allow 
of their use in the field. Should it become necessary or practicable to 
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to rrovide state aid for soil conservatlon_in the future, the information 
provided by the conservation surveys would be indispensable in fixing the 
land use requirements for qualification. 

Erosion Control Work in Trinicad and Tobaeo 

The Ste. Hadeleine Sugar Company is credited 'With the initiation 
of contouring as a means of overcoming the drought effects 'Which young 
suear cane suffers in varying degrees during the dry season o This practice 
has yielded very encouraeing results in the direction of increased tonnages 
of both plant and ratoon canes, and its application is being extended every 
year. 

Soil Conservation in relation to the major crop industries 

A. brief review of the main agricultural crops "Will serve to pro­
vide a better appreciation of their relative contribution to the present 
status of erosion in the Colony. Cacao occupies a greater acreage in 
Trinidad than all the other aericultural crops combined (212,000 acres by 
planimetric estimates in 1958). Due to abandonment as 'Well as conversion 
to Yar Gardens, this area is now reduced to an estimated 160,000 acres. 
The conditions of growth of this crop more nearly approach those of natural 
forest than any other aericultural crop, and, in consequence, the rate of -
erosion on land occupied by it would be expected to approximate the normal 
or geological rate. This has been a very fortunate circumstance for 
Trinidad, and the same holds true for Tobago, 'Where the majority of the 
lands under cacao are steeply sloping. 

Sugar cane also occupies a large land area (106,000 acres), the 
greater proportion of which, however, is either flat land subject in parts 
to mild floodine, or mildly sloping and, therefore, not prone to serious 
erosion. The remainder, comprising rolling land, constitutes a problem in 
view of the increasing steps being taken in the mechanization of tillage 
operations, for it is a well-recoenized fact that indiscriminate ploughing 
by systematically moving topsoil in body down hill can accomplish, and at a 
considerably accelerated rate, the same end result of soil depletion on the 
crests and upper slopes, as 'W8ter erosion alone. 

The acreage under citrus has expanded rapidly from the figure of 
5,000 acres in 1938, mainly as a result of the adoption of this crop as a 
replacement for cacao on soil 'DllBuitable to the latter. Apart from crown 
weeding ot individual trees, it is a normal practice to maintain a perma­
nent ccver of grass, and this in itself provides adequately against the 
possibility of severe soil loss on eloping lands. The same applies to 
other permanent crops. 

The food crop industry is the gr~atest ~ingle agency of land 
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abuse in the Colony. Apart entirely from the harmful practices of burning 
of lands and shifting cultivation, the layout ancl cultivation of ngardensn 
leave much to be desired by way of modification in order to satisfy the all 
important needs o.f' adequate erosion control and sustained productivity. 
The problem is rendered all the more difficult by the scattered nature o.f' 
the gardens and the relativelY large areas of derelict or semi-derelict 
land which they straddle. In some of these areas the problem to be tackled 
involves either permanent retirement of the land or the institution of mea­
sures of soil renovation. Most of the land in these areas is under private 
ownership and occurs on moderate to steep topofl'Bphy. 



VIRGIN ISLANDS OF THE UNITED STATES 

Survey of Existing Cond1~ 

I. Soil Forming Fac~ors Data 

Limited records available on 
rainfall, temperature, wind 
velocity and evaporation 
rateso Topography is indi­
cated on lalOjOOO Coast am 
Geodetic Survey map. 

Soil Reconnai~ by James 
Thorpe 1 19321 shows soil 
types and land eap9.bility. 
Basic soil origin volcanic 
and calcareous. 

Aerial survey photographs by 
u .. s. Army show vegetation 
and land use. 

II. Field and Iaboratorx 
Methods of Soil Survez 

Physical and chemical mea­
surements of soils are not 
made at present. However, 
the u.s. Soil Conservation 
Service has started a .field 
survey of' Virgin Islands 
soils in order to bring up 
to date the work done b,y 
Thorpe in 1932. 

Problem 

Need tor organized, authentic 
and elaborated data on soil 
.forming factors with a deter­
mination or their innuence on 
soil formation and maintenance. 

Need tor increasing the number 
of' agents working on this sur­
vey so that it may be complet­
ed as rapidly as possible. 
This survey is essential for 
intelligent farm planning and 
land use. 

Recommendations 

Expansion of personnel and provi­
sion of facilities at the local 
Agricultural Stations for the 
purpose of conducting research 
and experiments to fUrnish the 
information needed .. 

Indicate this need to the author­
ities of' the U.S. Soil Conserva­
tion Service and urge early at-
tention to the matter. · 
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III. S:vskm of' 5•)11 Cla_§§!!:!s!:. 
0 

,t!!m_and J,~ing 

The Soil Conservation Work As indicated above, the need is See above. 
is conducted under the su- tor epee~ completion of all 
pervision of the U.S. Soil soil mapping and classification 
Conservation Service in routine. 
Puerto Rico. The methods 
used for textural topo-
graphic and geologic clas-
sification or soils are tn 

0 
those standard for that H 

Service. t"' 

~ ..... 
IV. Soil Erosion1 Conservation ~ and Renovation ts1 

Soil erosion heavy, aria- Lack ot reliable information. Petition U.S. Congress to ere-
..... 
:.::: 

ing particularly from in- Need tor technical and labora- ate research department in the 1-3 

discriminate clearing or tory facilities to procure the local Agricultural Stations. gj 
mountain areas which necessary inf'ormation. (') 

II> should normally remain in Increase Extension Services to ::u 
H forest or grass. Lack of knowledge and apprecia- educate the people in the im- tx1 

tion of the importance of soil portance of eoil conservation. ~ u.s. Soil Conservation conservation. z 
Service provides limited Enact legislation to provide 
technical assistance for Need for greater technical and for forest protection and 
establishing soil and financial assistance for carry- proper land use. 
water conservation plans ing this progranune through to a 
on farms. successfUl completion. Seek administrative cooperation 

in urging passage of the bill 
A 10-year ~Vaster Plan has before Congress to appropriate 
been drafted for the Vir- the fUnds estimated by the U.S. 
gin Islands indicating the Soil Conservation Service as 
soil and water conserva- needed for the establishment of 
tion needs. It includes the recommended soil and water 
land capability figures, conservation practices for the 
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IV .. (Contd .. ) 

problem areas, terracing, Virgin I slams. 
contour furrowing, con= 
struction ot t.a~m ponds, 
legume planting, and bar-
rier establishment by roik 
and vegetation. 

v. ftactieal AEQlieation ot c::: 
HI 

Soil Surve;rs to land Utili- ~ 
zation HI z 

HI 

Soil Conservation work in Boards work without compensation Arrange for compensation of (Jl 

the Islands is carried on so that the time aid effort re- officers to the extent or ex= ~ by loval Soil Conservation quired for promotional work are penses incurred during per- til 
District Boards. They de- often lost. formance ot Services o 

~ termine ways and means by 
which the plans established Lack or adequate finance for Provide fund commensurate to ~ 

by the U.s. Soil Conserva- purchasing equipment and conduct-- the present needs of the.pro= ~ 
tion Service may be imple- iDg the programme in general. gramme. c::: 

2: 
mented .. Their agents ar- .... 

~ 
range for loans, financial ~ 
assistance, equipment and (Jl 

all other facilities which )! 
will permit practical exe- a cut ion of soil and water 
conservation plans. 

The Production Marketing The main office is loea ted in Bring this situation to the 
Association makes cash St. Croix. Agent seldom visits attention or Production ~ar~ 
benefit payments to farmers St. Thomas and Sto John as ex- keting Association authori-
who adopt these practices. penses for travel are not reim- ties with request for amelio-
These 1n~entive payments bursedo rationo 
encourage conservation work 
generally. ~ 

(Jil 
~ 
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V. (Contd.) 

The Agricultural Extension 
Service cooperates with all 
agencies to educate the 
farmers and assist them with 
soil and water conservation 
work. 

The Farm Home Administration 
allows long term operating 
loans to farmers for carry­
ing out conservation plans. 

The following is the extent 
or practical applications of' 
soil survey in the Virgin 
Islands :-

Problems 

Insufficient number of' agents on 
Station start. 

Recommendat~ 

Urge passage of' bill now before 
Congress to transfer Station 
trom Dept. of' Interior to 
U.S.D.A. This will automatical­
ly provide for increase in per­
sonnel and other advantages. 
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lRA.CTICES UNIT PIAN NED APPLIED TO DATE 

Contour farming acres 4,995 1,595 
Cover cropping n 5,750 59 
Stubble mulching n 5,072 1,189 
Pasture improvement n 18,866 7,515 
Pasture seeding n 15,801 4,207 
Yoodland uanagement n 4,726 1,007 
Tree planting n 662 3 
Farm ponds number 76 33 
Terraces miles 61 18 
Field diversions n 3 0 
Irrigation land preparation acres 54 19 
Improved ~ter apPlication n 45 13 
Crop rotation n 4,366 758 
Vater disposals n 3 3 
Kudzu n 16 5 



APPENDIX B 

SEMINAR DISCUSSIONS 

1. Soil Classification and Research in a Caribbean Land 
Improvement Programme · 

By Roy Y. Simonson 

In preplring for the seminar discussion, I first asked the ques­
tion: Y.bat are the needs for soil classification and research in a land im­
provement programme in the Caribbean region? It is much easier to ask that 
question than to answer it, especially for me. My own experience has been 
largely in the United States, though I have bad the opportunity to see 
soils and land utilization in Hawii and' other Pacific islands. A number 
of the soils and much of the agricultur8 resemble those of Puerto Rico. 
From my o'Wll experience in the Pacific, and from our experience in the soil 
survey of Puerto Rico, I have come to believe that the principles gained 
through the soil classification and research programmes in the United 
States may be carried succe~sfully to other regions, including caribbean 
lands. The emphasis within those programmes, perhaps the approaches fol­
lo"l."ed, and certainly some of the techniques employed will have to be oif­
ferent. Even so, it may be helpful for us to discuss objectives and neeos 
of soil classification and research, the scope or soil-classification~ pro­
grammes of soil napping and surveys, and research on the properties and be­
haviour of sons. Before I make my try, however, I do want to ask that 
each of you temper What I do say with the knowledge you have gained from 
your O'Wll much "Wider experience in the Caribbean region. 

Objectives and !Teeds of' Soil Classification and Research 

. The ultimate objectives of' soil science in agriculture and for­
estry are to prediot the yields of crops, grasses, and trees under oefined 
systems of management and the long-time effects of' use and management on 
the soU. Thus, our objectives are twofold. Furthermore, this statement 
is far more simple than the objective. A great oeal of effort is necessa­
ry, both in soil science and in related fields, before the objectives can 
be achieved, even in areas where investigations have been under way for a 
long time. The amount of work needed is even greater where the research 
facilities in the past have been limited and are still restricted. To a­
chieve the general objective, research must be carried on both in funda­
IQ.ental and applied phases of soil science. Furthermore, there must be a 
constant interchange of experience and information 9n the part of soil sci-
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Information is needed at many different levels of general~ ~tion. 
The degree of detail necessary in outlining undeveloped areas for prospec­
tive settlement or for zoning differs a great deal from that needed in the 
development of drainage or irrigation projects. The degree of detail nec­
essary in the latter type of project is much the same as that required for 
the giving of specific advice on use and management of soils within estab­
lished farms. The prime functions of classification and research are to 
provide means of organizing, evaluating and extending available data at 
whatever level necessary. These levels range from the most general to the 
most specific; they cover the whole range of public and private planning. 

Briefly, the necessary information about soils will be the kinds, 
characteristics, extent, distribution and behaviour in agriculture, forest­
ry and engineering. Fart of this information can be obtained from field 
surveys, and plrt of it must be collected from the experience of farmers, 
foresters, and engineers; from government programmes of various kinds; and 
from planned research. Recognizing all this, however, we still face the 
question of where to start a programme or where to expind a programme al­
ready under ,;ay. 

Scope of Soil Classification 

The soil is a natural body occurring on the land surface of the 
earth, having a unique morphology, and lying within the rooting zone of 
plants. This definition will be used throughout the paper, although I 
realize that the word "soil" has a number of meanings. In order to under­
stand the soil and its behaviour as 1'ully as possible, we must determine 
its characteristics or properties and correlate the behaviour of the soil 
under various sets of circumstances with those properties. Furthermore, 
these properties or characteristics must be considered collectively, both 
in classifying soils and in interpreting their behaviour. 

It is essential that a genetic thread or central concept of gene­
sis run through an entire scheme of classification in order that it show 
the relationships of soils in one place to those of another place. A uni• 
form classification which recognizes significant differences and similari­
ties is essential in order to permit the transfer of knowledge gained in 
one geographic area to the soils in another geographic area. Moreover, 
such a system of classification can only be constructed around the central 
concept of the profile and its development, within our present state of 
knowledge. This scheme, once perfected, promises to permit the transfer of 
information at various levels of generali~tion. • 
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The specific units recognized in soil clAssification in the United 
States are soil types and phases. The soil type is defined primarily in 
terms of the profile, whereas phases are more connnonl.y distinctions within 
types on the b:isis of external features, such as slope, degree of erosion 
or stoniness. The characteristics considered in the classification of 
soils into types and phasea includes both observable and inferred proper­
ties. The principil observable features are the number, thickness and ar­
rangements of horizons in a profile; the colour, structure, texture, con­
sistence and reaction of the indiviaual horizons; the contents of carbon­
ates and soluble salts in the soil; and the slope, stoniness, parent nate­
rial and underlying rock. The principal inferred properties considered are 
natural drainage, contents of organic mat~er, fertility levels and degree 
of erosion. 

SoU types and phases have limited ranges in their various charac­
teristics, and they occupy small segments of a land surface. In a sense, 
they are geographic bodies with well defined surfaces, less obvious perime­
ters, and l"8ther indefinite lower boundaries.. In other words, any given 
area of a soil type or phase is a three-dimensional entity. If we think of 
the world as a globe com~rable to an orange, each area of a soil type or 
phase is like a s~ll piece of the rfnd. Soil types and phases are intend­
ed to be specific enough to provid~ a framework for the organisation, eval­
uation, and extension of information on the use and management of soils 
within fields or comparable units in farms or forests. The objective is to 
define mapping units that are suff~cientl.y homogeneous for tha making of 
differential predictions based on e~rience and research. 

After the soil types and phases have been defined, they can ... be 
grouped in a number of ways. In the natural scheme of cl.assif~cation, they 
are grouped into series, families, great soil groups, suborders and orders, 
none of which is shown on detailed soU maps. Each of these groups neces­
sar~ encompasses an increasin~ greater number and wider range of genet­
ically related soils. These grou~ are intended primarily to show rela­
tionships in mo:rphology and genesis of soils, and thus aid in extending the 
sum total of our knowledge ill soU science. None of these groups is suit­
able for such specific uses as the application of information on soil use 
and management to individual fields. 

Technical groupings are a widely used device for integratmg cb.ta 
from soil surveys with other information to deal with problems in the use 
of soils for agriculture, forestry or engineering. In this discussion, a 
technical grouping is de.tinecJ' as a classification of soils, usually into a 
small number of classes, for a specific practical objective. Soils have 
been groupea into five classes according to use-suitability in soil surveys 
made :in the Tennessee Valley. Th~ is one example of a technical grouping. 
Another example is the widely used grouping 'Of soil types and phases ac­
cording to management requirements • This grouping is made genera~ in 
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current soil surveys in the United States. Because there is a larger num­
ber of classes in the management grouping than in the use-suitability 
grouping, each management class includes fewer soils, and these are more 
nearly alike than they are in each of the use-suitability classes. Many 
other technical groupings have been prepared, and still others will be pre­
pared in the future. 

Frogress in the development of soil classification rests, in 
part, upon the morphological studies made in soil surveys, in p9.rt upon the 
testing of concepts by their use in soil mapping, and in part upon investi­
gations of soil prorerties in the laboratory. All of these elements of a 
research programme to characterize soils more completely are interdependent, 
and also rely upon other segments of research programmes. In other words, 
there are reciprocal influences among all the segments of soil science. To 
cite but a single example, improved knowledge of soil characteristics calls 
attention to &ficiencies in our scheme of classification. Sim.ilarly, im­
provements in our classification will at times call attention to gaps in 
our knowledge of soil behaviour. Thus, progress in soil classification de­
pends not only upon the achievement in that one segment of soil science, 
but also upon advances 1n other segments of soil science and in science 
generally. 

Frot;ramme of Soil Surveys and Mapping 

The chief purpose of a soil mapping programme is to oetermine the 
nature, distribution and extent of different soils. It is also important 
in testing the classifications already developed, and in further developing 
the schemes and approaches. The maps must show geographical areas Ybich 
are homogeneous enough to permit the making of predictions about soil beha­
viour for the purpose at hand. Small areas must be outlined where a high 
degree of homogeneity is necessary, as, for example, when farm advisers 
make specific recommendations for fertiliser use and crop rotations for 
specific fields. Broad areas with much lower degrees of uniformity are 
suitable for blocking out lanes that might be consioered suitable for 
settlement in undeveloped regions. Consequently, inforne.tion abo~t the na­
ture, distribution and extent of soils is needed at a number of l~els of 
generalisation. The job in a programme of soil mapping is to meet the va­
rious needs as quickly and completely as is feasible. Five steps are, 
therefore, suggested in this section for a programme of soil mapping in un­
developed areas where little is no\1 knoYn about the soils. I might add 
that I believe one or more of the steps outlined will be applicable to most 
of the caribbean lands. 

1. First of all, a soil association map can be compiled from existing 
sources of information, which might include climatic oata, topographic 
and geologic maps and reports, V3getation maps and reports, aerial 
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Ji.otograpbs, notes by scientific travellers, and observations from re­
connaissance trips. This map would be a first approximation to- show 
soil regions, probably on a small Stale. The number of soil associa­
tions outlined on the map and the degree of homogeneity of each will 
be governed largely by the amount of information at hand. In some 
cases, the scale of the map upon which association areas are outlined 
becomes the limitine factor in the detail that can be shown. 

The several possible sources of information are not all of ~qual value. 
Information on climate, topography, geology and vegetation - especial­
ly in the form of reliable maps - will be very helpful 1n the plotting 
of boundaries of soil associations. Aerial photographs will also be 
e:xt"t"emely useful. Notes ntide by scientific travellers, other than 
soil scientists, will have limited usefulness, but can be used to some 
oegree in the absence of better information. By and large, reconnais­
sance trips by competent soil scientists will be especially helpful in 
obtaining reliable information. Such reconnaissance trips should be 
~oe wherever they are possible, either during original compilation of 
the ntip, or to check it in the early stages of preparation. 

Soil associations are areas or bodies of land with a characteristic 
and recurring pittern of soils. Thus, each association is uniform 
vith respect to soil pattern rather than vith respect to soil itself. 
For the most pirt, soils occur as small intermingleo areas of soil 
types ana phases, usually unlike one another to some degree. In many 
vays, soil associations are like plant associations. Under natural 
conditions, certain plants grow together in an area. In the same vay, 
certain soils characteristically occur together,ano the area in which 
they co occur in a characteristic p1ttern is a soil association. Both 
soil ano plant associations are thus geographic units useful in pro­
viding a picture of an area or region. 

The oegree of uniformity of pattern may differ greatly from one soil 
association map to another, depending mainly upon the scale of the 
map. The oegree of uniformity of pattern or the elements common to 
all areas of a soil association may be many or they tJ.ay be few. On 
the map of a large country, the degree of uniformity within each soil 
association is commonly lev if some 25 or 30 areas are outlined. On 
the other hand, the degree of uniformity in each association is rela­
tively high in a map showing 25 or 50 associations in a county cover­
ing 1,000 square kilometers. Thus, the size of the total area to be 
shown at a given scale largely fixes the degree of detail possible ln 
delineating soil associations. 

2. Detailed soil surveys should then be made of carefully selected sample 
areas of the major associations outlineo in the mapping programme. 
These might cover anywhere from 1 to 50 square miles. In each asso­
ciation of importance, the size and number of the sample areas will 
oepeno upon the variability in soil pattern in the area. During the 
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course of these detailed surveys, the classification of the soils into 
types and phases should be developed. Concurrent]J' with the mapping 
of the sample areas, investigations should be carri~d on so far as 
feasible to determine the properties of soils and their behaviour in 
agriculture, forestry and engineering. For convenience, however, 
studies of morphological, chemical and physical properties are con­
sidered in a later section of the seminar discussion. 

5, As the soil surveys of sample areas are completed, keys tn sh~w the 
relationships among soils and groupings of various sor~s should be 
prepsred. A number of different kinds of groupings is possible, de­
pending upon the purpose at hand. For example, soils can be grouped 
into series, families, and great soil groups, in order to show their 
genetic relationships. Soil types may be arranged in keys to show 
relationships in terms of drainage and parent materials. They may be 
grouped according to their suitability for the growing of a crop or 
combination of crops. For any given area, keys should be prepared to 
facilitate identification of the soil types and phases recognised in 
the survey. Groupings should also be prepared as an aid to users of 
the info~tion in agriculture or forestry. This step must go beyond 
the limits of soil science alone and draw upon data from fields such 
as agronoiey, horticulture and forestr,y. Thus, this becomes an inter­
pretive step based, in part, upon the soil survey and, in part, upon 
other sources, 

4. After the sample areas have been mapped, the second approximation of 
the soil association map can be prepared. The boundaries as first 
outlined can be refined in many instances, and the associations :them­
selves can be defined much more clearly. Data from sample areas will 
permit far more specific descriptions as to patterns and percentages 
of soil types and phases within each association. 

The second approximation of the soil association map can be used as 
one part of the basis for public planning in the use of land. It will 
be helpful in such planning as is required in rmel zoning, for the 
guidance of land settlement, and in the search for' possible sites for 
irrigation and drainage projects, 

5. After the revised soil association map is available, the soU surveys 
should be extended over the whole region as rapidly as, the knowledge 
of the soils and the available ftmds will permit. It will probably be 
true, without exception, that available funds will not, permit the map­
ping of soils of an entire cotmtry or district within a short space of 
time. Moreover, it will certainly be true, without exception, that 
the adequacy of surveys depends at all times upon the results of other 
types of research, research that may no.t be completed for a number ot 



140 

:.-ears. The fir::;t i:etnilec soil surveys are comrwnly mere ucc ~"vl in 
pointinc out nojor research problems than in solvinc thoce rd:cblem~l. 
They 'Hill have irrportnnt usefulness in a lnnc improver<J.eni. prof r--T1.'7le, 
to be Etrre, tut they will also be found j~ncle~ucte for a ntmLer of 
purposes in the future as a prcrrornr,lc of soil rc~e,rcl-: f:Oes for\.'arc. 
Consequently, it l-roule not be c'esirable to cutline a procranme for the 
complete mappinf' of a country or t'istrict '1-Jitbin a fcH yeors, even 
thourh runes nurht be obtainable. dreas for soil surveys should be 
~elected on the basjs of ne€e and interest. As these ourveys are 
made, it is of extre~e jmrortance that investirations to oetermine the 
chcracteristics ane behDviour of the soils a,·:Jompany the ttlPIJing pro­
rramme. Research on the prcpert~e~ anc responses of soils to manare~ 
ment shculc ro forunrd at tho sane t:l"'!e as c"o the rra(roru>~cs of ['oil 
classii'icntion o.ne nPfping. 

On the basis of reports prepared by the various rovernments for 
this ccnfer€nce, it seems clear that the present knowledge of soils ranres 
from fairly complete information in some areas to very sketchy information 
in others. Ccnsequently, all the steps outlined in the precec~ing--paragraphs 
will pro't:ably be apropos in only a feu rlaces. In most instances, however, 
the present stare in the soil mwinr prorramne 1-1ill rap some1-rhere within 
the range of tl:.e outlined stepe. Hence, the mewing profl'amme uncer vay 
can be viewee in te~~ of the su~re~tions offeree to see whether or not 
they promise to be helpful. 

The ciscu~sion o; tr.e roce.'rc!' ncc{eC to characterise ane defme 
soils is separated from these of classification and mappinf simply as a 
wtte:t, of CO:f1Venience. Too rntch empha::is cannot be given to the need for 
coneucting the li=fcrcnt se~ent~ concurrcntl:• as fully as rossible, so 
that each n3y hnve the tere~it of ~crre~s in the othcro. 

A pert cf ttc jco of iefinjng an{ characte~isinr ~oils is carried 
on i.~ conjunction ui th m_J pping. Studies of r'lorrnolocr require field llork 1 
ano this can orl:inarily i::.e cone be:'lt \'hile the field scientists are carrying 
on their mapping operations, Cccasionally, it ~s feasible to have specially 
trained scientists stucy soil norpholof,'Y 1 bnt as a reneral rule most of the 
field men must also be morpholorists. It is of the first importance in 
studies of soil morphology that the notes taken by the investiEBtors be ~e­
ferred to- a stanea:r:-o nql'lenclature. If that is done, the observations are 
more easily tmc'lerstooe by other investi{;(ltors, and there is more effective 
tr~nsfer of info~tion, Consieerable pro(re~s in stanaardisation of nomen­
clature for colour, ftructure, consistence, anc the lllce hns been mcae in 
the United States ituring the p1st ten yec-rs, Some of the vork ~y have ap­
plication else~ere. v:hatever stancarcs m~y be selectee for reo~phological 
cescriptions of soils, ho\olever, cone set of st:lnCa.rcs that is eenerully 



SOIL ClASSIFICATION AND RESFARCH IN A CA-RIBBEAN lAND 
IHIROVEMENT FROGR~ . 

141 

available should be used, so that other investigators will not have to de­
pend simply upon the ordinary meanings of \-lords. Those meanings are seldom 
specific enough for accurate description. Along with the field notes on 
morpholoey, it is also extremely helpful to obtain good photographs of soil 
profiles wherever that may be feasible. 

Some of the characteristics important to the classification and 
behaviour of soil must be measured or evaluated by means of instruments. 
In some instances, it is possible to bring the instruments out of doors and 
make evaluations in the field. For the most part, however, it is necessary 
that samples of soils be carried to the laborato~ for the making of neces­
sary analyses. Regardless of the kinds of determinations to be made, it is 
essential to conduct laboratory investigations to supplement those possible 
in the field. As a rough guide to a possible order of na.gnitude of such 
investigations, I might mention the fact that our plans call for expendi­
ture of about one-fifth of the available funds on laboratory work in the 
soil survey programme of the Missouri River Basin. 

The required laboratory determinations will vary from one place to 
anothe~ with the nature of the soil. Nevertheless, it is useful to have 
certain background information about important soil types representing 
great soil groups or families. Information of this kind should be obtained 
for carefully selecte~ samples from which it could be projected to other 
similar soils. The laboratory investigations falling in this class would 
be determinations of chemical composition and mineralogical composition, 
mechanical analyses, base exchange relations, and the nature of the soil 
population. Determinations of chemical composition would include amounts 
and forms of organic matter and nitrogen, amounts and forms of phosphorus, 
amounts and forms of potassium, and the quantities of other elements ordi­
narily estimated through fusion analyses. Similarly, it will commonly be 
useful to have information on representative soils to give the approximate 
mineralogical composition of the sand, silt, and clay fractions, especial­
ly the last. The nature of the clay minerals has considerable significance 
to many other soil properties and is extremely useful information. Most of 
these analyses, however, cannot be conducted generally as a routine part of 
soil surveys. Some of the determinations, e.g., mechanical analyses, base 
exchange relations, and reaction, can be made for large numbers of samples. 

The significance of data will depend upon the kinds of soils. 
1Toperties significant for some soils are not necessarily significant for 
others. For example, Chernozems are much less strongly weathered than Red­
Yellow Podzolic soils in the United States. Changes that have occurred in 
mineralogical composition during horizon differentiation are minor as com­
p~red with those in Red-Yellow Podzolic soils. For that reason, proper­
ties selected for study in the laboratory are somewhat different for the 
two groups of soils. 
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A knowledge ~f the characteristics of soil is just as important 
in understanding their behaviour as it is to their proper classification 
and mapping. For example, I have seen liming materials used on soils that 
are neutral to slightly alkaline in reaction and that have high base status 
without exception. Knowing that about the characteristics of the soils, I 
am certain that the liming material is not going to be helpful, and that it 
may even be harmful. As another example of the importance of the knowledge 
of soil•characteristics to the understanding of soil behaviour, I might 
mention the fact that Ye knew for some time that alfalfa seedlingn could be 
established without lime on certain soils in western Iowa, but not on mor­
phologically similar soils in eastern Iowa. Ultimately, we learned of 
slight differences in base saturation. Evidently, the critical level in 
base saturation fell between the values for the two soils. These examples 
illustrate the usefulness of a knowledge of soi~ characteristics in under­
standing soil behaviour under crops, grasses or trees. 

I should emphasise the fact that I do not know the properties or 
characteristics that should be selected for complete character~~tion of 
soils in Caribbean lands. I do feel ceftain that the same ones cannot be 
used for all soils in the region. Although I think that some of the prop­
erties important in characterising soils of the United States will also be 
significant here, I should certainly expect that additional properties 
might have meaning, and that some imrortant to some or the soils in our 
country will have little significance. By and large, the selection of lab· 
oratory analyses for soil studies and the subsequent interpretation of the 
data will be just as good as and no better than the general background of 

,understanding of the scientists responsible for them. Furthermore, the 
theories of soil genesis held by 'soil scientists largely outline the areas 
within which their minds work. Thus, the background in soil science and 
theories of genesis will largely govern the selection or analyses to be 
made, and will also predetermine their usefulness. 

The facilities for research on soil characteristics may often be 
a limiting factor in the conduct of inv~stigations in the caribbean region. 
Consequently, it will seldom be possible to make all types of determina­
tions that might be useful. It might even be impossible to make some of 
the determinations which could be ex~cted to be highly significant. 
Hence, it may generally be necessary for the scientist to settle for some­
thing much less than ideal. Perhaps it would be useful to set down the 
kinds of investigations that would be de~irable as if they were all pos­
sible. Next, the kinds of information could be ra~ed according to compar­
ative importance in the classification of soils and in understanding soil 
behaviour. Finally, then, the research on soil characteristics should be 
directed~owards collection of data that seem to be of first importance in 
the area, and which can be obtained Yith the available resources in equip­
ment, funds and personnel. 
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OUr primary interest in soils is due to their capacity to produce 
plants that we can use in one way or another. Thus, a large part of the 
research is ultimately directed towards understanding the behaviour of the 
soils in agriculture and forestry. The behaviour of soils in engineering 
is also important to us, but less so in a land improvement programme. De­
termining the behaviour of the soils in agriculture and forestry requires 
research in soil management and on soil productivity. As indicated earlier, 
this will call for the cooperation of scientists from several fields before 
the significant questions can be answered properly. What is the response to 
management of the soils as they are classified and mipped? 'What data are 
needed for the making of sound predictions of yields and quality of plants 
and of the effects of use of the soils on their characteristics? As a 
matter of convenience, research to answer these and similar questions is 
generally broken do~ into a number of segments. 

Studies in soil management will need to deal with fertiliser, 
fertility levels, fertility improvement and fertility maintenance; with the 
management of organic matter in soil; with water relations in plant growth, 
drainage, irrigation and run off; with tillage practices; and with some 
elements of silviculture. Part of these investigations are traditionally 
handled by soil scientists in the United States, others are hancled cooper­
atively by soil scientist~ ana other investicators, and still others are 
l1Pnoled by other groups of workers, such as foresters. However the work 
may be cone, tho greatest accomplishments will be possible through the co­
operation of men from the several disciplines. 

Close cooperation among soil scientists and foresters promises to 
have special sicnificance in the Cari'Lbean region. Much of the land is in 
forest now. Furthermore, the use of rotations in which trees are a part 
seems necessary for optimum production on a number of soils in tropical re­
gions. How many and which soils is not yet known. Moreover, the research 
work necessary to investigate various types of rotations, including trees, 
is certain to be difficult because of the time and cost required. It is, 
therefore, especially important that investications made have maximum use­
fulness. 

It seems clear that techniques for research on tillage, fertili­
sation, crop rotations, and the like cannot be carried over airectly from 
the tenperate to the tropical and subtropical zones. As one eA~mple, we 
might cite the known beneficial effect of grasses and legumes on structure 
and tilth of Gray-Brown Podzolic soils. We might reason that similar ef­
fects could be expected on the tatosols and related soils in the tropics. 
Yet the reverse seems to be true. It appears that tatosols should not be 
put in grass or allovred to eo to grass if that can be avoided. The soils 
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need tube kept in forest and under shade insofar as is feasible. Thus, 
methods which may be very good in cool and warm temperate zones may not be 
applicable in the Caribbean region. 

In the soil surveys made in the United States at the present 
time, estimates of yieles of crops are prepared for the different soil 
types and phases at two or more levels of management. Management must be 
defined in terms of use and such practices as fertilisation, crop rota­
tions, and the like. These estimates of yields provide a summation of soil 
behaviour in agriculture or forestry with a single figure. They are pre­
dictions as to what a soil will produce under a defined set of circum­
stances. The making of predictions requires syntheses of knowledge from a 
number of different sources, and often requires some research over and 
above that which has been conpleted. Some of this research can be carried 
out in conjunction with soil survey field work. Some of it also is accom­
plished in the course of other types of research in soil management. 
Nevertheless, it is commonly necessary to eive special attention to the de­
termination of management levels and the productivity of different soils in 
any research programme. Knowledge of the productive capacity of soil under 
defined levels of management will be of the first importance in a general 
scheme for land improvement in the caribbean region. 

Proper Balance in Soil Classification and Research 

To complete my seminar discussion, I should like to emphasise the 
importance of maintaining proper balance among the various segments of a 
programme of soil investigations. This is much easier said than done. 
There are no easy rules for achieving proper balance. Furthermore, the 
proper balance at one time and place may not be proper at another. 

The several segments of a prob,ramme for soil classification and 
research should go forward so that each will support and supplement the 
others. There is little point in an extensive programme of soil surveys 
and mapping if we are unable to classify the soils on a sound basis. It is 
true, however, that part of the information on which classification can be 
based is obtained through programmes of field mapping. There is little 
point in a large programme of soil surveys without the research necessary 
to determine the response of the various soils to possible kinds of use and 
management. Yhen the investigations are completed, and at the different 
stages toward completion, we want to be able to make predictions about the 
soils, their respon~es to management, their suitability for different uses, 
their probable behaviour under such use. These requirements, part of the 
ultimate objectives of soil science in agriculture and forestry, must be 
kept in mind at all times by the men who plan the progra.nnn.es of soil classi­
fication and research. 

To a large degree, the achievement of proper balance in soil re-
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search progrannnes, as in other lines of work, will rest upon the insight 
and understanding of the people responsible for them. Nevertheless, the 
need for proper balance among the various segments of a research programme, 
including all fundamental and applied investigatiC>r4'l, is so great that it 
can scarcely be overemphasised. ' 
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2. Land Classification in a Caribbean Land Improvement 
.Programme 

By R .D. Hockensmith· 

An understanding of the land is a basic factor in formulating and 
carrying out a complete land improvement programme in the caribbean Area. 
Before specif;i.c plans for developing, improving and protecting the land re­
sources can be intelligently worked out, basic information of a scientific 
nature must be obtained, classified and interpreted. 

This task may for convenience be looked upon as consisting of 
three activities, as follows : 

(1) Soil surveys 
(2) Land-~apability surveys and classification 
(5) Economic land use classification 

MY remarks will deal primarily with item (2) on land-capability 
surveys and the classification of land according to its capability. The 
first and third items are to be discussed by other speakers. 

In the land-capability classification many land characteristics 
in addition to the soil are considered. Some of these additional charac­
teristics are slope, erosion, overflow ha~rd, stoniness, drainage, salini­
ty and climate4 In classifying the land,.each land characteristic is con­
sidered in relation to others. 

- Before land can be classified, the facts about land must be ob­
tained in the field. This is done by skilled soil scientists. Here is the 
usual procedure a soil scientist follows : ' 

He walks over the ground and observes the lay of the land. He 
bores or digs numerous holes deep enough to examine the topsoil and subsoil. 
Wherever necessary, he bores deepe~ to see what is under the subsoil. He 
observes texture, colour aild thickness of the topsoil, nature and thickness 
of the subsoil, depth of useful soil material, and other characteristics. 
He estimates the permeability of subsoil and substratum, capacity to hold 
available moisture, and often the inherent fertility. He measures or esti­
mates the soil reaction if differences occur in the area where he is work­
ing. He notes,insofar as he can, the presence of salt accumulations, degree 
of wetness, ~nd existence of overflow hazards. He measures the steepness 
of slope. He observes the degree of soil erosion. He notes also whether 
the land ;is used for crops, pasture or woodland. He records these and any 
other significant land facts on a base map, which is usually an aerial 
photograph of sufficiently large scale to show clearly tbe significant land 
separations. 

148 
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The land characteristics most often mapped in the land-capability 
surveys are listed in the Guide for Soil Conservation Surveys, processed by 
the Soil Conservation Service, u.s. Department of Agriculture, May, 1948. 

Land is Classified 

A land-capability classification is the work of a group of spe­
cialists. A ~n trained in soil science maps the land facts as has just 
been described. The same man or another determines significant features of 
the vegetation. The combined judgment of several persons, including agron­
omists, engineers, foresters, range men, biologists, soil scientists, and 
soil conservationists who are experienced in farm or ranch conservation 
planning, is utilised in the process of classifying land according to its 
capability. These specialists consult with practical farmers or ranchers 
and study the results of experimental work. They consider the climate of 
the area. The resulting land-capability classification represents the com­
bined opinions obtained. It is an interpretation of available facts, espe­
cially of the ~y land characteristics affect physical capability of the 
land for cultivation, grazing, forestry and wildlife. 

As a rule, the same technical people with the help of practical 
farmers also work out recommendations about (1) How each kind of land may 
be used safely; and (2) the practices needed on each kind of land to main­
tain and improve it uncer the common safe uses. 

Both the classification and the recommendations are made by join­
ing land facts with research findings, technical information, and practical 
farm facts for convenient use. The purpose in \!riting the recommendations 
(technical guide) is to set down in convenient form the right combination 
of uses and practices that suits best each particular kind of land. The 
technical ruide is an aid in making full use of the land's productive ca­
pacity 1Jithout w.ste or impairment. 

The Classification Scheme 

The group that is to classify land capability can begin work soon 
after the soil scientist has mapped enough land to know the principal soils, 
slopes, and other physical land conditions. One necessary step is to group 
the lane-mapping units into lane-capability units. 

Each land-capability unit consists of the land within specified 
limits of soil, slope, degree of erosion, and other physical land charac­
teristics. Land in a land-capability unit is essentially uniform with 
respect to physical features, including climate, which affect the crops or 
other plants that can be grown, and the responses of crops or other vegeta­
tion to management. All the land in a land-capability unit has about the 
same susceptibility to wind or water erosion under the same kind of cover. 
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Essentially similar cropping systems or other land-management systems are 
applicable throughout the unit. Land-capability units are the physical 
land-treatment units as far as permanent, mappable land features are con­
cerned. Each one has nearly uniform use possibilities and conservation 
needs. A land-capibility unit may consist of a single land-mapping unit or 
of several. 

Land-capability units are the units of land-capability classifi­
cation. They are grouped in successively broader categories ~here such 
grouping serves a useful purpose: first, into land-capability subclasses, 
each of which includes land having about the same kind and degree of perma­
nent limitations; then into the eight land-capability classes, according to 
the degree of permanent limitations; and, finally, into the two major divi­
sions, which are land suited for cultivation and land not suited for culti­
vation. The resulting classification is helpful in selecting land uses that 
are safe from the conservation standpoint and adaptable to the land; in se­
lecting and applying an effective combination of soil conservation practices; 
and in making all necessary land-management decisions. 

A farmer or rancher is concerned primarily with the land-capabil­
it7 units that make up his land. They are the practical land-management 
groups determined b.1 permanent physical land characteristics. He is usual­
ly interested also in the eight land-capability classes. They are espe­
cially useful to show quickly the safe land uses and the approximate degree 
of difficulty .involved in safe manaeement. Subclasses, which are interme­
oiate groupings between the eight classes and the specific units, are some­
times useful to show in a general way the suitable land use and the kino of 
management and conservation needed. A person concerned with the entire 
scheme for classifying land will want to examine all the categories in the 
classification scheme. Probably we can see the Yhole scheme easily if we 
look first at the most general caterory. The most general step in the 
classification is a separation of land suited for cultivation (from a phys­
ical standpoint) from that not suited. 

Suitability for Cultiva~ 

Cultivation is used broadly throughout this paper to include all 
culture that involves tillaee of the soil every year or, in the case of 
certain crops, every two or three years. The distinction betYeen land 
suited and land not suited for cultivation, Yhich is required as the most 
general step in the classification, requires certain assumptions. These 
assumptions also apply in the sep.ration of land according to degree of 
suitability for cultivation, grazing or forestry in the eight land-capabil­
ity classes. The principal assumptions in this connection are: 

1. Suitability for cultivation includes suitability for use of machinery 
that is common in a given country or territory for such operations as 
t~llage and harvesting. 
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2. Suitability for cultivation, grazing or forestry is judged in relation 
to safe use of land; that is, to management that permits use of the 
land without significant permanent damage. 

3. Suitability for cultivation, grazing or forestry includes an expected 
return greater than the labour, materials and other inputs needed for 
such use. Although the returns cannot be evaluated for this purpose 
in strictly quantitative terms, the expected level as a rule is cor­
related with one or more of the mappable land characteristics that are 
used directly in differentiating land-capability units. 

4. Characteristics that make land difficult to manage, such as heavy 
texture, are significant in the land-capability classification, as 
well as those that affect land permanence. 

The classification made under these assumptions and according to 
the principles stated in this paper is one that applies in a practical yay 
to the land-use situation in the United States in the middle of the twenti­
eth century. In another country or terri tory at the same time, or in the 
United States at some future time, different assumptions might be required 
to give a classification that is practical and workable. 

Land suited for cultivation from a physical standpoint under 
these assumptions is workable, not too steep, not too wet, and not too se­
verely limited by cl~ te or other factors • Wherever the limitation of an 
arid climate is removed by irrigation, however, the land is classified ac­
cording to its suitability for cultivation, grazing'or forestry as deter­
mined by the factors other than climate. Limiting values of the different 
factors cannot be set up uniformly from place to place because the signi­
ficant relation,is that of the combined physical land factors to safe, long­
time land use. In some places, for example, a slope of ten per cent is too 
steep for cultivation. Elsewhere, in a different environment, slopes or 
twenty per cent or more can be cultivated safely. 

Any one or more of the physical land factors, including climate, 
can limit land so much that it is not suited for cultivation. In classify­
ing land capability, two questions are considered. One is the degree to 
which the risks of water erosion, wind erosion, or other land damage limit 
the chances of safe, lcne-time land use. The other is the limitation of 
practicable land use by such factors as climatic hazards not correctible by 
irrigation, soil limitations of tight subsoil or shallow depth, stoniness 
that interferes with cultivation, or other inherent, permanent limitations 
of the land. 

Most of the land not suited for cultivation under these specifi­
cations is suited for and will produce some form of permanent vegetation. 
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Eight Land-capability Classes 

In the second highest category of the classification, each of the 
two major subdivisions contains four land-capability classes. These eight 
land-capability classes give a simple land classification that is useful 
for many purposes. The eight classes, however, are too general for nany 
specific recommendations about management and treatment of land. The eight 
classes are distinguished from each other according to the degree of inher­
ent, permanent limitations or risks involved in land use. Land in each 
class is distinguished by a particular set of physical characteristics. 
Limits of the eight classes are determined by the degree to which the land 
characteristics are limitations to land use or land pernanence. Land-capa­
bility classes are show by standard colours on farm maps and in publica­
tions. 

Subclasses and Units 

Subclasses are convenient groupings of the land-capability units 
within one land-capability class. l land-capability class is determined by 
the degree of the total limitations in land use and risks or hazards to 
land -pernanence. 'Within one land-capability class the subclasses are de­
termined by the ~ of limitation. For example, within class III land, 
suited for cultivation but subject to severe limitations or hazards, we 
have sloping land subject to water erosion, naturally wet land that pro­
duces crops only if drains are maintained, and several other subclasses. 
Each of these is class III land, subject to a different kind of limitation. 

On nnny small areas, such as a single farm, the subclass category 
need not be used. The soil conservationist working with a farmer generally 
prefers to designate the land-capability units, and the land-capability 
class to which each unit belongs. Thus the land operator sees directly the 
land characteristics and their meaning in terms of land limitations. When­
ev~r the area considered is eiverse enough to take in two or more kinds of 
limitations within one lane-capability class, an arrangement by subclasses 
is helpful for many purposes. Subclasses are useful, for example, in esti­
mating quantities of conservation practices neeeedo ~he conservation needs 
of class III flat~ artificially drained land are very eifferent from those 
of moderately sloping class III land subject to water erosion. Subclasses 
are generally more useful in eealing with land information over a broad, 
eiverse area than in dealing with a single farm or a small area. 

An outline of the entire scheme of classification is given in 
Table I. 

The classification is one of lane-capability in a broad sense. 
The objects classifiee are lane-capability units, which are eefinee as es­
sentially uniform in permanent physical characteristics. The physical 
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characteristics of a land-caplbility unit include kind of soil, slope, de­
gree of erosion, climax vegetation, oli~te, and any other characteristics 
that are associated with hazards to crops or land, such as periodic over­
flows. If all are favourable, and none acts to limit land use or endanger 
land permanence, the land has broad capability. One or more limiting fac­
tors, such as slope, sha.llo\1 soil, Vletness or subhumid climate, makes the 
land less capable for all-around use. 

Land-capability Classes 

The eight land-capability classes are the members of the second 
most general caterory in the classification scheme. These classes of land 
differ from each other because of their permanent physical land features 
that limit land use or impose risks o~erosion or other damage. 

The classes range from class I to class VIII, inclusive. Class I 
contains the most widely adaptable land, which can be farmed easily. The 
other classes through class VIII are characterized by successively greater 
degrees of permanent limitations. 

Land suited for cultivation 

CLASS I. Land subject to no or ver:y slicht permanent limitations 
in use or risks of oemag6 because of pernanent land characteristics; ver:y 
good land that can be cultivated safely l.rith ordinary, good farming methods. 
It is nearly level land w~th deep, productive, easily worked soils, and is 
not subject to more than slifht water or wind erosion. It is well drained 
and is not subject to camaging overflo\~S. Cla~s I land is productive crop­
land that is suited for intensive cropping use, such ~s production of corn 
and other intertilled crops. 

Class I land used for crops, like all cropland, needs practices 
to maintain soil fertility and soil structure. Such practices often in­
volve use of fertilisers and lime, cover and green-manure crops, crop resi­
dues, and crop rotations. 

CIASS II. Land subject to Mocerote limitations in use, or moder­
ate risks of eamaEe, because of permanent land characteristics~ good land 
that can be cultivated with eas)J a lied s ecial ractices. The limita­
tions of different kinds of class II land include: 1 gentle slopes; (2) 
moderate susceptibility to erosion; (5) soils of only moderate depth; (4) 
sonewhat unfavourable texture and \o7orka.bility; (5) moderate alkalinity or 
salinity, easily correctible but likely to recur; (6) occasional moderate 
overflows; or (7) moderate wetness correctible by drainage but existing 
permanently as a land limitation. These are examples; the list probably is 
not complete. Each of these limitations requires attention on the part of 
the land operator. The limitation sometimes gives the farmer less latitude 
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in choice of crops or of management methods; or requires special practices 
such as soil-conserving rotations, ~ater-control devices, or tillage me­
thods, to name only a fe~ of the many possibilities. 

Land subject to permanent limitations or risks of damage ordinar~ 
1y needs a combination of practices. For example, the class II land that 
consists of gently sloping deep soilssubject to moderate erosion probably 
needs several of the follo~ing practices: terracing, strip cropping, con­
tour tillafe, crop rotations that include grasses or legumes, vecetated 
Vclter-disposal areas, cover or green-manure crops, stubble mulching, fer­
tilisers, manure and lime. The exact combination of measures will vary 
from place to place. It depends on the characteristics of the land, in­
cluding the climate; and also on the system of farming that the farmer 
-wants to follo~. 

CLASS III. Land subject to severe 11mitations in use for crop­
land, or severe risks of damage, because of permanent land characteristics; 
moderately good land that can be used reenlarly for crops in a good rota= 
tion but neecs intensive treatment. Limitations of different kinGs of 
class III land include the follo~ing (the list probably-is not complete): 
(1) moderately steep slope; (2) high susceptibility to erosion; (5) moder­
ate overflow hazard; (4) slow or very slou subsoil permeability; (5) ex­
cessive wetness and a continuing hazard of water-logging; (6) shallovr cepth 
to bedrock, harcpan or claypan; (7) sandy, very sandy, or gravelly soil 
with low moisture capacity; or (8) lovr inherent fertility. The foregoing 
list is one of general indicators, not specifi~ guices. Land-capability 
significance of the factors listed varies some~hat accoreing to cliMate and 
other influences. · 

Class III land is more limited by its permAnent natural charac­
teristics, or is subject to greater risks, than class II land. Limitations 
of some class III land restrict the choice of crops or the timing of such 
operations as planting and tillae;e. · 

CIASS 1V.- Land subject to very severe permanent limitations or 
hazards in use for cropland; fairly good land that is best maintained in 
perennial vegetation but can be cultivated occasionally or in a limited ~Y 
if handled ~ith great care. Its cropping use is limited by natural perma­
nent features, such as slope, erosion, unfavourable soil characteristics, 
or adverse climate. Much class IV land in the humid regions is suited for 
occasional cultivation. On it the farmer can safely use a long rotation of 
a grain crop every 5 or 6 years, followed by several years of hay or pas­
ture. Some of the nearly level, imperfectly drained land classified as IV 
is not subject to erosion, but is unsuitable for intertilled crops because 
of the time required for the soil to dry out in the spring, and because of 
its low productivity when in these crops. Choice of crops is often limited 
also. S~me class IV land is suited only for certain specialized crops. 
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Land not suited for cultivation 

ClASS V. Land not suited for cultivation but suited for permanent 
vegetation, grazing or forestry, with few or no permanent limitations and 
not more than slight hazarde. Cultivation is not feasible because of one or 
more factors, such as permanent wetness, stones, or some other limitation. 
The land is nearly level and not subject to wind or water erosion. Grazing 
use or forestry use is governed by the requirements for maintaining good 
veretation. Certain range-management or woodland-management practices, 
such as stocking within carrying capacity and control of burning, are al­
ways needed to obtain satisfactory production. Class V land on which vege­
tation bas become temporarily depleted through misuse may require moderate 
or even severe restrictions in grazing or woodland use for a period of time 
to improve the vegetation. The land, however, is not damaced easily. 

CLASS VI. Land subject to moderate p~rmanent limitations or mgd­
erate ll.~~t..d~ mder uaz~~~:tJ:Z.J!~J...!':.o~JMU..9.!..S!lltivation. 
It is too steep, subject to erosion, shallow, wet, or dry, or it is other­
wise not suit~~ for cultivation, but with careful ~nagement is suited for 
grazing or forestry. Some class VI land can be tilled just enough to es­
tablish pastures; some can be used safely for tree crops if permanent cover 
is maintained. The restrictions commonly needed on class VI range land to 
maintain the soil are chiefly regulation of grazing within the carrying ca­
pacity, deferred grazing to permit growth of grass in the spring, and rota­
tion of grazing to permit the grass to recover and form seed. Fencing, 
careful location of watering places, salting and herding are some of the 
practices neces~ary to use the land properly. Gullies should be controlled 
by diversion of water, planting, or llhatever measures are necessary. Con­
tour furrows, ridges, diversions, or water spreaders are useful on some 
sites to check or civert \18ter and thereby increase the growth of grass. 

Land of Class VI is capable of producing forage or woodland prod­
ucts under moderate restrictions. If, however,·the vegetation has been de­
pleted by mismanagement, severe restrictions in use for a few years probably 
are needed to permit recovery of ver.etation. An example of such temporary 
severe restrictions would be exclusion of livestock from overgrazed class VI 
~enre land until the desir~blo vereta.tion is tPstcred. 

Cla~s VI hnd as a rule is either steeper or ooro eubject to vind 
erosion than class IV land. It must not be too severely eroded, however, to 
rr-=vent safe use with modE>rate restrictions for rrazine or uoodla.nd. 

Fastures in b6mid regions on class VI land gene~ally need liberal 
fertili~a.tion and careful regulation of cra.zinc, and MRny of th9I:1 need liM­
ing and reaeedinr,. 

~_m. Land subject to severe pe'I"lll4nent l irdtations or severe 
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hazards under grazing or forestry use; not suited for cultivation. It is 
very steep, eroded, rough, shallow, dr,y, or s~mp,r, or it is otherwise lim­
ited, but can be used for grazing or forestry if handled with great care. 
OWing to these adverse land characteristics that severely limit the growth 
or utnisation of vegetation, the land is generally fair or poor for grazing 
or forestry. Depletion of cover on rough, erodible class VII land leads to 
more rapid damage than on class VI land that has similar but less extreme 
limitations. Structures such as contour furrows, ridges, and water 
spreaders for the most part cannot be used on class VII range land because 
of steep slopes, shallow soils, or other unfavourable factors. 

Most class VII land in humid regions is recommended for woodland 
rather than for pasture. Practices recommended for woodland usually in­
clude exclusion of livestock, prevention of fire, selection of trees for 
cutting, and careful harvesting methods. Most of the severely gullied land 
in humid areas is class VII land that should be planted to trees. 

CUSS VIII. Land that has some limitation that makes it unfit 
for cultivation, grazine or forestrr. It is suited for wildlife, recrea­
tion, or watershed uses. It includes such areas as marshes, deserts, bad­
lanes, deep gullies of the caving type, high mountain land, barren land, 
and extremely steep or stony land. Class VIII land often occurs in small 
areas, such as roadsides or ditch banks, that cannot be sho'Wtl on the maps 
made for farm planning. Protection is necessary for some of these areas. 

Permanent Land Limitations 

Land factors used in the land-capability classification are those 
which limit land use or impose risks of erosion or other damage. Only 
permanent land features affect the classification. Slope, for ex.tmple, is 
one factor that llm.its safe land use. Arid climate is another. Soil limi­
tations, such as textures too fine or too coarse, or a shallow depth of 
useful soil material, are other examples. Temporary features, such as 

-present vegetation, do not affect the land-capability classification. Land 
in any one of the classes suited for cultivation may be covered at present 
with trees, stumps, or brush, or may be without cover. The soil may be de­
pleted or in poor structural condition. Temporary limitations, of course, 
are of extreme importance in making immediate lane-management decisions, 
althoufb they do not affect the land-capability classification. 

Restrictions in rrazinf use are often menti~ned in management of 
ranges and pastures. Temporary restrictions in number of livestock in order 
to i~prove condition of veretation are not cor.~icered in the l~~c-cepabiJjty 
cl9~sification. Aft~r a rermanrnt ran~P h~ .. bePn bro,,e:ht to excellent con­
diticn, holt'ever, the !'"'Strirtions needed to keep it there l-'oulcl be con­
side~cd in the classificatjcn. 
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Use of Le.ndaCai!bility Mapa 

The farmer has in his land-capability map a written record of the 
land conditions on his farm. Vith a knowledge of land conditions and land 
capability, he has information to help him make production adjustments. 
His ver,y good, nearlY level land can be used most often tor crops. His 
steeper, more erodible, or other less desirable land can be used for ha7, 
pasture, shrubs or trees. Often class III land that is moderately steep 
and subject to erosion will give better returns from grasses or legumes 
than from annual crops • 

CaJtibility of the land affords a sound basis for agricultural 
credit. Land farmed with regard for its inherent limitations is a better 
credit risk than land farmed beyond its capability. Lending institutions 
can encourage conservation and discourage misuse of land. 

Capability of land is of interest to many public agencies and to 
business concerns. EXtension of roads, electric lines and other improve­
ments often can be planned vith greatest efficiency if information about 
capabilit7 of the land is available. Often tax assessments can be guided 
by the nature of the land and its capability classification. Usual17 for 
such purposes information is needed about lana-capability units or at least 
about the subclasses within the eight land-capability classes. 
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TABlE 1 

WIUNE OF THE VAND~GA PABILITY CLASSIFICATION 

Major Land-Use 
Suitability 

(Br'oa:l crouping of 
limitations) 

Slited 

for 

cultivation. 

Not sui ted fo 

cultivation; 

suited for perms-

nent vegetation. 

Land..Capability Class 

(Degree of limitations) 

r-:l"ew limitations. Wide lati­
L.!J:u:!e for each use. Very good 

land frc:aevery standpcu.nt. 

~Moderate limitations or 
~ r isles of dalage. Good land 

frCIIII all-around stmpo•n 

Land-Capability 
SUBCLASS 

(Kind. of limitations) 

(Groupings of land-capability 
Uflits. b:a11>les of possible 
sUbclasses in class III:) 

Land-capability Uni 
(Distinctive physical 

characteristics) 

(Land-man.-.gerrent groups 
based on perm..-.ent phy· 
sical factors. Exa11>le' 

{ 

13-<:-2 ltxlerately slop 
rmmnl.imited by huard of ling slightly acid soil 
-water erosion: moderate -· ·-·--·-·-· 

ly doping land. [9-<:-2 ~rately slopin 
• ~I:U.:ir.....ac. ...SI.O.i..ls. ...ar::l. 

Severe limitations·or 
r isles of d.amage • .Riegu~ 
lar cultivation possib 
if limitations are ob­
served. 

t'lvery severe li.Jiutations. 
LI¥JSJited ft>r occauanal cul 

tiyation or for same kind 
of liauted cultivation. 

[;]
Not suited for cultivati01 
because of wetness, stone . 
overflOIIS,etc. Few land 

1mitat•ons affect grazing or 
'~·~- .... -~-
r-J"OO steep, stony, arid,wet 
~etc., for cultivat•on.Mod 

erate limitations for gra­
zing or forestry 

~Very steep,rough,ar•d,wet, 
AaJ.Jetc. Severe limitahans 

for grazing or forestry. 

~Limited by ezcen water; 
li§3needs drainage for 

cultivation. 

~Limited. by low moisture 
~ capaci~y: s~y land. 

l!l!'rfLimited by tight, very 
liMa slo.ly permeable subsoil' 

claypan l.xl. 

Groupings of rqe, pasture 

or forest sites, 

Extremely .rough,arid,sw~ , 
rJetc. Not suited for culti­
~at1on. grazing, or forest Y• 

Suited for wildlife, water 
shed1 or r~creatlon 

s~stone or shale. 

Land·msnsgement gro1.4's 

based on permanent 

physical factors, 

sUGh as range sites 

or forest sites. 



5o A Lalld Classification Programme for the Caribbean Area 

By A .B. Lewis 

Dr. Hockensmith has already referred in his remarks to economic 
land use classification as one of the phases of a land improvement pro­
gre.nune for the Caribbean Area. On my Virt, I should like to outline for 
you briefly the history of the oevelopnent of economic land use classifica­
tion and the functions it performs. 

Economic land use classification grew out of the science of farm 
management, which, in turn, originated as a result of the e-1-l'liest soil 
surveys. Shortly after 1899, when soil surveying in the United States 
first began, a soil survey was completed by the n-'.lited States Soil Surve;y 
in Wayne County, New York, a ca-.mty 'Where apples were a principil crop. 
The New York State College of Agriculture at Cornell Universit;y immediat~ly 
took an interest in this soil survey and the possible relation of the soil 
variations it had mapped to the yield of apples per acre of orchard land. 
The late G.F. 'Warren, who eventual.ly became head of the DeVirtment of Agri­
cultural Economics and Farm Management-of the College, set out to collect 
data in the field on the yield of apPles as related to the soil types. 
This \laS the first attempt to gather farm eata, to be subjected to statis­
tical analysis, by the so-called "survey method", and farm-by-farm inter­
view. Dr. Warren's conclusions, by the wa;y, were that the soil types were 
indeed related to apple yielos, and that the two factors of soil oepth and 
soil erainage ~e the most important soil factors from their viewpoint. 

, 
So successful was this first "farm surve;ytt that it was decided to 

apply the same method to an analysis of the complete farm business - not 
merely the orchard or another single enterprise. A complete farm business 
survey of farms in several townships of Thompkins County was attempted in 
1906, but '1e results vere never published, because an attempt \laS made to 
collect too mucli data and the underlying principles of farming as a business 
had not been well enough worked out in advance. In~ 1907, however, other 
townships in the same county were covered, and the resulting publication, 
Cornell Experiment Station Bulletin 295, published in 19ll, ;s-~still a 
classic, and bas since furnished a Vittern for man;r similar studi~s in naey_ 
J:Brts of the world. 

The original farm management survey study concerned itself to a 
noticeable degree with the relation of the soil types in Thompkins Count;y, 
which had already had its soils• napped, and farming returns. There were 
statements, for example, to the effect that some soils were better suited 
to forests than to farms. As the science of farm m'lnagement developed 
further, the interest of the farm management specialists at Cornell and 
elseuhere in land characteristics as a factor influencing farming returns 
ws maintained. A. t the same time, the influence of other factors, such as 
size of farm, efficiency of management of labour, choice of crop and live-

159 
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stock enterprises, prices, and others, were investigated. 

During the 19201 a the growing areas of abandoned farms in New 
York State attracted wide public attention there, and the College made farm 
management studies of farms that were still occupied in areas where many 
farms had been deserted, and where buildings were falling down for lack of 
repairs and the land growing up to scrub vegetation or woods. Its conclusion 
was that the farms were being abandoned because the soils in the "abandoned­
farm areas" were too poor to support agriculture of the modern type~ and 
should be returned to forests. 

There shortly followed a series of legislative enactments in New 
York whereby funds were provided to purchase suitable farm lands and return 
them to forests under State ownership, and for classifying the rural lands 
to determine which were best suited to this purpose. In 1950, I undertook 
the task, as a graduate student uncer the direction of Dr. G.F. 'Warren, of 
making a land classification map of'lbompkins County, a county frequently 
chosen as a place to try out new ideas because the College is situated in 
its centre. 

&t first we had the general intention of delineating mainly the 
areas that were more suitable for reforestation than for farming. But we 
soon found that it was possible to classify the land that was suitable for 
agriculture into•three classes. We, therefore, concluded with the map 
which you see here, a map classifying the land into five grades or classes 
on the basis of the intensity of use to which each grade is adapted, be­
ginning with land adapted only to forestry (land class I), and ending with 
land adapted to intensive agriculture (land class V). 

This map was based on the topographic map, the soil map (made in 
1920), a land use map which we made, and a map showing a visual classifica­
tion of all farms according to the amount and condition of buildings and 
other visible capital. Areas where nearly all farms were "poor", that is, 
tumbling oown and growing up to trees, were tentatively outlined as sub­
marginal areas for farming, with the tentative boundaries conforming with 
topographic changes. These boundaries were then refined and confirmed by 
superimposing them on a detailed land use map that had been recorded, in 
turn, on the soil survey map. 

Ve have always used the soil survey maps in land classification 
wherever they were available, and in New York have painstakingly tabulated 
the relationships between the economic land classes and the soil types in 
the greatest possible detail. Because of differences in the point of view 
of the two classifications, soil type areas are often bisected by economic 
land use class boundaries, and many different soil types are always com­
prised within an economic land class area. 
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Since land-capability maps have become available, we have found 
them extremely useful in economic land classification because they already 
constitute an evaluation of the soil and other land factors from the view­
point of their relation to crop growth and land treatment. The separations 
are, of course, very much smaller than any we make on an economic land 
class map, but they readily lend themselves to generalisation, and well 
represent, fron our point of view, the physical element, as distinct from 
the economic element, in our economic land classification. 

The farmer must use a complex of soil types and land condition in 
getting his living on the land, and it is this complex that is evaluated b,y 
the economic land use class map in terms of the intensity of use to which 
it is adapted. This means, in practical terms, how much it is worth, com­
paratively speaking, in the market; what comparative size of farm loan or 
fire insurance policy it will support; what comparative taxes it can pay; 
and what other services (as roads, electrification, irrigation, etc.) its 
production will support. Incieentally, too, the economic land classes con­
form to the comparative net returns which farmers earn on the land and com­
parative amounts of capital they can expect to accumulate on and in the 
farm. 

Since the economic land use class areas are always large enough to 
include several farms, they do not furnish a complete answer to all ques­
tions concerning a single farm. The economic land use class designation ap­
plies to the average farm within the class, but there is naturally much va­
riation between and within the individual farms. In a farm planning and 
soil conservation prorramme, for example, the agricultural officer needs a 
land-capability map to advise a farmer on how to rearrange his fields and 
cropping system, install terraces, and take other land improving measures. 
At the same time, this officer needs to be guiced in a general way by the 
economic land class of the farm in making his recommendation. If, for 
example, the farm is an average farm in a land class where farms generally 
support a capital (buildings, fences, drains, land, orchards, machines, 
livestock, etc.) that is valued at $8,000, the agricultural officer might 
reasonably sugrest the construction of farm works or other capital outlays 
that would somewhat increase the capital value of the farm, on the basis of 
its expected increased earning power; but if he recommended a capital ex­
penditure exceeding by (say) $2,000 an upper limit of (say) $10,000, that 
additional capital of $2,000 would waste away, physically and in value 
terms, for lack of sufficient income to support it. On the other hand, 
much more expensive recommendations for improvement would be well justified 
for a farm in a higher economic land use class. 

In a similar way, economic land use maps furnish guioes for agri­
cultural credit and taxation policies, but do not dispense with the need of 
individual farm appraisal and assessment as a basis for loans and levies. 
In individual farm appraisals and assessments, land-capability maps are 
useful. 
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In summary, economic land use class maps of territories in the 
caribbean area, if constructed as part of a Land Improvement Programme for 
the area, would furnish the necessary basic guidance for such programmes as 
new land settlements, irrigation and drainage, reforestation, rural electri­
fication, improvement of rural roads, extension of agricultural credit, ex­
tension of farm fire insurance, planning rural school systems, conservation 
of soil and water, and (what is extremely important) the entire agricultural 
·extension and advisory programme. They also would serve as an indispensable 
framework for agricultural economics, farm management, and rural sociological 
research. 

For the purpose of setting the standards for and evaluating the 
results of economic land use classification in the Caribbean, more farm man­
agement research is necessary in the area. 



4o Soil Conservation in Puerto Rico and the Virgin Islands 
of the United States 

By u.s. Allison 

The soil and 'W8.ter conservation progrannne in Puerto Rico and the 
U.s. Virgi11 Islands is carried out through locally organised soil conserva­
tion districts. Similar programmes are in operation in each of the 48 states 
and in the territories of Ha"WB.ii and &laskao 

The organization an.a operation of the national programme of soil 
conservation and proper land use in the United States may be oivided into 
four major steps. First, the enactment of appropriate legislation and the 
establishment of a national soil conservation organisation; second, obtaining 
the needed basic information through organised research; third, the develop­
ment of land captbility classification information; and fourth, the develop­
ment of the conservation farm plan, together with on-site technical assis­
tance in applying and maintaining the practices recommended in this plan. I 
shall discuss the phase of legislation and organisation, Dr. R.M. Smith vill 
discuss the research phase, Mr. Juan P. Cordova will explain to you hov we 
obtain land captbillty classification information, and Dr. Joaquin F. Marrero 
'Will explain how the conservation farm plan is developed and carried out. 

&t the present time, the national soil conservation programme in 
the United States is being carried out under the authority of an Act passed 
by Congress in 1955. This law authorised the establishment of the Soil Con­
servation Service as a scientific and 4--chnical agency in the u.s. Department 
of Agriculture. The functions of the _drvice are .Civided into the principLl 
divisions of research and operations. The responsibilities and authority of 
the Service are defined, and provision is made for the appropriation of funds 
for carrying out its activities. The Service is charged with the responsi­
bility "of providing aid in bringing about physical adjustments in land use 
that will-better human welfare, conserve natural resources, establish a per­
manent and balanced agriculture and reduce the hazards of floods and sedimen ... 
tationo" This aid is given to the land owners and operators in the states, 
territories and insular possessions through the locally organised soil con­
servation districts. 

District organisations have been established in each of the states, 
territories and insular possessions of the United States. They are estab­
lished by and operate under authority of legislation enacted by the state, 
territory, or insular legislatures. The legislature of Puerto Rico and the 
leg:l lative bodies of the Virgin Islands of the United States enacted such 
legislation in 1946. This legislation is based on •A Standard State Soil 
Conservation Districts taw'', prepared by the U.s. Department of Agriculture 
at the request of the representatives of a number of States. The provisions 
of this standard law are adapted to local conditions by the legislatures with 
the assistance of qualified people working in the field of agriculture. 

165 
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These soil conservation oistricts laws are called enabling legisla 
tion. That is, they provioe legal authority for the creation of soil conser­
vation districts. The laws themselves do not create districts. Districts 
are createc by popular vote of the J.andol..'tlers and operators. 

In order to explain the general procedure for creating soil conser­
vation districts, I shall limit ~ discussion to the Soil Conservation Dis­
tricts let of Puerto Rico. 

Briefly, this Act sets up in the Insular Department of Agriculture 
an Insular Soil Conservation Committee. The membership of this Committee con­
sists of the Commissioner of Agriculture, who is the Chairman; the Director of 
the Insular Experiment Station; the Director of the Insular Extension Service; 
another~ officio member appointed by' the Secretary of the u.s. Depirtment of 
Agriculture; and three farmer members, who are appointed by the Governor. The 
princip11 responsibility of this Committee is to provioe leaoership and advice 
in the formation of districts and, after the districts are organised, to the 
supervisors of the Oistricts. It also designates the procedure to be used in 
the creation of the districts, provides for the forne.tion of a boaro of su­
pervisors for each district, and defines the authority, duties and responsi­
bilities of the Boaros or Supervisors. 

Under the provisions of this Act, the Insular SoU Conservation 
Co:rmnittee, with the assistance of qualified people in the fielo of agricul­
ture, and with the approval of the Pl.anning Board, establisheo the bounC!aries 
for 17 proposed districts. Following this action, the Committee conducted 
hearings in each of these areas to determine whether a need existea for the 
creation of such oistricts. Public sentiment was overwhelmingly in favour of 
the creation of districts. Therefore, a referendum \las held in each of the 
designated areas. 

In these referenC!a, landowners and operators had the privilege to 
vote for or against the creation or a district. A majority of the qualified 
voters in each of the 17 proposed oistricts voted for their creation. lt the 
same time that the voters expressed their opinion concerning the creation of 
the district, they voted for three members of a five-member board of super­
visors. The other two members of each board were later appointed by the 
Insular Soil Conservation Committee. 

Each of the soil conservation oistricts thus created, by popular 
vote of ~~lified voters, is a governmental subdivision of Puerto Rico and a 
public bod.7 ccrporate and politic. The districts are created by the democrat­
ic process of 11he landowners and operators expressing their opinions in secret 
ballot, and they are governed in the oemocratic wy by the three farmer mem­
bers ele~ted by J)opular vote and the tvo fan ''embers appointed by the 
Insular Committee. The oistricts are not controlled by any federal or insu ... 
lar agency or bureau, ana their actions are subject only to the desires of 
the l.ando'Wl:lers and to the laws of Puerto Rico. 
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The boards of supervisors do not have the authority to force any 
landowner or operator to carry out a conservation programme on his farm. 
They are merely an instrumentality through which the farmers in each dis­
trict may seek and obtain assistance from insular and federal agencies, or 
from any other source, in carrying out a soil and water conservation and 
proper land use programme on their farms. Although there is no compulsion 
in the soil conservation districts law, it does make provision for the ado~ 
tion of land use regulations. The procedure for adopting such land use reg­
ulations ls for the board of supervisors in a district to con~lct a referen~ 
dum for the purpose of submitting to the land occupiers, l.o.t ~~~~i.a.· tLpproval 
or disapproval, regulations governing the use of land within the district to 
conserve soil and water resources and to prevent and control erosion. Unless 
at least 51 per cent of the land occupiers cast their votes in favour of the 
}nJposed regulations, the supervisor. shall not have authority to enact such 
regulations into law. 

The Soil Conservation Districts Law.tor Puerto Rico became effec­
tive on July 1, 1946, and elections for creating districts were completed in 
January, 1947. Soon after the districts were creat d and the boards of su­
pervisors were organised, they petitioned the U.s. Department of Agriculture 
to give them assistance in carrying out their district programmes o The 
Secre'tB.ry of Agriculture signed a memorandum of understanding with each 
board of supervisors of the 17 e;~tricts. Following this formal understand~ 
ing1 the boards of supervi,•:lrs requested the Soil Conservation Service to 
enter into an agreement with them wh~reby the ~ervice would provide on ... site 
technical assistance to the land occupiers in each of the districts. By 
July 1, 1947, the Service had signed an agreement with each Board ~f Super­
visors in Puerto Rico and had provided trained technicians for each district 
to give the farmers the assistance needed. 

Before a land occupier can obtain assistance from Service teChni­
cians, however, he must make a formal request to the Board of Supervisors of 
the district in which his land is located. The supervisors, with the assis­
tance of other agencies and conservation-minded farmers, hold community meet­
ings at Yhich the benefits of the programme are explained. If a majority of 
the farmers Dtlke application to join the district programme, the comnnmity is 
approved by the Board and the individual applications from the farmers are 
accepted. Tho Board then requests the Service to give on-site technical asG 
sistance to the farmerg who made application. The i)rvice makes the land 
ca:rability survey of each farm, as wi"'l be explained by Mr. Cordova. After 
tha land capability ir,formation is obtained, Service technicians assist the 
farmers in developing a conservation farm plan for each farm, and also give 
on-site assista~ce in tha application and maintenance of recommended censer= 
va tion and .._and usa practices. This phase of the work will be explained by 
Dr. Marre,.o o 



5. SoU Consenat~on in Puerto Rico : The Function of Research 

By Richard M. Smith* 

The research project which I represent ~~9 established about three 
years ago., Its pr1~17' objective ws to pt·oviCie information neeCied by the 
action programme of soU conservation in Puerto Rico. This action programme, 
as explained by Mr. Allison, is implementeCI through the Clemocratic organisa­
tion and Clemocratic control vested in Soil Conservation Districts. 

In order to take aCivantage of technical knowledge, sJdJl ana fa­
cilities wherever these were available, this project ws set up involving 
cooperation among the Puerto Rico Agricultural Experiment Station, the SoU 
Conservation Service, the Bureau of Plant Industry, Sells ana Agricultural 
Engineering, and the Office of Experiment Stations. 

Activities of the project incluCie grass and legume breeding, forage 
management, soU ana crop management, ana studies of irrigation and \oJSter use 
by crops. However, since this is a soils conference, and since our ultimate 
objective is to preserve or increase the productivity of soil, I would like 
to ce~tre attention on soils ana son properties with only casual mention of 
other aspects of our work. 

This project was set up and operates O'l the theory that research 
problems originate on the lane in connection with practical ..t'arm planning 
rather than in the Jdnds of research workers at Clistant locations. At the 
same time we believe that practical farm problems can be solved efficiently 
and permanentl1 only by seeking fundamental information and understanding 
Which permit the establishment of general principles of wide application. 
In this va:r there is hope of giving to field technicians and to farmers a 
firm basis on which they can build appropriate conservation and production 
procedures to fit individual farm needs. 

An essential pirt of our work is understanding soil profiles. We 
do not map land, but we must understand what is nappea. Furthermore, we 
must understand in such a way that our concepts can be transferred to farm­
ers and to field technicians. The problem is one of maintaining func1amental 
soundness on the one hand, yet of providing a medium of transfer and inter­
pretation for practical use on the other. 

Our overall approach, therefore, involves knowing from contact with 
farmers what the problems are; of converting those farm problems into the 
type of question which lends itself to scientific investigations; of investi-

* Project Supervisor of RM lRO.nx:T 74, "Erosion Control and Stable Crop Pro-
1uction ill Puerto Rico" • 
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gating in such a way that we gain a real practical understanding of the an= 
sver; and of being sure what the true conditions are at experimental loca­
tions as well as on farms, so that the answers can be properly interpreted 
and applied back to the land where the problem originated. Also, since our 
problems originate on farms, we look first to farms to find what practical 
soil properties need consideration. An expression of these properties in 
practical terms, is outlined below : 

Soil Properties Which Directly Influence Land Capability: 

I. Mechanical Properties 

lo Profile Depth - effective 
2 • lrl orka bili t:r 
3. Erodibilit;r 

II. Water Properties 

1. Intake Capacit:r (Infiltration) 
2. Transfer Capacit:r (Percolation) 
3. Holding capacity 

a. Amount available 
b. Tightness held 

III. Aeration Capacity 

IV. Plant Nutrient Properties 

1. lcid Intensit:r (PH) 
2. lcid Quantity (Lime requirement) 
3. Available nutrients 

a. General fertility 
b. Specific fertility - individual elements 

4. Soluble Salts - toxic influences 

Referring first to mechanical properties, it seems that practical 
soil use could hardl:r avoid a consciousness of soil depth, of workabilit;r, 
and of the tendene:r of soil to be removed by running water, vind or gravity. 

As regards water, this essential substance must enter the soil 
surface and it must move within or through the soil profile. &lao, for 
Vct.ter to support growth, it must be held. This holding obviously involves 
quantity as vell as intensity of the forces involved. 
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Aeration we have expressed as a capicity. The practical idea is 
to know whether gaseous exchange is adequate or limiting for maximum growth 
of desired crops. 

Finally, the very broad term, "plant nutrient properties", is 
suggested to cover the quantity and the intensity features of soil acidity, 
the general and the specif'ic presence of adequate plant nutrient elements, 
and the presence of soluble salts, which might be detrimental in a -way which 
is independent of available nutrients. 

Having decided what practical properties may be directly important 
in soil use on farms, our problem is to define and to understand these prop­
erties. The understanding may require much or little effort depending on 
cirC'UlllStances o Our ideal is to be able to obtain some specif'ic means of 
measuring and expressing each property in terms which cannot be confused. 
This, of course, is not al~ys possible in our present state of knowledge, 
but I think research is making considerable progress in that direction. De­
tails of bow we are attempting to apply measured values and well calibrated 
observations to express these properties are explained in a paper presented 
jointly with Dr. George Samuels to this Conference. At present our best 
index of some properties is observations, but we would prefer to substitute 
a measured value for even an experienced opinion whenever possible. However, 
unless the measured value is of proved accuracy and meaning, there is no 
justification for accepting it in preference to the experienced interpreta­
tion of a field scientist. 

Now, on this base of soil properties I would like to indicate a 
fev of the effects of accelerated soil erosion which we have studied in 
Puerto Rico. These effects are, of course, entirely sep1rate from the in­
fluence which different degrees of geologic erosion may have had upon orig­
inal soil developnent and original soil depth. The rate of geologic erosion 
is nornally much slower than the rate of soil removal under cropping even 
when good conservation practices are applied. 

Yhen deep, reddish upland clay soil (catalina and similar soils) 
erodes, the najor properties suffer. First, there is a heavy loss of sur­
race soil organic matter a::1d nitrogen. This reduces the capacity of the 
soil to supply essential nutrients, and it may intensify the damage done by 
acidity. Associated with the surface, also, is a well formed, yater stable 
structure. This is not true of the underlying horizons. Loss of the sur­
face, therefore, permits the clay texture to assert itself. The practical 
factor of workability becomes such that satisfactory tillage is very diffi­
cult or impossible. Ve have bad this experience with desuri'aced, nmoi'f­
erosion plots and with a number of constructed bench terraces. Without a 
surface horizon the soil is useful Jltiinly for pel'IIJ9.nent vegetation only, and 
growth of any kind is good o.lly when nitrogen and other nutrients are sup­
plied. Vater intake is also likely to be retarded and erodibility is defi .. 
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nitely increased. 

If we consider next the shallow brown clay mountain land of the 
interior, which predominates over most of the large area shown on the map, 
we find different capability limitations and new dangers. The shallow root­
ing zone and the low available wter holding capacity already limit soil 
use. Any reduction by erosion would severely limit crop yields regardless 
of other factors. Again, too, organic matter in the surface provides work~ 
ability and essential plant nutrients. With this kind of land the damage by 
any degree of erosion is very severe, and is so obvious that it hardly needs 
further discussion. 

One more contrasting example which we have studied is the Utuado 
sandy soil derived from granitic rock. In this case the rock is rotten to 
great depths and the workability of exposed subsoil or rock is excellent, 
much the same as in the surface. However, the topsoil contains about 4,000 
pouncs of total nitrogen per acre, and has a permanent available water hold­
ing capacity of about 1~, compared with less than 0.1 as much nitrogen and 
t as much water holding capacity in the subsoil. The economic loss, there­
fore, is heavy wen the surface soil is carried a\oJBy. But favourable work­
ability and fair mineral fertility might permit the use of this land forever 
at a rather low productive level in spite of considerable erosion. 

I hope that these few illustrations serve to show how our researCh 
work fits into the overall programme of soil conservation and proper land 
use in Puerto Rico. \lith soil properties plus other environmental factors 
as the foundation for research, the ideal medium for transferring research 
information into practical recommendations appears to be some eort of a 
}il7sical inventor)" ot land resources of farms where the progr-lm:110 is beine 
apPlied. For discussion ot hov this is accomplished,-! am hepry to refer 
you to Mr. Cordova, who follows me on this progrannne. 
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6 0 Land Capability Classes as a Factor in Determining Land 
Use in Puerto Rico 

By Juan P. Cordova 

Land can be class~ied in different ways and for eifferent pur-

Because of the neees of classifying soils according to their po­
tentialities, limitations and neeoa, the land cap9.bUity classification -was 
started by the SoU Conservation Service in 1959. The land cap9.bility 
classes represent the summarisation for a more practical use ~f tne inter­
pretation of the land facts recoreed in the soil conservation surveys. 

SoU, slope and erosion are the most important land facts taken 
into consideration for making a soil conservation survey. 

1. SoU Mapping Unit:- Ordinarily the most significant soil characteris­
tie~ taken into consideration in a soil unit are: effective eepth of 
the soU, texture of the surface soil, and permeability of the sub­
son. other significant characteristics may be thickness of any par­
ticular surface, or subsoil layers, permeability of substratum, char­
acter of the underlying parent naterial, available moisture cap1city, 
natural soU drainage, eegree of acieity or alkalinity, amount of or­
ganic matter or deficiencies in plant nutrients. 

2. Slope:• Steepness of slope, character of slope, such as length, Oirec­
ticn of exposure and smoothness are important lane features signifi­
cant in the efficient use of·the land. 

3. Erosion:- Erosion as mapped gives a quantitative estimate of tha 
changes that have occurree, gives an indication of the rate of p1st 
and possible future Ca.mages, and also shows what is left of productive 
topsoil. 

Eight land cap1bility classes are recognised, and they giv~ a 
quick summary of the lane suited for eifferent uses. The first tour classes 
represent land that is suited for cultivation, and classes V, VI, VII and 
VIII are not suited for cultivation. 

Land Suited for Cultivation 

Class I Very good land that can be cultivated safely·with ordinary good 
farming methods. 

Class n Good land that can be cultivated safely wi'bh moderate ccmserva­
tion treatments. These include such treatments as contouring, 

• 
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protective cover crops or simple water management operations. 
Common requirements are crops rotations and fertilisation. 

Class III Moderately good land that can be cultivated safely with inten• 
sive conservation treatments, such as terracing, strip cropping, 
complex t..eter management operations. Common requirements are 
crop rotation, cover crops, and fertilisation. 

Class IV Fairly good land that is generally better suited to pasture or 
forage but can be cultivated occasionally if handled with great 
care. Intensive conservation treatments are needed when culti­
vated. 

Lands Not Suited for Cultivation: Suited for Permanent Vegetation 

Class V Land best suited for grazing or forage with few or no limita­
tions, needs only good management practices. Is nearly level, 
with slight erosion hazards or imperfectly erained, but not too 
vet for grazing. 

Class VI Land suitable for pe~nent vegetation, grazing or forestry vith 
moderate permanent limitations generallY recommended for grazing 
or close forage crops. Not too steep or eroded for establish­
ments and maintenance of forage ar grazing. 

Class VII Land suitable for permanent vegetation, forestry or grazing. 
Generall7 recommended for forestr.y. It is either very steep, 
severely eroded, very rough, very shallov, very wet, or very 
dr.y. 

Class VIII Land not suited for cultivation, grazing- or forestr.y but may be 
utilised for wildlife, recreation or watershed protection. 

Three sub-classes 1 A, B and E are recognised. Sub-class A indi• 
cates land needing drainage, sub-class B indicates land of ver,y 
low fertility, and sub-class E indicates that erosion is the 
dominant hazard of the class. 

The following pages give a more detailed description of the classes and sub• 
classes. 
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PRINCIPLES OF LAND CAPABILrrY CLASSIFICATION 

TABLE I 

MAJOR lAND lAND lAND 
SUITABILITY CIKBU.M CAF&BILITY Ll'm CAPABILITY UNITS 

ClASSES SUB ...ClASSES 

' MAJOR DmREE KIND DErAILED DESCRIPriONS OF SURVEY 

lAND OF OF FHYSICAL CONDITIONS OF EACH MllFPING 

SUIT!BILlTY LIMITlTIONS DOI-IIN&N'l' UNIT OF 1RFA TO WICH UNITS 

OR LIMIT&TION S~IFIC TREATMENT mctUDED 

HlZA.RDS OR RreOI-1MEND!TIONS APPLY FOR 

H&ZARDS BEST SUS'l'l.nm> USE OF THE 

lAND 
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TUlLE II 

SUITABILITY LAND C&PlBILl'rY lAND !X&MPIES OF lAND 
cuss C&PlBILITY CAPABILITY UNITS 

SUB-cuss m romro RICO 
LIMITATIONS 
OR HlZARDS 

I Deep, nearly 210l0 

LlNDS \liTH F»l OR NO level, well 

lmmNENT LIMITATIONS, c3rainea1 me~ium 

lND WHICH DO NOT HAVE te:xturea bottom 
lANDS 

HlZI.ltro TO THE lanas 207&0 
SUIT&BL! 

MAINTENANCE OF THE 
FOR Deep, nearly 

LlND -
CULTIVATION ************************ None level, well 

vmy GOOD LlND TH&T drained eoil 

ClN BE CULTIVATED with mocerately 7&0 

S&F!:U 'WITH GOOD heavy texturec 284&1 

J'lRMING METHODS top-soil, ana 

mocerately heav,y, 

mocerately 

permeable aub-

a oil 
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SUITABILITY 

LANDS 

SUI'l'ABLE 

FOR 

CUI!l'lVATION 
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TABLE III 

lAND CAPABILITY lAND CAPABILITY EUMPLFS OF LAND ' 
cuss SUB ..CLASS CAl'ABILITY UNITS 

LIMITATIONS ClR IN RJERTO RICO 
HAZARDS 

II E Deep, gent1y ~~opinJ, 

LlliDS 'WITH MOD= EROSION is doml-
well drained, soil 
with moderately 
heavy textured top--

ERATE l'ERMA.NENI' nant hazard soil and moderately 

LIMITATIONS OR 
heavy, moderately 
permeable subsollo 
Slight erosion 

MODm!TE 

HAZlRDS TO TEE Deep, gently sloping, 
well drained soil ·_ 

MAINTENANCE OF with moderately tex .. 
tured topsoil and 

'l'EE lAND moderately light tex-

**************** tured subsoil with 
moderately rapid per-

GOOD lAND THAT meabllityo Moderate 
erosion. 

CAN BE CULTI-

VATED S4FELY A Deep, nearly level, . imperfectly drained 
nTH MODmATE EXCESS YATm is soil with medium tex-

tured topsoil and 
CONSmvATION dominant hazard moderately heavy sub-

soilo Slight erosion 
TREATMENT 

B Deep, gently sloping, 
excessively Qrained 

LGl AVAILABLE soil with thick, 
light t~ured top-

MOISTURE cAilCI .. soil and moderately 
I light textured sub-

TY is Clominant soil with rapid per .. 
meabilityo Slight 

- hazard erosion 

7Bl 

55B2 

227AO 

295Bl 
-
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TABLE IV 

SUrrA.BILITY lAND CAPABILITY IA.ND CAPA.BILlTY EXII.MPLESOFIAND 
Clt.PA.BILrrY UNrrS 

IN l'UOOO RICO 
ClASS SUB..CIASS 

lANDS 

III 

lANDS WrrH SE"" 

VmE :FERMA.NENT 

LIMITATIONS OR 

~rrlBLE H&ZUDS TO THE 

FOR MA.INTENA.NCE OF 

CULTIVATION THE LlND 
~**************** 

MODmA.TELY GOOD 

lAND Ti!ll.T C:\U 

BE CULTIVATED 

LIMITATIONS CR 
HAZARDS 

E Moderatel3 clt::tep, mod-
erate~ sloping, well 

mOSION is dom- drained soil with 
thin, moderately 

inant hazard heavy textured top 
and subsoil. Moder­
ate.l:.1 permeable 
throughout. Moderate 
erosion 

A 

Deep, well drained, 
strong~ sloping soil 
with thin, moderately 7D3 
heavy topsoil and _ 
moderately heavy, 
moderately permeable 
subsoil. Severe 
erosion 

Moderately deep, 
nearly level, poorly 

SAFELY WrrH IN- EXCESS WATER is drained soil with 272ll 
heavy textured top-

TENSIVE CONSER- dominant hazard soU and thick, heavy, 

VlTION TREAT• 

MENT 

slowly permeable sub-
soilo Slight erosion 

B Deep, gently sloping, 
excessively drained 

LCU' A.VA.IIABLE soil 'With thick, very' 295Bl 
light textured top-

MOISTURE CAPA.C.. soil and light tex-
tured subsoil with 

rrr is dominant rapid permeability. 
Slight erosion 

hazard 



176 

surr&.B ILl'1'! 

I,A.NDS 

SUITABLE 

FOR 

CULTIVATION 

' 
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TABLE V 

~-

lAND CAPABILITY IAND CAl'lBILITY !2:AMPLES OF lAND 
cuss SUB-cLASS CAFAB!Ll'l'Y UNITS 

LIMn'ATIONS OR IN RJERTO RICO 
HAWWS 

IV E Moderately deep9 

lANDS SUITABLE EROSION is dom-
strongly slop~g, 
well drained soil 
with thin, medium 

Fat OCCASIONAL :tnant hazard textured topsoil and 
moderately heavy 

OR LIMITED CUL- subsoil and moderate-
l.y permeable. Severe 

rnr.trioN. H~VE erosion 

'Vf'P.Y SEVERE 
A Deep, nearly level, 

PERM4NENI' LIMI• poorly drained soil 
• :EICESS Yl&.TER is with thick, heavy 

TltTIONS OR vmY textured topsoil and 
domlnant hazard very heavy, slowly 

FREQUENI' 
I 

permeable subsoil 
I 

!l~ZL"'IDS 

***************** B Deep, gently sloping, 
excessively drained, 

FAIRIJ: GOOD LGf AVAilABLE very light textured 
soils low in organic 

IA..I® THAT IS 'HOISTURE CAJ>A.C .. matter. Slight 
erosion 

GENERALLY BESr ITY is dominant 

:nri'E::> TO PAS- hazard 

TURE A1"D HAY I 
B'Jr C!N BE Cut-

TIVltTED CX:cA-

: SIONALLY IF 

HAr·iDIX- lilff ~ 
I 

I 
i 
I_GRF.AT CARE 

55D3 

277AO 

327Bl 
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TABLE VI 

SUITlBILITY lAND CAPABILITY IAND CAPABILITY EXAMPLES OF lAND 
CLASS SUB-ciASS CAPABILITY UNITS 

LIMITli.TIONS OR IN PUERTO RICO 
HAWU>S 

v 
Deep, excessively 

lANDS SUITABLE drained, very light 
FCR l'ERMANEN!' textured son, very 326AO 
VIDETATION, rapidly permeable. 
GRAZING OR FCR- tow in fertility. 
ESTRY, 'YITH FER Nearly level. 
OR NO l'ERMANENT Little erosion 
LIMITATIONS OR 
ONLY SLIGHT 

lANDS HAZARDS FOR 
THESE USES 

NOT ***************** 

SUITABLE GENmALLY Rm- NONE 
OMMENDEDFOR 

FOR GRAZING OR FOR-
AGE. INCLUDES 

CULTIVATION NFARLY lEVEL 
lANDS 'WITH 
SLIGHT EROSION 
HAZARDS; IMPER-
:mm.Y DRAINED 
lANDS NOT TOO 
YET TO USE FOR 
GRAZING OR FOR-
lGEJ SHAL!Gl 
sons OVER Ml-
Tml&L DETRI-
MENTAL TO ROOT 
AND YliTER 
lENETRATION 
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TABLE VII 

IAND CAPABILITY lAND ClPABILITY EX!.MFLES OF lAND 
ClASS SUB "-ClASS CARBILITY UNITS 

LIM:rrATIONS OR IN PUERTO RICO 
HA.URDS 

VI E Well erained, 
:shallow, ::nc tb:ra tel:; 

lANDS SUITABLE EROSION is domi- heavy textured soil. 
FCR FERM.\NENT Steep elope. Moder-
VIDETA.TION, nant hazard ate :sheet erosion 
GPJ.ZING OR 
FORES'l'RY, WITH 
MODERATE Y'ell erained, deep, 
FrnMANENI' heavy textured soil. · 
LIMITATIONS OR Seve~e sheet erosion. 
MODERATE Steep slope~ 
HAZARDS 

***************** Well drained, 
GENERALU' shallow, heavy tex-
RreOl~ED FOR tured soil; stron~ 
GRAZING OR sloping, moderate 
FCRAGE. TOO erosion 
Sl'EEP, OR TOO 
SEVEro: SHEET 
EROSION FOR 
CULTIVlTION; 
liO'l' TOO STEEP 
OR GULLIED FOR 
ES'I'lBLISHMENr 
AND J.'J. INTENl\NCE 
OF FORAGE AND 
GRAZING 

64E2 

59E5 

25D5 
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TlBLE VIII 

SUl'l'lBILITY LAND CAPlBILl'l'Y I.AND CAPABILITY !:X&MPLESOFLlND 
ClASS SUBc.eL&SS CAPABILITY UNl'l'S 

LIMri'lTIONS OR IN l'UERTO RICO 
HA.ZlRDS 

VII E Shallow P "Wel.l. ' 
drained, heavy soil. 

LA.NmSUri'lBLE EROSION is dom= Gently sloping. 23D4 
Ver,r severe sheet 

FOR PERMANENT ina.nt hazard erosion 

VIDE'rlTIONp 
Shallow i well 

GRAZING OR fOR .. drained soil with ~5Fl 
lANDS moderatel1 heavy 

ESTRY, Vl'l'H SE= textured topsoil 
Nor and moderately heav,y 

vmE PERMANENT subsoil. Slight 
SUITA.BLE erosion. Very steep 

LIMl'l'A.TIONS OR slope 
FOR ~ 

SEVERE HAZARDS 
CULTIVlTION 

~*************** 
A Moderately deep, 

ver~ poorl~ drained, ~5&0 

GENERAIU Rm= EXCESS \tlTER is very- light textured 
soU suited only for 

OMMENDED FOR 
dominant hazard S"wamp woodland 

FORES'l'RI. IT Mangrove swamps ~66AO 

IS VERY STEEP 1 

SEVEREU Gut= B Not recorded in 
Puerto Ri<-o 

LIED, VERY 
tal A.VAIIABLE 

ROUGH, VERY MJJSTURE CAPAC"' 

SHliJD,tl', VERY ITY is dJm:inant 

WEI' OR VERY DRY hazard 
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TABLE ll 

lAND CAl\\BILITY lAND CAPABILITY EXAMPLES OF !AND 
ClASS SUB-cLASS CA~BILITY UNITS 

LD1ITA.TIONS OR IN PUERTO RICO 
HAZARDS 

VIII Rock outcrop 

IANISYITH LIMI· 
Deep, V•type (caving). 

TATIONS THAT gullies 

MA.KE lT IDJFlT 
Barren land 

FOR CULTIVATION, 

GRAZING OR FOR· Deep, very light textured 
soil covere~'by wter most 

ESTRY, Btrl' NlY NONE of year 

BE UTILISED FOR 
Narrov strip of beach sand 

\liLDLIFE OR bordering the coast line 
and affected by the \IS.ves 

P.FX:P..FATIOl-l, OR 

TREATED FOR. 

WA.T:rnsHED 

lRanx:TION 
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USE OF lAND ACCORDmG TO CAPABILITIFS 

LAND 
IINCREASED INTENSITY OF USE 

CAPABILITY ..--- - - -
CLASS WilDLIFE FORESTR'll LIMITED MODERATE NTENSIVE LIMITED MODERATE INTENSIVE VERY 

GRAZING GRAZING GRAZING CULTIVA· CULTIVA· CULTIVA· ~NTENSIVE 

TION TION' TION CULTIVA· ... ., ... ..., ---
I . . . 
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7 • Principles and procedure of Farm Planning 

By D.r. Joaquin F. Marrero 
' 

I. Farm planning is based on tour important factors: 

1. The land capability survey of the farm - proper land use. 
2. The right combination of soil conservation practices - single prac• 

tices are seldom effective in erosion control. 
3. Maintenance and improvement of soil productivity. 
4. Economically sound conservation farming. 

All these considerations are necessary if ve are to have a permane~tt and 
profitable use ot the land. 

II. Some of the more important £acts that must be consiaered in planning a 
farm are: 

1. Type ot farm to be planned (livestock, farm crops). 
2. Feeding requirements for the persons ana animals on the farm. 
3. Cropping programme ana rotation system of crops. 
4. Farm equipnent available on the farm. · 
s. Conservation practices to be established. 
6. Other agronomic practices neeaed - liming, fertilising, etc. 
7. Must always consiaer economic factors - is farmer making a profit? 

III. The land C8pibility map is the base map of the farm. By exa~ing this 
map, one Miy obtain a great aeal of information about the present con­
ditions of the farm, such as: 1. Ditfarent classes of land in the farm; 
2. The use the farmer is making of the land; 3. lcreage devoted to cul­
tivated crops, pistures, vooas, etc.; 4. Location of roads, lanes, 
streams, natural \18. terw.ys • 

IV. In oraer to get the vork on a sound basis, and considering the limited 
technical personnel available, stress is placed on planning groups or 
communities of farms rather than individual scattered farms. Assis­
tance can thus be-obtained from farm leaders. These may be community, 
neighbourhood or family leaders. 

V. An effective, vall organised educational programme on soil and water 
conservation is a prerequisite to a successful farm planning programme. 
Some ot the most important methods that may be used are: 1. Confer­
ences, lectures, discussions with group of farmers b,y district super­
visors, Extension Service, Forest Service, Vocational Agriculture, and 
other interested agencies. Also meetings of civic clubs, churches, 
bankers, schools; 2. Radio and newspaper programmes; 3. Motion pictures 
and film sll.des, exhibitions; 4. Contests, awards of prizes to 'Winning 
farmers; 5. Field trips to farms having an established soil and water 
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conservation programme, Most effective results obtained when the farm 
owner himself talks to the other farmers about the benefits derived 
from a complete soil and water conservation progrannn.e. 

VI. It is highly important that the farm plan be thoroughly understood by' 
the farmer, and that he is convinced of the benefits to be derived as 
a result of carrying it out. 

VII. It must be recognised that a complete farm plan is a long-range pro­
~e and will require several years to get it applied. It is de­
signed to put the farm on an economically sound basis by improving the 
son as well as the quantity and quality of the crops grow. 

VIII. There is no ready-made farm plan that can be used for all farms. Each 
farm differs in many \lB.yB from every other farm. The farm plan o:r one 
farm will not fit any other farm. 



Bo SOIL lROBWvS OF THE CI.RIB 

So The Present State of SoU Knowledge 
caribbean Region 

By Prof o F. Hardy 

The British Caribbean Region comprises (I 
ing territories: 

(A) MAINLAND: (1) British Guiana, (2) Trinidad 
District of Barbados, ( 5) Bri tisJ 

(B) GRFATER ANTILLES: (6) Antigua, (7) Jamaica, 
Isl.andso 

(C) VOlCANIC ARC: (9) lrlindward and Lee~rd Isl.a1 

(D) CORAL ISLANDS: (10) Barbados (in part), (11: 
(15) Bermudas o 

Soil-forming factors and, therefore, the derived sc 
these territories. 

(1) BRITISH GUIANA 

The main divisions are: (~) the Frontlanc 
of Amazonian origin; (ii) the Hinterland, a penepl~ 
ment complex ot Freeambrian metamorPhic and massivE 
intrUsions forming d,ykes that have produced rapids 
rivers and have thus prevented the colonisation of 
the Rora:i.nf3. nateau, made of Precambrian sandstone l 
an escarpnent, some 900 feet high, over which sevel 
(eog. Kaieteur). The cl.imate is v~ry wet and the ~ 
forests. 

The Frontlands soils are solotized so1en1 
of sugar cane w.hen treated suitably with fertiliset 
are very old, ranging from infertile white quartz E 
containing abundant ferruginous concretion~.which e 
when dried out or eroded (for example, when the fo1 
giving rise to ironstone gravel and ironstone paven 
erite") having restricted agricultural valueo Not 
Plateau soils, except that they are mostly quartz e 
hills of basic rock covered with red ea~th. Many c 
rior of British Guiana have counterparts in Vest Af 
plained in V.egener•s hypothesis which postulates tt 
America were once joinedo 
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This comprises a northern range of mountains, made of Jurassic and 
Cretaceous metamorphic rocks (schists and limestones), continuous vith the 
mountains of Venezuela of vhich Trinidad and Tobago really form a plrt •• 
There is a small intrusion of andesitic igneous rock in the north-east 
corner. The rest of Trinidad consists mainly of MiocenedQligocene sedimen­
tary rocks representing the vhole range from sandstones to siltstones, clays 
and shales to limestones and marls. The rainfall is high in the east and 
lover in the vest. Most of the island t-JB.s originally covezed WJ.th forest. 
The topography is mainly 10\llying. 

The soils of Trinidad are relatively immature because the \lhole 
area, except the mountains, until recent geological times, \JS.s protected by 
a covering of Pleistocene Llanos deposits, once continuous with those of 
Venezuela. Hence the rocks have not long been exposed to the action of 
soU-forming agencies. Most of the soil-types are hydromorphic ~Ground 
Yater Podzol; Viesenboden, Planosol); some are calcimorphic (Rendzina), and 
a fev are Red and Yellov Podzolic or even "Lateritic", though not fully de­
veloped. cacao, sugar cane, coconut, citrus and coffee are the chief crops. 

(3) TOBAGO 

This resembles Trinidad, except that igneous rock (diorite) is 
more abundant and comprises about one-half of the i~land. The soU devel­
oped over diorite resembles the Mucara soU of Puerto Rico. The rest is 
schist and sedimentary rocks, mostly limestone, the latter forming a large 
promontory in the West. cacao, coconuts and peasants• provisions are the 
main crops. 

(4) BARBADOS (Scotland District) 

The rocks of the exposed north-east part of Barbados, not covered 
by coral limestone, resemble some of those of Trinidad and Tobago. 

( 5) BRITISH HONDURAS 

This may be described as a central high peneplain of Carboniferous 
rocks, mostly igneous (grandiorite) and metamorphic (slate), surrounded by 
Oligocene limestone, covering one-third of the area, and continuous vith the 
limestones of Yucatan. A large part of the territory is occupied by old 
coastal alluvium and newer alluvium of the river flats and batiks. The area 
is mostly covered with magnificent rain forest, vhose products (mahogany and 
chicle) comprise the main exports. Plans are afoot for the agricultural de­
velopment of the territory. 
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(6) ANTIGUA 

Though small, this island presents complicated geology which may 
furnish the key to the geology of the Caribbean. There are old volcanic 
rocks in the south-west, limestones in the north-east~ and volcanic tuffs 
and limestones in the central plaino ·Sugar cane is the chief crop, but 
yields depend on rainfall which is often sparse and not much above 40 inches 
a year. The soils are Chestnut Earth, Vlei (a hydromorphic type), and 
Rendzina (a calcimorphic type, derived from soft limestones and lagoon marl). 

( 7) JAMAICA. 

This relatively large island bears a closer resemblance to Puerto 
Rico than any of the British Caribbean islands. It consists of a basement 
of cretaceous igneous and metamorphic rocks associated with younger ro·cks, 
namely, tuffs, conglomerates and limestones of Eocene age, which compose the 
Blue Mountains of altitude 7.ooo ft. These are surrounded by an apron of 
Oligocene limestones, forming a level plateau, 5,000 feet high. The coastal 
flats on the south comprise Pleistocene to Recent marine and estuarial allu­
via, and the interior basins, resulting from the caving-in on a grand scale 
of much of the plateau through the dissolution of the limestone, are covered 
with red residuary deposits exposed to waterlogging in the wet season. 

~ 

The climate of Jamaica is variable, depending on altitude, as in 
Puerto Rico. Rainfalls as low as 50 inches occur on the southern coastal 
plain, and rainfalls well above 100 ins. occur in the mountains. Over most 
of the plateau, the annual rainfall lies between 55 and 95 ins. 

Or~ginally, Jamaica was covered by forests, but the need of fuel 
by the early sugar manufacturers brought about their complete destruction 
over most of the area. 

The soils of Jamaica cover a wide range of types, many of which 
doubtless could be matched among the soil series identified in Puerto Rico. 
Thus, humid zonal groups, such as Red, Yellow anc Brown Lateritic and Fcc­
zolic, occur in the mountains, where red soils, resembling the catalina 
Series, are widespread, and on the dry coastal flats soils resembling 
Chestnut Earth occur. Intrazonal hycromorphic soils, such as Ground Vater 
PoGzols, occur in the interior valleys, and calcimorphic types cover the 
soft impure limestones and marls. The most ubiquitous soils in Jamaica, 
however, are the Terra Rossa soils, developed over plateau limestones. 
These closely resemble the hard limestone soils of Puerto Rico, for example, 
Tanaml, Bayamon, Natan:zas, Almirante and Cote. In Jamaica, the parent 
material of a yellow soil resembling Cote clay provides bauxite, which is 
being commercially exploited. 

(8) BRITISH VmGIN ISLANDS 

Little is ln1own about the soils of this area, though, doubtless, 
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they resemble those of the Virgin Islands of the United States, which have 
been investigated and mapped in some detail by officers of the U.s. Depart­
ment of Agriculture. 

(9) YitmTl\RD A.ND tmrARD ISLANDS (Yolcanic Islands) 

These comprise (a) Grenada, the Grenadines, St. Vincent, St. Lucia 
and Dominica, and (b) Montserrat, St. Kitts and Nevis, respectively. They 
form an arc, some 400 miles long, stretching from near Trinidad in the south 
to near the Virgin Islands in the north. Martinique and Guadeloupe occur 
among the first group, and Saba, St. Eustatius, and St. Martin, belonging 
either to the French or the Netherlands West Indies, to the second. 

The average size of a typical British volcanic island is about 180 
square miles, with average population of 500 per square mile, or 2 persons 
per arable acre of land. The average height would be about 51 eoc> f't. Only 
some 36 per cent of the total area is cultivable, on the average, and another 
56 per cent is perm9-nently under forest, leaving 28 per cent as marginal land. 
The rainfall is concentrically zoned around the central mountain ridges, and 
varies f'rom about 150 ins • to 55 ins. over the narrow coastal strips. The 
climate of the highlands is continuously wet or moist, with all months • 
having rainfall over 4 ins., but that of the low grounds shows a weak, marked 
or intense dry season having one to 5 to 6 dry months llith less than 2.4 ins. 
of' rain. (Mohr's scheme.) 

The volcanic islands were once clothed with forest, classed by 
J .s. Beard as Montane Forest over most of' the highest ground having ann:ua.l 
rainfall above 70 ins., and Seasonal Forest (Evergreen, Semi-Evergreen and 
Deciduous) occupying the land under rainfall betlleen 70 and 50 ins. The 
vegetation of' the dry coastal lands is mainly cactus scrub, and the coastal 
swamps are occupied by mangrove. The different kinds of' vegetation, like 
the climatic elements, are arranged concentrically around the central 
ridges. 

The geological structure of the volcanic islands is extremely 
variable. All are built up of' a series of Pleistocene to Recent volcanic 
cones resting on an eroded and peneplanated basement of ancient volcanic 
rocks that were erupted in Miocene times (15 million 7ears ago) from 
volcanoes arising from still more ancient (cretaceous) earth-folds.. The 
"old residuals" are nowadays exposed around the periphery of' several of' the 
islands, for example, Grenada, St. Lucia and Nevis, but mostly they are 
covered over by the newer volcanic ejecta. The kind of' volcano represent~, 
by the Pleistocene cones is the "explosive" type, in which lava flows are · 
scarce and the main eruptive rocks comprise fragmental materials ranging 
in size from large boulders to f'ine dust. The kinds of' rock of' llhich the 
volcanic materials are composed are mainly andesite and basalt. These are 
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mostly devoid of quartz, though quartz-bearing varieties occur in a few of 
the islands, notably St o Lucia. 

The points of origin and the sequence of eruption of the several 
volcanoes that make up each of the islands have fluctuated greatly, so that 
complex geomorphological land=forms have resulted. The following stages can 
be traced: (a) Old forms • (i) old residuals, (ii) very old cones, whose 
central plugs remain to form "pitons" or low sharp peaks, (iii) old cones 
whose sides are deeply dissected by erosion, and (iv) old glacis or gentle 
slopes comprising finer materials laid cow by "black clouds" (mixtures of 
steam and hot dust) or washed do~ by water action, and afterwards eroded 
into deep wide valleys and sharp longitudinal rioges; (b) New forms - (i) 
young cones, having easily~recognised craters, (11) eruptive c~nes, not yet 
extinct (for example, Soufri'ere Mt o in St. Vincent and Mt. Pelee in 
Martinique which erupted violently in 1902-3), and (iii) young glacis 
subtending young cones not yet dissected by water action. These, together 
with estuarial and riverine flats and raised beaches, present a wide variety 
of topography which has greatly influenced soil formation. 

Thus, in the steep wet uplands where c1rainage is free, zonal soils, 
provisionally termed ~ed Earth", abound over the old geomorphological vol­
canic farms, although they have not yet had time to develop over the most 
recent cones and glacis, whose soils have therefore been classed as azonal 
and provisionally termed "Fresh Ash" or Lithosol. Between these extreme 
kinds of soil, several less mature (intrazonal) kinds have been identified, 
w.hose present features appear to have been mainly decided by the prevalence 
of lime, liberated by the decomposition of the basic felspars (calcimorphic 
soils) in the one case, or by the dominance of ground-water (hydromorphic 
soils) in the other. To the first of these classes belong "Brol<ltl Earth", 
derived from the coarser ejecta (boulders and stones) and ~ellow Earth", 
derived from the fine-grained materials (ash and dust). The component 
boulders of Brown Earth are weathered in onion~skin manner and more-or-less 
completely softened and decomposed to the core, forming a soft mass which 
may easily be cut, producing sections showing kaleidoscopic colorations. 
The topsoil is bright red-brown in colour and rich in exchangeable calcium, 
so that its reaction is usually alkaline. It is very fertile, and grcrus 
good crops of vegetables and cotton. The particles of volcanic ash compris­
ing Yellow Earth are similarly well-weathered, the felspar grains forming 
pseudomorphs composed of a kaolinite-like clay mineral, and the ferromagne­
sian grains giving rise to limonitic residues which colour the parent mate­
rial bright ochre yellow. The topsoil is nearly black, and its reaction is 
slightly acid, though its lime status is high. In some respects, it re­
s~mbles Rendzina, and its features appear to be similar to those of "Ando" 
soil of Japan. 

The hydromorphic soils have been formed by the gradual sealing-up 
of the subsoil by the development in situ of colloidal clay minerals, 
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~ssibl1 augmented by the down~rd movement and accumulation of silica or 
hydrated iron oxide, which impeded the arainage •. The first stage bas pro­
visionally been named "Terrasn, after the local name given to its parent 
material ("trass") which is used as road metal. The second stage bas been 
callea "shgal", because it gives rise to a hare pavement ("shoal rock") when 
eroaed and dried out. Both stages contain new clay minerals somewhat re­
sembling beiaellite, which makes them plastic ana sticky when wet ana hare, 
and compact when cry. They are aifficult to cultivate, ana can support 
crops (such as cotton ana sugar cane) only in the wet season. These two hy ... 
aromorphic soils, aevelopea over fragmental volcanic rocks, might be classea 
as.Planosol. 

(10) BARBADOS 

The coralline part of this island is coverea by a red soil (Terra 
Rossa) over the higher terraces, ana by a black soil (Renazina) over the 
lowlands. Intermediate stages occupy the terraced lana between. The de­
velopnent of these two soil types may be explained in terms of the dii'fering 
porosity of the underlying rock, and the proportional ~mount ana nature of 
the included impurities, which may comprise either volcanic ash ejected by 
the volcanoes of the neighbouring islands, such as St. Vincent, or weathered 
materials derived from sedimentary rocks that make up the core of Barbados. 
The climate is wet in the upper lands between 100 and 200 feet, and dry near 
the coastline. The island was once coverea by seasonal rain forests, but it 
is nov entirely given over to the cultivation of sugar cane. 

(11) BA.RBUDA 

This coral island situated near Antigua is low-lying and ary, and 
its soils resemble those of Barbados. It is almost uncultivated, and is 
covered with thin deciduous forest ana cactus scrub. 

(12) BA.HlMA.S 
( 13) BERHVD' 

The numerous coral islands comprising these two groups resemble 
the coral islands describea above, in that their soils are either red or 
black, depending on the nature of the parent calcareous rocks, with regard 
to under-drainage and purity. 



9. 'l'be Clay Minerals of British West Indian Soil 

By G. Rodrigues 

Up to the present time the clay fractions of only some of the ma-
jor soil types occurring in the region have been examined, namely: 

(1) Talparo Clay of Trinidad 
(2) The Coral Soils of Barbados 
(3) Some Volcan-ic rock soils of the Lesser Antilles, e.g. 

· (i) Red ear~ derived from massive Augite-andesite, 
(ii) Yellow ~rth derived from uniformly granular volcanic ash, 

(iii) "Shoal" Soil developed over cemented ash and agglomerate. 

The methods used have been chiefly chemical analysis including base 
exchange measurements, supplemented by examination with the microscope, dehy­
dration curves and dye absorption. In one case only, the Talparo clay, we 
had the cooperation of Dr. Ralph Grim of Illinois, who examined the samples 
by X-ray diffraction and differential heating methods. 

(1) Talparo Clal is ~n acid red clay derived from a sedimentary fora~ 
miniferal clay or shale of Oligocene age. Samplas were obtained every 5 
feet to a depth of 75 feet from cores taken by oil geologists. Evidence of 
weathering and of the ordinary processes of soil development were obvious to 
a depth of 40 feet. Briefly stated~ the parent material below 40 feet had 
the following mineralogical composition: Kaolin, 40 per cent; Quartz, 20 per 
cent; Illite, 20 per cent; and a Chlorite, 15%. The soil consisted of 
Kaolin, 36'%; Quartz, 38%; and illite, 25%; with little or no Chlorite left. 
The illite in both cases contains between 5 and 6 per cent of K2o, and seems 
to have undergone little breakdown in soil formation. The reaction (PH) of 
the soil to 10 feet 'WSS 4.6, at 20 feet 6.4, while that of the parent clay 
"WSS about a.o. The base exchange capacity of the soil was 54 m.e.%, ~lle 
that of the parent was 24 m.e.%. Exchangeable calcium 'WSS a.o and 1.5 m.e.% 
in tarent rock and soil, respectively, and magnesium 15.0 and 15.5 m.e.%. 
In the process of soil formation, involving intensive leaching, the ex­
changeable calcium is nearly completely lost, but the magnesium maintains 
its high value. 

(2) The Barbados coral soils were sampled on a traverse of the suc­
ceeding terraces, starting from the lowest at a height of 55 feet above sea 
level, the next at 135 feet, the third at 195 feet, the fourth at 422 feet, 
and the highest at 614 feet. The soil at lowest level is a black clay, 
while the one at highest level is a red clay, with the second and third being 
described as intermediate black, and the fourth as intermediate red. The 
five samples constituted a graded series~ and the clay fraction showed a pro­
gressive change in the silica~lumina ratio from 5.2 in the black soil to 2.5 
in the red. The base exchange capacity decreased (linearly) from 44 m.e. to 
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24 m.e.%. Dehydration curves were identic~l in shape in all the five 
samples, but the "adsorbed" "W8.ter (lost up' to 2000C) Clecreased from the 
black to the red, while the "crystal-lattice" "W8.ter increased over the same 
range. The clays most probably consist mainly of a mixture of two minerals 
varying in proportion as we pass from one end of the series to the other. 
One clay mineral with a low base exchange capacity is most likely kaolinitic, 
while the other is possibly a beidellite, with high base exchange capacity 
and a fair amotmt of combined irono On this latter assumption, the clay of 
the black soil would contain about 70 per cent of beidellite and 25 per cent 
of kaolinitic mineral, while the clay of the red soil woulc be just about 
the reverse in contents of these two minerals. Computing the composition of 
the beicellite component of the clay on Nagelschmidt•s system to the basis 
of Al2Si4o11 produced an interesting graded series in which the iron re­
placement seems to increase as we pass from the black to the red clays. The 
soils apparently constitute a Catenary Association, which might, however, 
have been influenced by the nature of the parent coral and its impurities, 
and even by the igneous minerals from ash sho~ers originating in the volcanoes 
of the neighbouring islands. 

(5) The soils derived from volcanic rocks have been described b,y 
F. Hardy', in a piper subDitted to the Conference; the following three main 
types have been so far examined: 

(i) The Red Earth derived from Augite-andesite is very much like the 
Catalinr clay of Fuerto Rico. The direct product of the primary 
weathering of the rock contains a high percentage of free alumina, 
most probably in the. form of gibbsite. The clay of the final soil 
is composed of a kaolinitic mineral with a relatively high base 
exchange capacity (20 in~e.~). and a dehydration curve of the type . 
of that of halloysite. The coarser fractions also consist (apart 
from unweathered minerals) of kaolinitic aggregates which resist 
dispersion. 

(ii) The Yellow Earth in its formation seems to follow a pattern similar 
to that of the red earth, in so far as the final products tend to 
be kaolinitic in composition but much more immature. The iron oxide 
is apparently highly hydrated, while the clay mineral seems to be 
more a mixture of highly hydrated silica and alumina in the proportion 
approaching that of kaolinite but not showing the characteristic 
oehydration curve of this JD.iner.al, in the examples so far studied. 
The mineral baa been ~e1cribe~ as "allophano1~" for this reaacno In 
the ashy horizons of this soil profile, where mechanical analysis 
reveals as much as eo· to 90% sand, the water absorbing capacity may 
be extremely high. This is due to the felspar "pseudomorphs", which 
have retained the form or the original crystal,· but which have been 
highly Yeathered and, in some cases, have completely lost their bases 
and a large amount of their silica content. This "pseudo sand", be- . 
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sides having high \JS.ter-absorbing capacity, also shows high base ex­
change properties. 

(iii) In the case of the ·lt§~1oal Soil", the weathering follows a different 
V!-ttern. This soil is developed under impeded Clrainage conditions, 
and the clay component is decidedly more siliceous; its molecular 
silica-alumina ratio approaches or is well over 5.0. The clay 
mineral is variable, but seems to be one of the montmorillonite or 
beidellite class. Here again the coarse fractions (sand and salt) 
may also exhibit high base exchange properties of the same order as 
those of the clay component ( :. A.J ~.c.:";. ~·~;n rain exchange base. 
in the clay· fraction. often is magnesium• 

These results have been obtained by what must be considered as 
quite inadequate methods, and must remain conjectural until better facili­
ties for more refined analysis by modern methods are available. 



10. Soils Problems of Surinam 

By J.M. Verhoog 

After a brief cescription of the climate, geology ana physiography 
of Surinam, special-attention was paic to the soils problems in the coastal 
lowlancs. 

The soils in the coastal lowlancs, which range in texture from 
very heavy clays to sancs, are low-lying (slightly above to-slightly below 
sea~level), ana, therefore, are affectec by a high grounewater table in the 
ra!ny seasons; they become even partly floocec. 

The proouctivity of the lane is limited by this unfavourable con­
oition. Accoroingly, crainage is a main problem in Surinam. It has been 
calculatec that, for crops such as soybeans, corn, etc., on the heavy clay 
soils, the capacity of the crainage system shoulc be as high as 70 mm. (2.8 
inches) in 24 hours. Even then artificial crainage by means of-mole crainage 
may be a necessary supplement. Experiments with mole erainage are in pro­
gress. 

To collect information on the existing soil types, a cetailed soil 
survey has been started of an area of about 5,000 ha. (7,500 acres) on a 
scale of 1:10,000. In connection with this survey,. information is being 
ea.thered on the natural crainage system, lan_d tenure, land use and fa+m 
management, to obtain sufficient data for land improvement. 

Surinam is in urgent need of a land improvement programme with a 
view to land improvement of areas now under cultivation and the setting up 
of new settlements accorcing to soils pattern, topography, etc. 
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11. Soil Survey of Puerto Rico 

By Ray c. Roberts 

Puerto Rico, like many of the British caribbean Islands Professor 
Hardy so vivi~ described last night, is also a good place to study the 
effects of the five commonly recognised genetic soil factors: namely, cli­
mate, parent rock, time, living organisms and relief - including man's ac­
tivity. Soils everywhere are the products of the combined effects of these 
factors; no one factor operates alone. If the total effect of all the fac­
tors is the same in two sites, even though they are many thousands of miles 
apart, the soils will be the same and should be classified in the same soil 
series. If the soils are the same, knowledge regarding use, management, and 
yields from soils in one area should be very helpful in the other. 

Owing to the wide ranges in precipitation, parent rock, relief, 
vegetation, age and drainage, many soil types occur in Puerto Rico. Exami­
nation of the soil map of Puerto Rico will show 115 soil series (including 
552 soil types and phases). , 

I am very glad that I bad occasion to work on the soil survey of 
Puerto Rico, ~ich YBS started in 1928 and completed in 1955. I welcomed 
the opportunity to return again and again during that period. The work 
season ws from about January to June. 'When the wet season started, the 
Federal men would return to the ~nited States for summer assignments. In 
many respects this break in the survey was highly desirable, because it gave 
us an opportunity to reflect about soil problems that baffled us in the 
winter, and thus see them in another light when we returned the next fall. 
At times it was evident that we had not understood all that we saw. To 
illustrate this point, I mention an incident that happened in 1925 when I 
\ISs working on the ·Nebraska soil survey during summer vacation in my junior 
year. At that timd I thought I knew quite a bit about soils, at least I was 
digging many holes and taking many notes. During the course of the survey, 
Dr.-c.F. MarbUt visited the area. It was not long before he showed me m!lny 
characteristics of the soU profile that I had never seen before, although I 
had been looking at them all the time. This example applies to most inexpe­
rienced soil surveyors. Furthermore, most of us see what we are trained to 
see- and very little more. More experienced.men must help those with less 
experience to recognise significant features of the profile and landscape. 
After these features have been recognised, it is easy for men to see them 
the next time they are encountered. One of the requirements of a good soil 
surveyor is to keep his eyes open and to be on the alert to see everything 
he can in the soil profile, landscape, and the use of the land, and to re­
cognise those things that will help him make a more useful m'ip and report. 

l.fr. A.T. Sweet started the detailed soil survey in Puerto Rico in 
1928. He \ISS assisted by Mr. F.&. Villamil of the Insular Experiment Sta­
tion. They worked in the area near San Juan. The next year Mr. James Thorn 
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Mr. Robert WildermJ.th, and I continued with the survey. We were assiste~ by 
Mr. Rafael Bird, Mr. G .a. • Torruella, and Hr. Octavia Reyes of the Insular 
Experiment Station. One party worked near Ponce, another near Fajardo, and 
one near Isabela. In all three areas sugar centrals contributed part of the 
funds, so we knew that the soil surveys would be put to practical use just 
as soon as they were completed. Ye knew that the soil type boundary lines 
should be as accurate as we could make them; Thus the maps could be used in 
making sound recommendations for land use of specific tracts and as a basis 
for predictions on yields and soil-plant relationships. 

l number of men in addition to those of the first parties worksd 
at various times on the soil survey from 1950 to 1955. These included the 
following: S.R. Bacon, T .E. Beesley, 'W .H. Buckhannan, z.c. Foster, Ralph 
Leighty, M.B. Marco, c.c. Nikiforoff, o.c. Rogers, A.E. Shearin, L.R. Smith, 
and M.J.{. Striker tr..lm the United States; and V .M. Alexandrine,- Juan Juarez, 
Jorge Landron, Ferdinand Mendez, D.A. Rodriguez, Alfonso Reboyras, and 
J .& • zalduondo from Puerto Rico. lll of the men who assisted on the survey 
were college graduates. They did all the work themselves, such as driving 
the cars, examining the soil profiles, digging pits, collecting data, and · 
delineating areas on the maps. The area was inspected by Dr. Mark Baldwin, 
and both Dr. C.F. Marbut and Dr. Charles E. Kelloggvisited the survey while 
it ws in progress. 

The rate of progress was quite variable in the different areas, · 
but on the average a party of two covered approximately li square miles·a 
day. As an approximation, I would estimate that the cost of· the· sutyey, in­
cluding publication, ranged between $60.00 and $80.00 a square mile. Exact 
cost data are not available. · 

. . . 
. The method used in making the detailed soil map or· Puerto Rico ws 
to traverse nearly all the area in a car or on foot at intertals of one 
quarter mile or less. The plane table method (described in the Soil Survey 
Manual of 1957) was used during the first two winters and the.last one. In 
1951 the United States Navy took aerial pictures of approximately half the 
island. These pictures were on a scale of lalO,OOO and were used to good 
advantage in the soil survey. Some of the aerial pictures were made into 
mosaics and reduced to a scale of about 1:401000. ·These were used in the 
field by covering them with thin pyralin paper upon which the natural and 
cultural features were drawn. The method most generally used was one in 
which the lo~tion of the soil boundaries, streams, houses, and other fea­
tures ~s sketched on p,yralin or kodaloid-covered contact prints taken to 
the field. tater the pyralin or kodaloids were compiled, traced, reduced, 
and adjusted to a plane-table traverse of the main roads. No set~ocedure 
was established for examining the eo:Ds.'l'b::V \U:'e ENI!dnedinDJ!IZ])"plPoeal.to clepths 

1. The number of profiles examined ranged widely from area to area. In some 
places 5 or more· sites were examined within t mile of traverse, whereas in 
other places only one boring was made within 1 mile of traverse. 
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rang:h>.g from 5 to 6 feet with a spade and auger, in order to observe the 
variations of the physical and some of the chemical properties of the dif­
ferent horizons of the profile. Dilute hydrochloric acid and pH indicators 
were carried by the field men, and numerous tests were made. Soil samples 
of the saline and alkali areas were collected, and were later analysed with 
the modified Wheatstone bridge in temporary laboratories during raiQy 
weather. 

The general features noted in examining the soil were topographic 
position, drainage, parent material, vegetation, apparent prvouctivity, ero­
sion, and crops produced. careful observations were made of the colour, 
texture, structure, consistence and thickness of the several horizons· of the 
soil. The relative content of organic matter, character and distribution of 
roots and cr~cks, depth to lime, pH values, and other characteristics were 
also noted. These characteristics are approximately the same as Dr. Marbutas 
ten characteristics, given in Dr. RoyY. Simonson's paper, "Lessons from the 
First Half Century of Soil Survey.n I suggest that any of you contemplating 
the making of a soil survey read his paper very carefully. Even during the 
first years of the soil survey of Puerto Rico, no difficulty was experienced 
in using the system or the criteria set up by Dr. Marbut for differentiating 
series. Mapping the soils in Puerto Rico was not greatly cifferent from 
mapping the.soils in the Unitea States -that is, the criteria used in one 
area were also applicable to the other. For a time we were somewhat frus­
trated in trying to name the textures of the soils high in permeable clay, 
like the Coto clay we examined near the Isabela Experiment Station. At 
first we thought this soil shoulc be classified as loam, owing to the ease 
with which it' could be handled in the field. However, we decided to use 
actual particle size distribution.as our basis and classify it as a clay, 
letting the series name take care of the physical characteristics - that is, 
Coto clay would be a permeable clay (probably kaolinitic), in contrast to 
Moca clay, which is a very plastic sticky clay (probably montmorillonitic). 

4t the end of each season official soil samples were collected 
from typical sites of nearly all the soil types. These were collected by 
horizons, and one set was sent to the Soil Survey tivision at Washington, 
and a duplicate set was sent to Rio Fiedras to the Insular Experiment Sta­
tion. Chemical and physical analyses were made on many of the samples. 

If I were to suggest an ideal procedure for making a soil survey 
of the islands in the Caribbean, I would recommend that the following 
materials be assembled before work was started: 

1. Good aerial pictures on a scale of approximately lglO,OOO, with con= 
trolled mosaics at scales of approximately 1:20,000 or lg40,000. 

2. a. good topographic map on a scale of approxi.IM.tely 1~40»0009 made with 
the use of the aerial photographso 
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3. A good geologic map, Yith special emphasis on surface geology. 

4. A good vegetation type map. 

s. Climatic data, such as preoipitation.and its distribution, evapora­
tion, fog, relative humidity, Yind velocity, length of day, amount of 
sunshine, temperature and its diurnal, monthly, and annual pitterns, 
and similar data, for many p9.rts of the area, especially if the cli­
matic conditions are variable from place to place. 

s. As much information as possible on the past. history of land use. 

Yith this information at hand, the soil survey party is far better 
prepared for its York. I prefer fairly large parties, but this must be 
governed by local conditions. In each party, I Yould like to have a geolo­
gist and an ecologist Yith some training in soil science, or one soil scien­
tist Yell trained in geology and another in ecology. I am assuming that all 
the soils men will be Yell versed in agronomy. The better trained the sur­
veyors are in soil chemistry and physics and in agricultural engineering, the 
better the survey should be. 

The area shoulc first be adequately studied by the party chief. He 
should also collect management and yield data on the various crops, grasses 
and trees, insofar as possible. These will have to come from results on ex­
perimental plots and through information from the experience of land opera­
tors. The collecting of this type of data should be continued throughout the 
progress of the survey. The soil mapping should be kept uniform throughout 
the area, and above all it should be adequately revie"Wed and carefully corre• 
lated with other similar areas as the survey proceeds. The correlation 
should be made by a man Yho has had consic1erable experience with similar 
soils and land use. 

I 'Would prefer to use the contact aerial pictures in the field and 
place directly on them soil boundaries, streams, roads, houses, etc., and 
then transfer this information to controlled mosaics or topographic maps, 
"Whichever seem to be the better. 

The report should be prepared somewhat after the pattern used in 
the Soil Survey Report of Puerto Rico but with additional soil groupings, 
such as a grouping of soils into families and more technical groupings 
related to land use. One simple improvement could be made in the Puerto 
Rico soil survey report by listing the soils alphabetically, both in the 
body of the report and especially on the legend of the map. This is more 
evident to us no'\oT that 'We have had time to use the report for a 'While. 

There are also a few "Don' tsn in soil survey work draw from my 
OYD experience. They are as foll.o'Ws: 
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1. DonVt have any more legends than are absolutely essentiaL This \JSS 

one of our greatest errors in mapping the soils of Puerto Rico. IDlen 
we first started the survey we believed that the areas, each approxi­
mately' 150 to 200 square miles, would be published separately, similar 
to the practice of county reports in the United States. Therefore, 
each area had a separate legend. &fter it \JSS decided to publish the 
survey of Puerto Rico as one area, it vas necessary to combine these 
several legends into one for the published map. This caused untold 
grief in the preparation of the final map for publication. Undoubted= 
lySl errors occur on the published map that can be traced to the many 
legends - for example, symbol 25 may have represented Coto clay in the 
Isabela area, whereas in the Fajardo area this symbol may have been 
used for Fajardo clay, and in the Ponce area for Cosmo clay. It can 
be readily seen that errors could easily occur in the published map 
with this kind of procedure. Fortwately, or unfortwately, I -was in 
Vashington during the drafting of this map, and I -was called upon many 
times each day to answer questions regarding the legends. 

2. Don't use the screw (worm) type of auger for most areas if a better 
type of equipment can be obtained. 'l'he screw type auger works fairly 
well in very vet poorly drained sites, but the core, or post-hole, 
type of auger, described in ~ceedings of the Soil Science Society of 
America9 Vol. 1, 1956, pages ~05=506, and now manufactured of light 
weight material, is far superior to the old screw type auger. In rrry 
opinion the screw auger, which has been used for the last 50 years, is 
a dangerous instrument. Sooner or later it may injure the field man's 
bd~k, especially' when used in claypan soils. The greatest ~~nger oc­
curs when considerable force must be applied, at which the auger 
breaks loose from the soil suddenly. 

5. Don't attempt to recognise and show individual series in reconn1. ;_s­
sance mapping. I think it is much better to map soil associations 
than to try to map and name series. In actual practice, this is ~at 
must be done. Series used as mapping units in reconnaissance surveys 
generally cause considerable grief when the same area is mapped in de~ 
tan, or when those earies are mapped in the detailed surveys of other 
areas. In many instances in the past, series used in old reconnais­
sance surveys have necessarily been dropped or their definitions 
changed materially when detailed surveys were tmdertaken. This is due 
to the fact that the mapping wits in the reconnaissance survey actu~ 
ally were soil associations rather than series. 

4. Don't confuse mapping units and classification units. They may or rrfly 
not be identical. Soil types are primarily classification units, 
which may at times also be mapping units. On the other hand, phases 
are mapping units, subdivisions of soil types significant to soil use 
and ma.n~gement. Definitions of phases may need change from time to 
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· time because of changes in agricultural methods, land use, or prices, 
vhereas the soil type (classification unit) should be relative~ 
permanent. 

Severs.l persons ha·ve asked me this question: "If you vera reJJ~Lp­
ping the soils of Puerto Rico, vould you use the same system as you used be­
fore?" My answer was somewhat as follows: "I would not make many changes in 
classification units. As far as I can determine, I would not combine any 
soil series. I might make further subdivisions in some of the series that 
appear to be mapped rather widely. lny additional separations l>rould probably 
be based on differences in profile that are caused mostly by differences in 
parent material. I would make many changes, chiefly additional separations, 
in phases based on characteristics such as depth of profile, convex or con• 
cave slopes, and direction and degree of slope, all features significant to 
land use and management." 

Undoubtedly the classification of series into great soil ·groups as 
listed in the soil survey report of Puerto Rico will need revision. Possi~ 
b~ these groups should have been designated as tentative.rather than final. 
Ve did the best ve could in grouping the series into great soil groups, but 
I am sure that, with the further knowledge we now have, and with the assis­
tance of other soil scientists in the Caribbean area, considerable improve­
ment could be made in grouping these soils. The classification we used 'WS 

not considered the final word when it was prepared; we recognised gaps in 
our knowledge and understanding. 

I sincerely believe that the great soil groups have an important 
place in our classification, and that theY .. should be more easily recognised 
than lower categories, such as the family and series. I believe some people 
have the wrong concept of great soil groups • that is, they think only in 
terms of the ideal ~en looking at a soil profile. If the profile does not 
fit their ideal concept of the great soil group, they may hesitate to clas­
sify it. The great soil groups should be "great" and must be inclusive. I 
have been on a number of field trips in 'Which some member of the party exam­
ining a profile, such as that of a Chernozem, will object to identification 
of the profile with that great soil group. In reality, he is thinking only 
ot the ideal profile rather than of the range of profiles which must exist 
in a great soil group. 

All of us who took the field trip Friday, Saturday, 9.nd Sunday 
were impressed with the effects of' the soil forming factors on the soil 
types we examined. For instance, the Nipe soil. derived from serpentine 
seems to be very highly laterised and appears to be a Red ta.tosol. 'l'he 
catalina soils derived from tuffaceous material are less permeable and 
probably less laterised than the Nipe soil, and would probably be classified 
as Reddish-Brown Latosols. The Coto and Bayamon soils, both derived from 
limestone, have quite contrasting profiles. The former is yellowish, and 
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the latter red. They are both about equallY permeable and friable, and ap­
pear to belong to the same great soil group as the catalina series. The 
Corozo soils, characterised by white quartz sands over an organic hardpin 
.which rests on gray clays, are typical of the Ground-Uater Podzols of tropi­
cal areas. The Coamo soils, derived from mixed old alluvial material on the 
more arid south coast, are typical of the heavy-textured Chernozem soils of 
the tropics. 

I believe all of .us were impressed by the sequence of the Descala­
brado, Mucara and Catalina series. The Descalabrado series is a lithosolic, 
Reddish~hestnut soil occurring on steep south-facing slopes in the vicinity 
of Rincon, where the precipitation ranges from about 55 to 65 inches. With 
increasing rainfall this soil gives way to the Mucara series, a lithosolic 
Reddish·Prairie soil or Brown Forest soil.2 Where the rainfall is more ef­
fective, as it is on concave slopes and nearly level sites within areas of 
the Mucara soils, typical catalina soils are found. Vith even greater pre­
cipitation but with similar slopes 11 the Mucara soils grade into the catalina 
soils. Yithin the larger areas of catalina soils, only the very steep 
slopes are occupied by the Mucara series. Vhere the precipitation exceeds 
90. to 100 inches, even the steeper slopes are occupied by Catalina soils. 
This indicates that, with similar parent materials, but with increasingly 
effective precipitation, the soils change from Descalabrado to the Mucara to 
the Catalina series. In some areas the Nucara and Catalina soils may occur 
side by side with apparently the same effective soil climate. This suggests 
that, in these areas, there is some difference in the parent rock, either in 
degree of hardness or ease of weathering. 

These observations illustrate a few of the interpretations that 
can be made from the soil survey of Puerto Rico. There are many others. I 
sincerely believe that soil surveys, such as the one made in Puerto Rico, 
include flm.damental soil information which can be inter:Preted now for many 
uses. This information can also be re-interpreted from time to time, as the 
state of our knowledge of soils or as social and economic conditions change. 

2. It will require addition.al study to determine to which great soil group 
this soil belongs. 



12. Comment on Puerto Rico Soils 

By J.A.. Bonnet 

The geology, climate, physiography and soils of Puerto Rico were 
discussed and illustrated with maps in the paper that I have submitted to 
this conference. The soil classification procedure followed in three land 
areas of Puerto Rico, to be. irrigated, was also discussed in a second paper. 

In the soil tours, you have travelled through most of the zonal, 
intrazonal and azonal soils described in the Soil Survey of Puerto Rico. In 
a supplementl to this survey it was reported that: "The soil series of the 
humid area of Puerto Rico are about 52 times more acid than the soil series 
of the arid area. The former contains about twice as much organic matter 
and about half the available phosphoric acid and lime. Both contain about 
the same total nitrogen and available potash." 

In the paper2 distributed tonight, you see that 71 per cent of the 
total area of Puerto Rico is occupied by hills and mountains, that about 28 
per cent of its land is adapt~d to continuous cultivation and 65 per cent to 
pastures and forests, that about 46 per cent of its soils are clays, of 
which 19 per cent are lateritic •. The percentage cistribution of each of the 
international soil groups and their respective mean productivity rating are 
also reported. 

Chemical data and pot studies5, using the sorghum plant as an in­
dex, have revealed that, in general, the soils of Puerto Rico are low in ni­
trogen and are well supplied with available potash, and that those in the 
humid region are also low in available phosphorus. 'With regard to nitrogen 
and potash, good correlations have been found with most crops in the field. 
Short growing crops have responded to phosphorus applications, but no re­
sponse has been obtained with sugar cane. Studies with radioactive phos­
phorus are being planned to obtain more definite knowledge ori the role of 
this element in tropical crops and soils. 

1. Bonnet, J .A., Chemical data of Puerto Rico Soils. Correlation of data 
for humid and arid areas. Field response of crops to available phosphor­
us and potash soils, Res. Bul. 1, Agric. Expt. Sta., Rio Piedras, P.R., 
Apr. 1 1941. 

2. Bonnet, J.A., "Broad classification of tropical soils in Puerto Rico by 
various practical systems" 1 Clmllmonw.e~l.tb l3ur. oL..Sail..S.CJe.ch. Com., 46, 
1-4, 1949. 

5. capo, B.G., "A modification of Mitscherlich 1s method for the determination 
of the nutrient contents of a soil", J:._.~gr •. Uni.v. •. r.R., 22(2), 157-170, 
1958. 
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Mineral studies4 have also been a subject of interest. Research 
on foliar diagnosis is progressing at the Agricultural Experiment Station. 
This is a promising tool that will help in a better control of fertiliser 
practices for tropical crops. Multiple .correlation studies done by us in 
the salty land at the tajas Irrigation Project, in southwestern Puerto Rico, 
which you have seen in the tour, is another ~aluable tool for detemining 
when the yield of the sugar cane crop is·depressed by a known salt concen­
tration in the soil. 

The soils around the vicinity of the ashy shale area, where the 
Agricultural Experiment Station at R!o ~iedras is located,- reveal an inter­
esting pattern. Eight different soil series are found. The'red-grey 
mottled subsoil of the Vega Alta series, derived from tertiary limestone, 
which you have seen in the tour, is also found here. A well dug in this 
Tegion revealed the red mottled clay down to a depth of 18 feet, followed by 
silt and clay down to a depth of 33 feet lying over the ashy shale. There 

· was no remnant ~f the limestone, and apparently the soil was derived from 
·the shale. Tonight, Dr. Meyerhoff, well knol.'ll geologist, explained to me 

· that the clay and silt were weathered products of the tertiary limestone 
that overlaid the shale. The soil classification made was, therefore, 

. correct. 

In conclusion, I wish to show you a soft white mineral, brushite 
(H Ca fO ~ 2H20) , found by Nr. Clifford A. Kaye, Geologist, U.s. Geological 
Survey, lYing between the herd limestone floor and the earthy brown ore, 
so-called guano, in Mona Island, located between Puerto Rico and the 
Dominican Republic. 

4. Bonnet, J.A. and Riera, A.R., "Tracinf the mmeral from the soil to the 
plant to the animal blood. Fart I. Effect of lime on the mineral compo­
sition of the soil, of the grass, and on the crop," J. Aer. Univ. F.R., 
30(3), 158-168, July, 1946. 



13. The ~('\·,.~+.1.t.·,w:nt Minerals of Soils, their Determination 
and some Observations on their Occurrence in the Soils 

of Puerto Rico 
By C .D. · Jeffries 

The constituent minerals of soils are considered to be those of 
the feldspar, quartz, mica and clay mineral groups. The study of these min­
erals in soils is carried out by petrographic and X•ray methods on the sand 
silt and clay fraction from which the free iron oxides have been removed. 
The removal of free iron oxides facilitates greatly the separation of the 
various mineral components of the sand fractions, and results in ready iden· 
tification by means of the petrographic microscope. 

With the introduction of the Geiger counter X·ray spectrometer, 
the speed of identification of the constituent minerals in soil has been 
greatly increased. With recently developed techniques, a satisfactory dif­
fraction ):B.ttern may be obtained, in about 35 minutes, which, when compared 
with patterns of known minerals for identification purposes, completes the 
analysis in a relatively short time. These determinations are carried out 
with equal facility on the sand, silt and clay fractions, and, as_ a result, 
a fairly complete picture of the mineral constituents of soils is readilY . 
obtained. 

In 1945 soil samples of 42 of the principal soil series of Puerto 
Rico were obtained and prepared for mineral study. These samples were taken 
on a profile basis whenever possible. X·ray patterns were prepared recently, 
and are now being studied. Preliminary results show that the sand fractions 
in general consist of quartz alone, quartz with varying amounts of feldspar 
(principallyJiagioclase), feldspar alone, and, in some cases, kaolin. Com• 
parisons of the distribution of feldspar through the profile have resulted 
in some interesting observations; in some cases the feldspar decreases with 
depth and quartz increases, in others quartz decreases ~nd feldspar in· 
creases. 

These distributions are of further interest when it was noted.that 
different clay mineral distributions occurred with differences in the feldspar 
distribution in the profile. \.."hen the sand fractions were chiefly quartz, 
kaolin predominated. When feldspar weathered more rapidly than quartz, by• 
drous mica and somer kaolin made up the clay mineral fraction. Under certain 
conci tions hydrous mica was the only clay mineral. In the cases when quartz 
disappeared more rapidly from the profile than feldspar, kaolin and beidel­
lite occurred, and in the ffM cases where the sand fraction was practically 
all feldspar, montmorillonite occurred. Total exchange capacit7 increases 
from kaolin, to hydrous mica, to beidellite, to montmorillonite. 

Yhen this study is completed, it is planned to undertake further 
detailed mineral studies on selected groups of soils of known mineral compo­
sition, as well as field ~nd laboratory investigations. 
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14. Some Observations on the ~eathering of Rocks in 
Puerto Rico 

By Ho~rd A. Meyerhoff 

Soil science has been developed chiefly through the study of soil-
forming processes and their products in the temperate and subarctic lati­
tudes of Europe and North America. One of the severest handicaps to pro­
gress in soil studies in tropical and subtropical environments has resulted 
from efforts to apply the knowledge acquired outside the Tropics to the 
phenomena that occur within them. In the remarks that follow an attempt 
will be made to stress differences and contrasts, without ignoring similari­
ties and comparisons. Furthermore, attention will be limited to those as­
pects of the subject with which a geologist is most familiar: the weathering 
of rocks, the ·yash of weathered material, development of slopes, and topo­
graphic texture in relation to conservation and land use. 

· Puerto Rico consists of an old (Cretaceous) mountain core with 
flanking limestone coastal plains. The mountain core is composed predomi­
nantly of pyroclastic materials of andesitic composition, with rare interre­
lated flows and marine limestones and ashy shales, an folded and intruded 
by small masses of serpentine and andesitic dikes, and by younger and larger 
stocks of diorite, quartz diorite, and granite and granodiorite. The Terti­
ary coastal plains consist of rather localised basal shales of Oligocene age 
overlain by a moderately thick section of Oligocene-Miocene limestone, divi­
sible into formations that yield distinct faunas and distinctive weathering 
and erosional Characteristics. These Tertiary formations are broad and 
elevated in the west, but narrow eastward~ disappearing (probably by a com­
bination of overlap and submergence) in the vicinity of Loiza (viejo), just 
east of R:!o Piedras o 

The island enjoys a humid climate, ranging from a small area of 
rain ·rarest in the Luquillo Mountains to the subhumid districts between 

·Isabela and cape Borinquen in the northwest and the coastal foothills in the 
rain shad.ow of the Sierra de Cayey and Cordillera Central fronting the 
Caribbean. The mean annual range in temperatUl'e is a scant 100, though the 
diurnal range may be as great as ~oo. It follows that decompositional pro­
cesses are prevalent· over disintegration in the weathering of rocks and 
soils, but one must not overlook or underestimate the importance of mechani-. 
cal wash that results from the frequent torrential rains. 

. . 

In the temperate zone students of weathering and erosion have 
fixed ideas about relative rates of rock decay, and it is considered axio­
matic that granites and related coarse-grained igneous rocks are resistant 
to·weathering and eros~on, as are conglomerates and sandstones; shales and 
limestones are non-resistant, though for di~ferent reasons. In Puerto Rico 
and other humid-tropical and sub-tropical lands, these axioms of the Temper­
ate zones are misleading and worthless,_ and new standards of reference must 
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be developed. Probably the best rock type for use as a standard of·refer­
ence is limestone, though there is marked variability in texture, impurity 
content, etc., among limestones. Nonetheless, it may be assumed that, under 
similar conditions of temperature and precipitation, pure crystalline or 
semi-crystalline limestones will dissolve at subequal rates regardless of 
location. The time in which solution will progress in Puerto Rico as com­
pared with Virginia may be shorter, but s9lel.y because most of Puerto Rico 
has 50% more rainfall than Virginia, and there is no winter season to arrest 
solution. The solubility rate, however, is the same within an uppor limit 
controlled by the saturation of groundwater for CaH2(C03)2• 

Applying the conclusion that the solubility rate of limestone is 
subequal in all humid areas with essentially equal amounts of precipitation 
and comparable groundwater temper~tures, we have a basis for establishing 
relative rates of weathering and erosion in different rock types. To anyone 
accustomed to temperate zone phenomena, the results are extraordinary to the 
point of being paradoxical. The folded Cretaceous limestones form resistant 
ridges that exhibit topographic prominence in their lithologic surroundings~ 
Tuffs, tuffaceous sandstones, andesite porphyries, ashy shales, and most p,y­
roclastic breccias weather and YBsh more rapidly and are reduced to lower 
topographic forms. Even the granitoid igneous rocks are reduced at greater 
speed, as the ~owland east of caguas and the depression along Rio.Caonillas 
demonstrate with reference to surrounding volcanic materials rather than 
limestones. The only apparent exception - the large intrusive mass composing 
the Sierra de Cayey - is exceptional only in size and location: its huge di­
mensions and its divide location are both protective features that have kept. 
the interior of this range high in elevation (BOOO• +). 

It has not been determined whether the speed of chemical decompo­
sition in the Cretaceous volcanic rocks of Puerto Rico is accelerated by.the 
extensive hydrothermal alteration that these rocks have undergone. That is 
a possibility calling for further investigation. However that may be, de­
composition proceeds with a rapidity that discon·certs the Northern experts 
and leaves them incredulous regarding many elementary phenomena. V.eathering 
of the volcanic rocks yields clay or loam, depending on the presence of free 
quartz in the parent material. Residual clays and loams form so fast, even 
in areas of deep dissection, that wash, creep, slides and other gravity-con­
trolled mass movements impart· to the hill and mountain areas uniform slopes 
approximating the angle of repose (31°- 350) as.an"upper limit, regardless 
of vegetative cover. Heavy precipitation carves such areas into fine-tex­
tured topography, and the combination of fine texture and steep slopes makes 
the country bafflingly similar ~' appearance to the topography developed 
in arid to semi-arid regions in the temperate zone. 

Regardless of precipitation, slopes as steep as those ch~acteris­
tic of interior Puert? Rico would be condemned ~or agricultUral use anyWhere 
in the United States, and soil conservationi~ts ~rom the mainland find it 
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oifficult to readjust their thinking to the contrasted soil-forming pro­
cesses active here. In the United States rocks oecompose so slowly that 
slope wash on unprotecteo declivities outstrips.rock decay, and fresh rock 
is quickly laid bare. In Puerto Rico this can happen, though more slowly, 
and on11 where a crop with low soil-protecting potential - e.g., tobacco -
is raised on slopes approximating the angle of repose. 

Too much protection, in fact, is fatal to fertility. I am in­
debted to Dr. Jeffries for figures that give statistical and quantitative 
point to my own qualitative observations. He informs me that soils contain­
ing feldspar have a productivity rating of 2.8(?), in contrast to those 
lacking feldspar and in which the productivity index is 6.5. The volcanic 
and igneous rocks, except the serpentines, all have high soda-lime feldspar 
contents, but the feldspar decomposes quickly. It follows that it is both 
beneficial and essential for slope erosion to proceed at a rate that will 
bring new feldsparhic ingredients within the sphere of plant use. One 
noteworthy exception must be made: the diorites and other coarse-grained ig­
neous rocks undergo initial decay along crystal boundaries, and the rock 
breaks down into a coarse sub~soil composed of the individual mineral grains -
a process which I have named granulation. The products of granulation \JSsh so 
readily that prolonged vegetation protection·is required to promote mineral 
decay to the point of plant use. In such rocks all the standard methods of 
soil conservation 1n use on the mainland may be called for, but elsewhere 
fertility oepends on controlled erosion and, in the lowlands, on periodic 
floods. To arrest these processes imperil~ the fertility of the land and 
the subsistence of the dense agricultural population that lives on the land. 

Many other aspects of weathering invite discussion, and several of 
them have been dealt with brief1y - and superficially - in the other paper I 
prepared for this conference. The high-iron laterites formed from the ser­
pentine and the high-alumina laterites that are associated with certain 
Eocene limestones in the Dominican Republic, Haiti, and Jamaica raise Il1lny 
interesting questions regarding lateritisation and the weathering of lime­
stones in general. Exhumed soils and some of the transported soils present 
special problems for consideration and further investigation. Obviously the 
subject of soil formation is ramified and complex, and I can mere~ hope 
that these geological notes and observations will throw some light, however, 
faint, on vital problems in soil science, land classification and soil con­
servation. 



15. The Sc ils of the French 'West Indies and especially 
those of Martinique 

By H. Stehle 

I. GENERAL INFORMATION: Position of French Islands very scattered; for ex­
ample: Dominica (B.U.I.) lies between Guadeloupe and Martinique; St. 
Bartholomew near Puerto Rico. (Map of location and zones of the Archi-
pelago distributed). · 

1. Ns.rtinigue: South of the Antilles arc ('V~t'ldward Islands). 

2. Guadeloupe and Dependencies: North of Antilles arc (Leeward Islands)• 

Guadeloupe: two Islands: (Grande-Terre 
( 

Depencencies: 

a) Nearby 

b) Distant 

(GU$deloupe (stricto sensu) 

(Harie-Galante 
(Des ira de 
(Saintes 
(Petite-Terre · 

(Saint Bartholomew 
(Saint Martin (half .Dutch) 

The political and administrative divisions based upon geography 
are not those necessarily considered by pedologists and ecologists. 

II. SOIL FACTORS: The main soil factors in the French West Indies are: 

1. Farant-rocke: Great diversity: labradorites, syenites and basaltic 
rocks in Guadeloupe; dacites, labradorites and andesites in 
Martinique; zoned labradoric rocks in Saintes; volcanic ash and dust 
deposits in the two largest islands· (igneous formations). 

Limestone: Miocene in Grande-Terre, Desirade, Marie-Galante; calcare­
ous oligocene superior deposits in Martinique: north (Trinit6) and 
south (Vauclin, Ste. Anne)a (sedimentary formations). 

aternar alluviums: tamentin Coastal Plain in Martinique (fertile). 
1ape in coloured crayons ehowe£.7. · 

2. Climatology: Map of climatic zones of Martinique from 1 m. of rain­
fall (Caravella) to 8 m. high average (Mt. Pelee): 8 zones showed 
from coast to the centre of the island, greatly influenced by the 
main lines of relief, altitude and forest.· 
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The principil factors of climate are: 
• 

(a) Frecifitations: Amount and· distribution during the year (varia-
tions • 

(b) Atmos eric hurnicit : Complete saturation under trees in forest 
10 ; not in dry districts. 

(c) Temperature: Average around 240C, but variations indicated in 
Caribbean Forester (Suppl. 1945-46). · · 

(d) Winds: Action on the soil. Erosive factor and upon evaporation 
for soil and plants. · 

(e) Evaporation and Insolation: Diagrams showed, Maximum during 
February and Narch. 

Necessity for studies of combined factors: 

Aridity index of E. de Martonne (France: i•~ (P • rainfall and 
10 t • temperature) 

Xerophytic districts: 25 < i < 50 
Cultivated .lands: 50< i ~ 75 
Non arid zones: <i<20 

St. Bartholomew Island: driest island of F.W.I.: i•27.7 . 
Hythergraph.s and Cl:1mo~ . .for dry and rainy p:1rts are showed. 

5, Natural Vegetation: Forests, pastures and cultivated lands. Dis­
tribution very intermixed. Main forest types (Map of Archipelago, 
July, 1944 and coloured msps drawn). Corresponding types of 
J.S. Beard (1949). 

(l) Mangrove (swamp fo~tion) 
(2) Xerophytic forests (coastal woodland, evergreen bushland, de­

ciduous seasonal forest and dry scrub woodlands) 
(5) Mesoph.ytic forests (calcareous and volcanic facies): semi-ever­

green and evergreen seasonalwoodlanes. 
(4) Hygrophytic forests: rain forests and lower montane rain forests, 

and · 
(5) Altitudinal forests (alluvial, volcanic and culminating facies): 

elfin ,roo c'lland, montane thickets, palm brake. 

4. IQpography a·nd fhysioeJ.aphy: Plains, plateaux, mountains of various 
types and slopes are briefly discussed for Nartinique and Guadeloupe. 
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The slope is the main factor for erosion action, and man adds an-
other inf'luence. · · 

. , . . 

s. Microbiology: Example given: Ash of Mt. Pelee: Possibility of crop 
plants only after the establishment of' microbiotic-flora, princi-
pally of nitrogenous l:acteria. · 

III. tRESENT STATE OF PEDOLCGICAL KNOWLF.DGE: See the }t'lper presented at this 
Conference by H. & M. Stehll: Four perioos are sketcheo from Pre-colum­
bus Caribs to the present time. 

Report by Blanche ano Stehl& S'l.lDliiarised in caribbean Commission 
Monthly Information Bulletin, October, 1949, on regional programme of Soil 
Survey. 

IV. APPLICATION OF SOIL SURVEY TO IAND UTILISATION& Map of' present land use 
explained: sugar cane land, banana plantations, cocoa, coffee, pine­
apple crops, fooo plants one coconut trees along the coast lane. 

Generalities respecting the relationship between crops, soil and 
climate: pineapple at Trinite (Martinique) in acio soils, Jii near s.s ano 1 
m. 80 ra~all, on lateritic clays similar to Catalina clays (Puerto Rico). 

Sugar cane with 11 ra toons in certain fielos of Lament in plain of 
Nartinique with alluvial soils of quaternary geological perioo. 

Bananas on cacitic soils of Carbet Mt., ]ii•G, Si02•6~ ano Cao-5% 
only. Dacitic soils are the most acio. 

In general: time, physical state of the·parent rocks cohesion be­
tween stone elernents, mass, pH (often 4~pH<6.5 in acid soilsL with ero­
sive aeents. Disintegration factors are prevalent. 

The ection of man must be taken into consideration because the land 
has been under cultivation for more than three centUI1as. Tobacco, ginger, 
indigo and various spices were the first crops. 

V. IAND IMFROVENThlT. CONSERYATICN AND RENCYATIONa More detailed maps on 
geology, climate, vegetation, topography, and aerial photographs show­
ing land utilisation, etc., are necessary for Martinique and Guadeloupe. 
The preparation of these should be ~dertaken by specialists. 

For general policy, Coca Forestier of France must serve as basic 
principles for soil conservation, and is a good example for the whole of the 
VI est Indies. 
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VI. CONCLUSION: Ve must follow the lesson of spontaneous vegetation that is: 
strength, harmony, equilibrium and continuous life, It is our duty to 
undertake systematic renovation of soils and protection against erosion, 
which turns the fertile lands into desert countries and takes to the sea 
the best of our national patrimony • We must conserve the soil in the 
Caribbean Territories for the future generations. 



16. Report on the Action Taken by the Forest Service 
for the Conservation and Improvement of the Soils of 

Guadeloupe . . 
Ey P. Moulin 

. ' . 
. Every problem posed by erosion, conservation .and rehabilitati.on of 

soils in tropical regions is connected with the Hgneous formation· •. It. is 
generally admitted that the formation and, evolution 'of .soil depends on the. 
fo:ur following factors:. · 

Climate 
l'arent Rock 
Topography 
Vegetation 

If two of these factors (P8.rent rock and Topography) are entirely imposed by 
nature, the other two (Climate and Vegetation) ~y be more or less modified 
by m!ln. · 

Moreover, the influence of forested mountain mas~es on the. local · 
climate. is recognised, and the part played by. forest vegetation on the f'or~. 
mation of humus and the decomtosition of the rocks has been described at · 
length. 

Specialists in forestry have, therefore, a great responsibility in 
elaborating programmes for the protection and improvement of the soils. 
After having taken pedological control measures, they must indicate. whether, 
in the particular· cases studied, methods employed in forestry can produce 
satisfactory solutions 'Which are likely to be in accordance'"With.the teCh­
nical propositions of other services and, furthermore,·they must take into 
consideration the social and econorn.ic needs. When, ho"Wever, a programme bas 
been draYD up and approved, the business of .implementing it still remains. 

The limiting of the felling of forests and the reforestation of 
worn out lands, which are measures of the utmost importance, arouse the ill 
'Will of those who benefit from cultivations in forest clearings and of those 
Who do not 'Wish to, or cannot, advance the money necessary for forest recon~ 
struction work. 

Fortunately, the Forest Service has means.of action. In order to 
protect the forests, forest guards may now make charges against persons for 
infringement of forest regulations. The number of these guards is now suf­
ficient, and they are supported by a severe regulation of the French Forest 
Code in tracking down offenders. This regulation provides very heavy fines 
for unauthorised felling of trees in,particular. 

In Guadeloupe, it may be said that the Forest Inspectors have 
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practically put an end to careless cutting of timber, by C!ei'ining the bound­
aries of State land, and b,y rigorously pursuing persons guilty of offences 
against the forest regulations. 

On the other hand, the Forest Service Yhich is greatly indebted to 
the comprehensive forest policy of the Prefect, M. Philipson, has at its 
disposal at present important credits from the genera~ budget, the National 
Forest Funes, and the Funds for equipnent of Overseas tepartments. It has 
been able to unoertake important improvements on State property and to as­
sist private reforestation to a large extent, by taking charge of the York 
When the interested party so desired. 

The Administration is at present studying requests for the refor­
estation of mofe than 51 000 hectares of impoverished lands Yith very super­
ficial soil. 

The Forest Service, however, is not systematically opposed to all 
felling of trees; it pays cue regard to the neecs of agriculture. Thus, 
lest the it~bitants of the poor forest villages on the leeward coast, w.ho 
have not enough land for cultivation, should cut down the trees on the 
slopes Yhere the conservation of the soil is dependent upon the presence of 
the forests, the Forest Service bas established a project for clearing a 
part of the virgin forest on the plateau. This cleared land will be served 
by a. forest route, and is intended to tempt the population to migrate thither. 

The implementation of this project, which would provide a[Sinst 
dangerous deforestation, would have the further advantare of establishing a 
specialised labour force Ybich may be used for ~nagement and exploitation 
all along the most important forest route in the Department. 



17. General Conditions in the Dominican Republic 

By Miguel Cesteros 

The Dominican Republic, with an area of approx:in~.·-~J;y 19,121 
square miles, and a population of 2,151,000 inhabitants, occupies the east­
ern portion of the Island of Hispaniola, which is situated between Cuba and 
Puerto Rico. 

Its sub-tropical climate makes it suitable for the production of 
various agricultural crops. 

The Republic occupies about 82 million tareas (a tarea is a 
Dominican measure equivalent to 90' x 90•), of which 52 million are set 
aside for the development of agriculture and animal husbandry. Of these 52 
million tareas, there are actually about 16 million which are mder cultiva­
tion or used for pasturing animals, that is, about 20% of the total area of 
the country. The remainder of the land is situated in the five chains of 
mountains which are found there. It is covered with forests, approximatelY 
12,000 tareas of Which consist of pines native to the.island and certain 
valuable timbers. 

These mountains rise to heights exceeding 51175 metres, the high­
est altitude in the West Indies. The hig~est peak has been named Trujillo 
Peak in honour of the President. 

The topographic conditions of our country may be deduced from this 
short sketch, as also the susceptibility of our lands to erosion. 

The heavy downpours of rain, the antiquated methods of cultivation, 
the ambitious exploitation of our timbers, the necessity of many of our 
farmers to settle on these lands in order to obtain their food,·the big 
fires that frequently originate in our forests, etc., are important factors 
which have contributed to a rapidly increasing erosion which threatens our 
very means of existence. 

Fortunately, the Government, inspired by sound principles for con­
serving the national soils, is taking the first steps to~~rds reducing the 
effects of erosion and a Department of Soil Conservation is already estab­
lished and is attached to the Department of Forestry and Agriculture. 

This, however, does not mean that the problem has been solved in 
any waye 

The lack of technical men qualified in this field reduces our ef­
forts and makes it evident that the road ahead may be a long and hard one. 

At present the Republic has two experts in soil conservation, who 
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qualified in the United States under the auspices of the Department of Agri­
culture of that country and we are earnestly endeavouring to instruct the 2 
million inhabitants in the dangers of erosion, 

Fortunately, assisted by the campaign of propaganda which is being 
carried on throughout the world, sponsored by the United States of America, 
we have succeeded in awakening in our people an awareness on the subject of 
erosion and its dangers. This is the first indispensable step towards corr 
bating erosion. · 

Our next step has been to begin instructing members of the staff 
employed by the Department of Agriculture, and to open various stations for 
demonstrating the methods of combating erosion and improving land use. 

Nevertheless, as you all know, after making the aerial photograph 
of the.soils, which is already very far advanced, the soils must be mapped 
and classified and, unfortunately, we have no technicians who are capable of 
carrying out this necessary task, 

This is a problem with which other countries of the Caribbean are 
faced, and one of the most interesting points which I think this Conference 
should consider and endeavour to solve. 

Perhaps it might be rossible to arrive at a satisfactory agreement 
whereby all the countries borc~ring the caribbean may be able to enjoy fully 
the technical cooperation of the countries which can assist in this way and 
even to obtain economic assistance; for you know, that there are many peoples 
in the Caribbean whose economy ~es not permit them to enjoy the necessary 
resources for those labours. -. 

The struggle against erosion is a battle to save humanity from 
possible disappearance and, therefore, countries that possess the economic 
resources-that are needed should not hesitate to extend their aid to coun­
tries which lack them, for in the end, the consequences of the fall of the 
weaker countries will rest on the shoulders of the survivors. 

. Therefore, I take the opportunity in this short statement, to make 
the following suggestions which I ask that you bear in mind in making your 
recommendations: 

1. The establishment of an Institute in the Caribbean area whose essen­
tial task will be-the directing and organising of propaganda for the 
purpose· of awakening an awareness in all the inhabitants of the area, 
which ~ill enable them to understand, in all senses of the word, the 
fatal consequences of erosion and the urgent necessity for everyone to 
join in combating it. 
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2. That this Institute be responsible for supervising, directing and 
~iding all work connected with the Conservation of Soils in the 
entire Caribbean area. 
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3. That experts qualified in all branches of the subject should work 
under the control of the Institute, so that their services may·be 
available under a wide programme for international cooperation, to 
all the territories of the caribbean that may require them. 

4. That economic assistance be given to the countries that lack the 
necessary resources, so that they may not be left out in the great 
crusade against soil erosion. 

It seems a utopian idea to think of the implementation of this 
project unless the concessions provided in President Truman's Point Four 
Programme are made available to us. 

It is now the task of the Caribbean Commission to make the neces­
sar,y·approach to World Organisations which have been created for this pur­
pose, in order that this project may be put into effect. 



18. Soil Survey and Land Classification in Colombia 

By Jos6 V. tafaurie Acosta 

Area covered by the survey approx. 2,soo,oop acres. 

Types of survey: 

I. Zone vi th slopes from 0 - 1~, very detailed soil survey, area sur­
veyed, about 500,000 acres •. 

Il. Zone with slope over lOfo, not very Cletailed soil survey - area sur­
veyea, about.2,ooo,ooo acres. 

Base maps: 

A.erophotographic. The job or the survey is translateCI to a very 
accurate geographic chart - Scale 1:501 000 ana another 1:20,000. 

Detailed survey: 

(1) The aerophotograph is the base Jl¥1p. 

(2) Ve classifieCI in- the fielCI the soil type: that is our tmit of classi-. 
fication. The soil types are groupeCI in series, and these are clas­
sified in great soil groups. Each soil type is analysed chemically 
and physically. 

(3) Each type is classifieCI according to: 

Slope: o .. J.%, 1-~, 3-5%, 5-12%, 12-25%, over 25%. 

Erosion: No erosion, slight erosion, meCiium erosion, severely eroCied 
soil. 

Stoniness: Stone on the surface, or in the profile, over 50%. 

~: Each type of soil is te~ted with HCl aciCI. 

Farm Boundaries; :T~e boundary of each farm is surveyeCI, similarly the 
internal boundaries. 

A report is prepared dealing with: 

(a) Geology and physiography of the Zone; 
(b) Climatology; 
(c) Description of the soil type; 
(d) Crops that are more successful in each soil type - and so forth. 
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Ye then make the land classification of the area surveyed and the 
map of land utilisation. 



19. Soil and Agriculture Conditions in Guatemala 

By C .s. Simmons 

Guatemala, the northernmost of the Central American Republics, in­
cludes the western end of what I believe is called the Antillean Cordillera 
by Schubert. It is, then, physiographically related to the.islands of the 
Caribbean, and perhaps has many soil characteristics that are comparable to 
these areas. It includes about 48 1000 square miles, approximately the area 
of the State of Tennessee or the Republic of Cuba. The Republic is irregu­
lar in shape. It lies immediately south of Mexico and north of B· lduras and 
El Salvador. Guatemala City, the capital and largest city, is situated at 
140 North latitude and goq.r. longitude. It is almost directly south of New 
Orleans, Louisiana. 

Soil, ~limate and vegetation characteristics are.probably as va-
ried as any area of similar size in the world; elevation varies from sea 
level, at both sides, to over 14,000 feet at Volcano Tajamulco near the 
western border, and a sizable part is more than 7 1000 feet above sea level. 
Perhaps the most outstanding physiographical feature is the line of volca­
noes that roughly parallel the south coast about 20 miles inland. Rainfall 
ranges from more than 150 inches, at an elevation of about 3,000 feet on the 
Pacific slope, tg less than 30 inches in parts of the East. Vegetation va­
ries from dense, high rain forest, both on the Pacific slope and in the, 
north, to scattered xerophytic shrubs, cactus, and grass in the dry parts, 
and includes alpine associations of fir and pine on the high mountains. 

Temperatures are generally high, especially during the day, but in 
the higher areas frosts are common from October through February. Snow is 
practically unknown, as the cold season coincides with the dry season. 

As far as I have been able to learn, no physiographic studies have 
been made; therefore, tentative divisions have been proposed. On the south 
is the Pacific Coastal Plain, a low, flat plain that averages about 12 miles 
wide. This extends from sea level to an elevation of about 500 feet, and 
has a uniform gradient of about 1 per cent. Between this and the line of 
·volcanoes is the Pacific Piedmont -a region of coalescing alluvial fans. 
This has been Clivided into Lower and Upper subdivisions or sections. The 

· Lower Pacific Piecmont section is about 6 miles wice, and extends to an 
elevation of about 1,500 feet. The gradient ranges from 7 per cent in the 
upper part to 2 or 5 per cent in the lower. The Upper Pacific Piedmont ex­
tends to the foot of the volcanic cones, a distance of about 4 miles, and 
has a maxinrum elevation of about 51000 feet above sea level. The gradient 
ranges from 22 per cent at the base of the volcanoes to 7 per cent at the 
lower edge. Inland from this is the narrow band of volcanoes, some of which 
are still active. Thd central part of the Republic is a dissected Interior 
Plateau that will, when more data are in, be subdivided. It ranges in 
elevation from more than 71000 feet in the west to about 3,000 feet above 
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sea level in the east. A prominent feature of this region is ash terraces, 
nearly level, flat-topped, remnants of ash plains. Many are relatively 
small, undissected valley floors or 11bolson11 valleys surrounded by mountain­
ous land, but most are highly dissected remnants of old ash terraces. Some 
of these include several hundred square miles. The ash deposits are largely 
of pumice and, in many places, are several hundreds of feet thick. Dissec­
tion is in a young stage, consisting of sharp-lipped barancoes or gullies, 
many of which are more than 200 feet deep. North of this plateau is the 
Sierra Hadre or Cuchamatanies Highland, the western end of the Antillean 
Cordillera mentioned above. This is a region of uplifted limestone that, in 
places, reaches an elevation of more than 10,000 feet, but in most places is 
about 51000 feet above sea level. It is a rugged, broken region and has 
considerable karst. The Northernmost province is the Peten or Yucatan Low­
land - a nearly flat limestone plain, pirt of the Yucatan Peninsula. This 
ranges in elevation from about 1,000 feet in the south to less than 500 in 
the north. There are other prominent features, such as the Sierra Cle las 
:Hinas in the Central-North Coast, about which I co not yet have sufficient 
information for classification. This is a region of uld igneous and schist 
rocks. 

The soils of the Facific Coastal Plain appear, from studies mace 
to date, to consist largely of light coloured clay soils on redcish-brown 
clay subsoils. They are neutral in reaction, plastic when wet, but fertile, 
and, with proper management ana irrigation, shoulc be highly proCiuctive of 
fooc, forage and fibre crops. The rainfall ranges from less than 40 inches 
near the coast to about 100 at ~he inner margin. It is principilly used as 
pasture at present, with only a small portion improved. It is my opinion 
that·this is the part of Guatemala that can be most easily and successfully 
exploited and improved. Incluce<l in this region are extensive areas, I co 
not yet know hoH erlensive, of sanoy loam to silt loam soils Cleveloping on· 
saney eeposits. These are very eark brown to a depth of about 15 inches, 
have a high content of organic matter, are very friable and, when irrigated, 
proeuctive. It is on this soil that the United Fruit Company have the suc­
ceDsful banana plantation at Tiquisate. 

Tte Lower Pacific Piedmont is characterised by deep, friable, dark 
coloureCl soils. The surface layers are da.rk-bro"Wll silt loams or clay loams 
to a depth of about 20 inches. The subsoil is distinguished only by a 
Hehter colour; there is no appreciable texture change. The reaction is 
slightly acid to neutral. Rainfall ranges from about 100 inches at the 
lover p:1rt to 150 inches inland. This is the area where practically all of 
the cane is grown, but corn, rice and bananas are important crops, and some 
cacao and coffee are produced. · 

The Upper Pacific Piedmont is also characterised by deep, friable, 
dark-coloured soils. The surface layer in many places is a very dark brown 
silt loam that is more than 25 inches ~hick. These subsoils are yellowish-
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brown silt loams or. silty clay loams, but in most places there is little 
textural change from surface to subsoil. The apparent specific gravity is 
less than 1, and moisture holding capacity is high. Reaction is slightly 
acid to neutral. Rainfall in this region varies from 150 to more than 200 
inches; the highest rainfall occurs at elevations of about 5,500 feet above 
sea level. Coffee is the principal crop. In many places this is inter..;· __ -
planted with bananas that not only serve as shade trees but also bring in 
considerable revenue. Cinchona_ is also grow in the upper part of this 
region, but plantations are not, at present, being expanded. 

The volcanic zones consist largely of unconsolidated volcanic ash. 
The slopes are steep, about 65 per cent, which appears to be the angle of 
repose t~r this material. It has been noted that the soils of the Facific 
Piedmont have developed largely on pumaceous material, but the cones are al­
most entirely or dark coloured, perhaps matic, material. There appears to 
have been at least three stages or volcanism; an old, represented by Volcan 
Zunil; an intermediate, represented by V. Santa Maria and V. &gua; and a re­
cent, represented by V. Fuego, not to mention Santiaguito, an active volcano. 
This last is not contributing material to the surrounding area at present. 
It -was born in October 1902 at the base of V. Santa Maria, when this volcano 
explot,t9d and buried more than one hundred square miles under ash, in many 
places to a depth of 10 feet. The area of volcanic cones is not cultivated, 
but a soil has developed to a depth or 20 em. from the fresh ash that fell 
in 1902, and coffee is planted on this. 

The soils of the Interior Plateau are extreme~ varied in character, 
depending on age and kind of material, rainfall, dissection and other factors. 
The important soils occur on the broad ash plains on gently undulating to 
nearly level relief. The surface soils, to a depth of about 10 inches, are 
dark brown .clay loams. The subsoils are brown clays that grade at a depth 
between 4 and 8 feet into partially decayed pumice. This material is weakly 
~emented, road cuts are ·made with perpendicular sides, and there is no ap­
preciable ·sluffing. These soils are fertile, potentially productive, but 
are at present, after perhaps 1000 years of continuous cropping with no man­
agement other than planting, hoeing and harvesting, in what I have called 
"equilibrium with starvation". The average yields are about 14 bushels of 
maize per acre, but accurate data are not available. Reports have been made 
that the yield trebled attet{two green manure crops were interred. Corn and 
wheat, continuous or in relation with each other, are the principal crops 
grown on the flatter areas, and corn in a shifting system of cultivation, 
"milt:B", on the sloping lands - black beans, a staple food crop in Guatemala; 
are interplanted with corn. 

The limestone soils of both the Sierra Madre and the Paten Lowland 
consist principilly of Rendzinas, which need no description here, and of 
deep soils resting on limestone. Tlle latter vary in characteristics, but a 
common soil is characterised by a very dark brown silt or clay loam surface . -
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soil that is about one foot thick. The subsoil is reodish-brown clay that, 
with some sub-horizon differences, rests on limestones. Depth to solid rock 
varies from 5 to as much as 20 feet. The subsoil :I.s extremely acid, as low 
as Ji1 4.5, and this is one of the few acid soils occurring in Guatemala. 
Corn, in shifting agriculture, is the princip.l crop in the western and 
highest part of this section. & large part, however, is isolated from com­
munications and is not cultivated. The eastern part, in the region of Caban, 
is an important coffee growing region. The Peten, about one third of the 
area of the Republic, is sparsely inhabited. It is in a wild gat~ering 
econoiey"; chicle and mahogany are the principal crops. 

Tle are presently making a Reconnaissance Soil Survey of the entire 
Republic. This to serve as a basis for agricultural research and exploitatioi 
or developnent. 

Over the greater part of Guatemala a system of shiftiilg agriculture, 
locally called 11milp.•, is practised. Vith the exceptions of a few places 
where population pressure is hea'V)", this has been adequate to support the 
people and protect the son. \fe are, in InY' opinion, on the threshold of a 
more intensive agriculture, and I fear that, with the use of machinery and 
fertiliser, not accompanied by the incorporation of organic matter, soil 
damage will result. 'Ve already have some reports that, after a few years 
use of con:mercial or "chemical" fertilisers, sons are becoming hard. This 
is especially dangerous in the sloping or hill lands, as I fear serious ero­
sion must surel,y ·r-ollo\1 the depletion of these sons, should continuous cul­
tivation . be &~\emp\eCI.: Our opporilmi'\7 lies in-developing· a· s,.s~em or cul­
tiva~ion for· thesetlaDds that will permit sustained production at a high 
level or productivit,.. 



APPENDIX C 

(a) Field Trip I 

First Day: Friday, March 51, 1950 

1. Travel along highyay No. 1, an old historical hifhYBy first built by the 
Spaniarcs to connect San Juan, (250, 25l)X anc Ponce (119,087) 1ri the 
south. 

2. ~: R!o Piedras (991026), with Central San Jos~, a sugar cane factoryo 

5. Ripllt: A. new concrete highYBy is being constructed. ·The exposed roadcuts 
. reveal the red Fajardo clay (p. 275)XX. 

~ ·:. 

4. The first bridge you cross is the "Los Frailes", one of the oldest 
Spanish bricges in the Island. 

5. vie are now leaving the' terrace country anc are entering the hill country 
with its brown· shale soils. The shallower shale soils are called Hiicara 
(p. 215-214); the ceeper soil.from the same parent ~terial on more roll-
ing topoo-aphy is called Juncos (p. 214) • · 

.. 
6. On the steep slopes of these hills sut::ar cane is gro"tom. · 1:here the sugar 

cane trash is usee as a mulch, good erosion control is obt~ined. Cn 
slopes of 45 per cent or less, the soil loss is probably less than 1 ton 
per acre per year where trash is use~ as a mulch; ~he loss ·is more than 
10 times this when the trash i~ burned, accorcjng to erosion plot Oa.ta. 

7. (Km. 26.4) on the right hand siae of the road. is a Torres clay (p. 267-68) 
· profile exposed by road cut. This lateritic soil is derived from materi­
al YBshed from the catalina~ Cialitos, and associated red and purple 
lateritic soils of the humid upland sections • .. 

x Population - Estimated population of Puerto Rico as of July 1, 1948. 
Information taken from Annual Book of Statistics of Puerto Rico, Fiscal 
Year 1947-1948 • . 

xx All page references are given for the Soil Survey of Fuerto Rico by 
R.C. Roberts. 
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8, t:nny tobacco fields can now be noticed on either sic~e of the road, in 
this area, many of them on rather steep slopes, The broad valley ~hich 
~e enter approaching Caguas is the Caguas valley, a large area of level 
land \.Jithin the interior of the Island, at elevations between 60 and 100 
metres above sea level, On the hills of the valley border, sugar cane 
is grO\m on slopes up to 60 or 70 per cent, except where the soil is too 
shallow, 

9. The city of Caguas (62,459) is the largest within the interior and 
fourth largest city in Puerto Rico, 

10. ~: As we leave caguas, we see a new housing project where a large 
number of concrete houses is being completed, 

11. Intimately associated with the shallow Nucara soils of this section is 
the Naranjito silty clay loam (p. 215), It is a reddish-brown soil de­
rived from tuffaceous rock and more acid than the :Hucara ~ 

12. The steep slopes of these mountains are planted to tobacco, usually 
followed by corn or beans and then by volunteer grass, 

15. (Km. 46,2) This road cut reveals oeep, reddish upland clay soil derived 
from andesitic tuff and tuffaceous shale, Catalina clay is well repre­
sented here (p. 185-188), 

14. This is an old tobacco area, but most of the tobacco has been replaced by 
sugar cane. The system of ditches for tobacco drainage presents inter­
esting patterns on the mountain side, This is the so-called "diamond 
ditch" system with which soil erosion losses are heavy, 

15. Stop for 20 minutes at Km. 51,4 to inspect the deep upland soils, 
Dr. R.H. Smith and Mr. J.P. Cordova ~ill discuss soil conditions found 
here, 

16. 1-Te now turn to Road /122, leading to Cidra, 

17. (YJn. 20,7) Observe the deep Catalina soil (p, 185-188) revealed by the 
road cuts, 

18, Stop for 20 minutes at Hr. Fiddler's farm (Km. 16) ~here Hr. Allison, 
Director of Soil Conservation Service, will discuss the soil conserva­
tion work on this farm, 

19. This is the town of Cidra (20,116) at an elevation of 425 meters above 
sea level. vte turn to the left to Road No, 49, 

20, On Road 49 (Km. 0.8) you see the transition from deep lateritic· soils to 
shallow Hucara soils. 
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21. (Km. 2.7) Stop for 5 minutes. Typical shallow brown silty clay moun­
tain upland soil, mostly in poor pasture, is well represented here. 
This is the tobacco area, where the tobacco crop is followed by corn and 
beans and then by native grasses of low feeding value. ~t Km. 8.7 we 
enter agaih 'n to High~y No. 1. 

22. The next town is Cayey (52,965) at an elevation of about 400 meters 
above sea level. 

25·. As we leave Cayey and proceed on the road to Aibonito (16,520), we drive 
along the scenic I.a Plata Valley. Here we can see tobacco fields with 
their drainage ditches making geometric patterns on the mountain-sides. 

24. The next is Aibonito, at an elevation of about 600 meters above sea 
level. The temperatures here are usually 5 to 10 Clegrees F. less than on 
.the coast. 

25. (Km. 86) This is the approximate point of Clivision of the change of 
rainfall. Ye are leaving the high rainfall area of 80 to 100· inches to 
enter the 58 to 40 inches drier area. The soil pattern now changes from 
the Mttcara to the Descalabrado (p. 240) soils, brown alkaline silty 
clays Clerived from fragmental tuff or tuffaceous.shales containing free 
lime carbonates. · 

26. (Km. 88 to 90) Notice the change in vegetation in this area. The vege­
tation here is mostly xerophytic. Among the most conspicuous trees is 
the almacigo or gum-tree (Elaphrium simarouba) with its shiny recdish 
brown barko The shrub-like vegetation includes many types of cacti ana 
wile pineapples. Corn is grown in this dry area. Yields of 20 bushels 
per acre are obtained without fertiliser or irrigation in favourable 
years. (For further Cletails of the vegetation of this area see pages 18, 
19, 22 and 25.) The Vclter in the background is that of the Caribbean Sea, 

27. (Km. 92.1) Entering the Coamo terrace soils (p. 277). The Coamo clay is 
pl.anted to Guinea grass and provides excellent range pasture for cattle 
and horses. In favourable seasons good crops of corn are grown. 

28. The town of Coamo (25,540) where some fighting too~ place in the Spanish­
. American War. 

29. We are now at Coamo Springs, where lunch will be served. This is the 
.only hot spring in the Island arid is a famous resort. 

50. (Km. 102, Road No. 1) This stop for 20 minutes is to investigate a 
Coamo profile. Dr. J .A.. Bonnet and Dr. 1-1 .A. • Lugo in charge. Dr. Bonnet 
will give general details of the proposed Coamo irrigation project. 
Dr. R.M. Smith will give a Clemonstration on how to take 5 inch, undis­
turbed soil cores with the "Bradfield" sampler. 
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51. Along this road the purple-coloured soil is the Amelia clay. 

52. Farther along this road the hills in the distance (right) of cretaceous 
limestone contain deposits of manganese dioxide which have been mined. 

55. (Km. 107.6) On your left is a cut revealing a cretaceous crystalline 
marble. · 

54. (Km. 116) Here are a few areas of Juana Diaz clay loam and silty clay 
(p. 246-247). It is a neutral to alkaline soil, grayish-brown, and un­
derlain by a substratum of friable yellowish-brown, fine-grained sand­
stone. 

55. The next town is Juana Diaz (28 1 540). 

56. At Juana Diaz we enter the area of alluvial soils, planted to sugar cane 
under irrigation, of the Faso Seco (p. 285) and San Anton (p. 522-25) 
series. These are among the most highly productive soils in the Island. 

57. Immediately beyond the cemetery on the left, some of the sugar cane is 
grown on a heavy, black clay called Poncena (p. 259-60); classified as a 
chernozem. 

58. The next town is Ponce (119,087), the second largest city in the Island. 

59. Leaving l'once we are on road No. 56. The soft Tertiary limestone here 
is used by the Ponce Cement Com:pany in the manufacture of cement. 
Quarries are seen in the distance on the right. 

40. (Km. 20.9) This saline area contains many salt spots (left). 

41. (Km. 19.5) \Te now enter the rendzina soil area, where the soft lime­
stone is covered by shallow brown to black so~ls. The major soil types 
of this area are the Aguilita clay and stony clay (p. 255-56). 

42. (Km. 7) The cacti vegetation here is very predominant. 

45. The next town is Guayanilla (16,941) •. Ue now take highway No. 2 (at t.il. 
257.2). 

44. As we leave Guayanilla, we .leave the rendzina soils and return to the 
Descalabrado soils formed from tuffaceous parent material. 

45. The next town is Yauco (31,329). 

46. At Km. 28.6 we enter Road No. 39. Most of the sugar cane land in this 
area is owned by the Puerto Rico Land Authority, a government agency. 
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47. (Km. 28). On the left is the new site of the Ochoa Fertiliser plant, 
largest fertiliser manufacturer in the Island. 

48. At the tow of Guanica, the United States troops first landed in 1898, 
during the Spanish-American 'War. 

49. In _the hills around Guanica, the Cretaceous and Tertiary limestone meet. 

50. (Km. 26.3) This is Guanica Central, the largest sugar factory in Puerto 
Rico. 

51. (Km. 20) This beautiful va;Lley is the Lajas Valley, where an irrigation 
project is now under development. Most of the land is nov used for 
grazing, but the completion of the tajas Valley Irrigation Project will 
probably make this a ... agar cane growing area. 

52. The soil on the base of the mountain slopes is Fraternidad (p. 283-84), 
and it meets the Aguirre clay soils (p. Mo-41) of the valley. 

Second Day: Saturday, April 1, 1950 

53. At the Lajas Substation of the Agricultural Experiment Station of the 
University of Puerto Rico (Km. 3~0 -Road 19), Dr. Smith will give a 
demonstration of the use of the Utah Soil Core Sampling Machine. Stop 
for one hour. Dr. Bonnet will give a short resume of soil conditions in 
tajas Valley. 

54. The next town is Lajas (14, '7D6). 

55. As we go north on road 59$ we see the shallow reddish brown soil, tajas 
Clay (p. 239), derived from Cretaceous limestone. 

56. In San German we ent€1r into high\oJSy No. 2 and pass by the Polytechnic 
Institute, ~ere we can see the shallow Rosario clay (p. 247) derived 
from serpentine.rock. 

57. Approaching Hayag\iez, we. enter the shallow tuffaceous soils again. The 
predominating soil ilil Mucara (p. 213)., 

58. 'We are now in Mayag-U...,z, the third largest city in the Island, with a 
population of 89,494~ 

59. We are now going to see the Nipe clay laterite (p. 199-201) on the Las 
Mesafl Plateau, southeast of Mayagiiezc The· soil can be seen in exposed 
road cuts on either side of the road as we drive up to the plateau. 

60. (Left) The deep exposed cuts show the serpentine parent material from 
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which the Nipe is derived. The shallow soil is Rosario (p. 247). 

61. (Km. 1.6) Stop for 20 minutes to see a Nipe clay profile in detail, then 
continue to the top of the hill to see abundant iron concretions or per­
digones (p. 465). Back to :tvrayag(iez we pass through the Federal Experi­
ment Station. 

62. Lunch at the College of Agriculture and Mechanic &rts. 

63. We continue on highway No. 2 - l few kilometers after passing the bridge 
over the Anasco river and the· sugar factor.r; Central Igualdad, we see 
the Descalabrado soils (p. 420), with clear evidence of erosion by mass 
movement of soil. · 

64. The next town is Rincdh (9,256). 

65. The grapefruit disp~ayed on the road-siee stands are grown on Catano 
loamy sand (p. 345), a calcareous soil along the coast. 

66. The next town is Aguada (20,129). Some historians claim that Columbus 
landed in Aguada. 

67. This is the to\olll of lgua.dilla (42,004). Other historians claim that it 
was here that Columbus landed. 

68. (Km. 122.6) Highway 2 R -Stop for 15 minutes. The yellowish-bro'm soil 
seen here is called Coto clay (p. 302). The limonitic colour predomi­
nates in this soil. The soils with red colour toward the coast are the 
lateritic Matanzas clay (p. 197-198). 

69. (115.2) Ye are VlSsing the Isabel.a Substation and Seed Farm of the 
Agricultural EY.periment Station of the University of Puerto Rico. 

70. (Km. 106.9) (Right) Here we see a good e~ample of the striking colour 
p1tterns caused by differential weathering processes. This red soil is 
a Vega Alta Sandy clay (p. 304). . 

71. The limestone here has small caves. (Km. 103.2) Leaning trees on the 
top of the hills here show the effects of trade winds. 

72. (Km. 98) The conspicuous, hieh cone-shaped mogotes, (haystacks) and 
long, narrow pepino (cucumber-shaped) limestone hills can be seen in 
this area. Most drainage from these hills goes into underground strea.ns. 

73. In this belt of pure calcium carbonate rocks and massive reef beds, the 
Coto soils give way to Espinosa (p. 302-6) and the Mat.amas to Bayamtn 
(p. 503). The rainfall is higher. The so!ls are more acid, and there 
is sometimes more sand in the rock and in the soil profiles. 
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74o (Km. 8lo.7) (Left) , The sand dunes seen bordering_ the ocean contain vis­
ible quantities of magnetite which can be r""cognised as black specks.· -. 

75o·:·A.pp~oaching the city of. A~ecibo (S0,957) 'We see the .'Islote sandy loam 
· · (P.o 296) perived from· sandy limestone. . .· , . 

76. The city of Arecibo is the fifth largest city in the Island. 

77. (Km. 60.4) Stop for 10 minuies •. T.his road cut reveals a Bayamon sandy 
·, ; loam (p. 506). · . ·· · -

78 .. '.,. (Km~ 6lo2) \l'e n~w see large acreages of pine~pples (Spanish Red variety) 
planted on Bayamon soils. The pineapples are sprayed with iron sul}ilate 
solution to prevent chlorosis. ·· 

79. (Km~ 55.4) We are now in the deep alluvial Toa soils (p. 515-16) in the 
Manat! Valley. These are very productive sugar cane soils. 

80. (Kmo 50) 'We are passing the outskirts of the town of :Hanat:!. 

81. (Kmo 48o5) Stop for 10 minutes. Here begili the white sands. This pure 
quartz sand, k'lown as the St. Lucie fine sand (p. 511), occurs here and 

·. in Florida. It is the raw material for glass manuf'acture in the Island, 

82. (Km. 57) The alJ:tvial soils here are the Coloso (p. 529-50), cropped 
' · : ~inly to ·sugar cane. 

85o··. :(Km. 25) .The rich soils of this Toa·Valley are the alluvial Toa soils. 

84. Ye now continue on to R-!o Piedras. 

(b) Field Trip II - Caribbean National Forest, Luquillo Mountains 

Sunday Afternoon, April 2, 1950 

1. \te leave R:!o Pi~dras by highway .No. 5 to~rd the east. The hills at the 
Experiment Station and to the sout:1 of Rio Piedras are volcanic, ashy 
shales :covered with reddish brown Rio Piedras clay (p. 215-16) and 
grayish to grayish bro\tn Yunes clay (p. 246). YlmeS clay is the raw ma­
terial used in the ceramics plant located close to the junction of High­
~YS·NoQ 5·and ~o. 44. The soil of the terraces derived from the shales 
is Fajardo clay (p. 273) • The level areas are Sabana Seca sandy clay 

· loam .(p. 295) and Bayamd"'n sandy clay loam (po 505-504) e · 

2. (Km., 8.0) .. A good view of the Luquillo Mountains in the dist~nce to the 
left;. ·The: th:ree main ·peaks; from left to right are: El Yunque, 3,496 
feet; .El ,.Cacique, 5, ~46 , feet; El Taro,. 5, 552 feet.. Between this point 
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and the sugar mill, Central Victoria, the shale is replaced b1 tufface­
ous rock. The uplands here are covered with MU'cara silt1 cla1 loam (p. 
215), the lower hills with Juncos cla1 (p, 214), and the colluvial or 
level areas with Mabi cla1 (p. 255). 

5o (Km. 11.2) The town of Carolina, located mainl1 on Mabi cla1o Just be ... 
yond the town we cross a large bridge over the R!o Grande de Loiza, the 
river that carries the largest volume of water in Puerto Rico. The soils 
along the river are Toa fine sandy loam, low-bottom phase (p. 516~17), 
where Para~arib grass grows well. Slightly to the northeast along the 
river course toward the Atlantic Ocean are the productive Toa clay loam 
(p. 515) and Coloso cla1 loam (p. 551), alluvial soils where sugar cane 
gives good yields. 

4. (Km. 17.7) The town of Canovanas. Just beyond this town, to the right, 
is a good view of an area of soils derived from tuffaceous rocks. 

5. (Km. 25.6) The town of R!o Grande. 

6. (Km. 52.8) The town of Mameyes. \l'e take Highway 112 southward toward 
the Luqulllo Mountains. 

7. (Km. 5.0) \Te reach the red soils derived from andesitic tuffs. 

a. (Km. 4.0) The La catalina forest nursery, There will be a stop here on 
the trip if time permits. 

9o (Km. 5.1) Stop for 20 minutes. A good profile of Catalina clay (p. 185· 
188). At this place Dr. Bonnet took soil samples for his Ph.D. thesis, 
published in Soil Science 48 (1): 25-40, July 19590 Dr. Bonnet will 
present a brief resumt of the data obtained. 

10. (Km, 8,4) · Stop for 10 minutes. A good view of the lower montane rain 
forest to the left. This formation will be described briefly b1 
Dr. \radsworth o 

11. (Km. 12.9) Stop for 10 minutes. A profile of.Los Guineos.clay (p. 193= 
194) where Dr. C.D. Jeffries has taken soil samples for identification 
of minerals. Dr. Jeffries will give a short resumd' of his findings. 

12. (Km. 15.0) A good example of concentric weathering of' quartz diorite to 
the right on the bank beside the road. 

13. (Km. 15.2) Stop for 20 minutes. A mountain podzolic soil with an iron 
hardpan. Dr. Bonnet will describe soil conditions, and Dr. Wadsworth 
the vegetation here. 
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14. (Km. 4,0) .stop for 20 minutes if time permits, The soil problems at 
the La catalina forest nursery will be discussed by' Dr. \!adsworth. 
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