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Abstract

The status of soll sclience in the fields of classification, fer-
¢i11ty and conservation is revleyed. The history of these flelds is
briefly discussed. The existing agencies, and groups and thelr work In
soils are described in some detail. Agencies which provide services and
products used in soils work,such as maps, and Institutions. which supply
supplementary Information from other natural resources fields important
to understanding and using soils information in context with the total
environment, are treated in less detail.

A summary table Is pr:sented meking it pussible to compare solls
agencies on a number of points. An incomplete section of solls references
and maps is Included to stress the Importance of completing this work.
petalls on the status of soll classification work is presented in the
appendix and on a separate map.

A section of conclusions and suggestions represents an attempt
to evaluate the meaning of the information in the report with respect to
making suggestions as to nceds for studies and policles for improving the
organization and use of soil science and s~il= sclentists in Costa Rica.
This section represents values judgements by the authors. It (s particularly
important that It be recognized as an imperfect analysis which should be

depened and revised by other soil sclentists,



SOIL SCIEHCE IN COSTA RICA*

CLASSIFICATION, FEPTILITY AND CONSERVATION

Compiled by: P.C. Duisbergh*
H.P. Newton

I. INTRODUCTION

This is one of six reports on the state of soils work in the
countrics of the Central American Isthmus. A similar outline and pattern
is presented in each, in order to make the country reports as comparable
as possible. Reports are based on interviews by members of the "Soll
Analog Project'’ plus published information and reports availablz. However,
no clalim to completeness or full accuracy can be made. In Costa Rica the
the report was prepared with some participation by national soil scientists.
In other countries time did not permit even this. It is hoped that these
imperfect reports will serve as a basis for discussion during the first
regional soils meeting at San salvador, El1 Salvador firom Harch 13 to
March 18, 1978, and that sollis scientists from the different countries present
will improve and complet~ the documents for their countries. The Costa
Rican report is the best but still should be thoroughly revised and improved

by national and other solls men.

% Preliminary document for discussion prepared for the "Reunidn Técnica
Regional sobre Fertilidad y An§loges de suelos", in San Salvador, El
salvador, Harch 13-1%, 1978.

%% Ph.Ds., Soil Scientist Consultants, Soil .\nalog Project, CATIE.



If all countries produce quality documents they can be used as the basis for
a comprehensive document on the state of sofls work in Central America and

a realistic assessment of the weaknesses and needs for strengthening the
fleld. The field of soil science in Central America cannot serve as @

basis for improving soil analogs and nverall development unless It can be
considerabiy strengthened. The similar soils which have peen identified
through the soil analog subproject of CATIE/ROCAP for the Pacific area of
Nicaragua, Honduras and El Salvador represent only a first step. |f basic
knowledge of soils and climate can be {mproved, the quality of ana.ogs will
dso improve. The potential economic and soclal savings of identifying

solls requiring very similar management, fertilization and conservation

practices is enormous.



1. CONCLUSIONS AND SUGGESTIOMS FOR THE FIELDS OF CLASSIFICATION,

FERTILITY AND COMSERVATION

Costa Rican soil science has produced more advanced and sophis-

ticated soil rescarch than any other country in Central America. On the
other hand it has lagged behind in coordinating its efforts and in obtaining
some of the simpler and more basic information needed for classifyng soils
and making fertilizer recommendations. It would appear that if the losta
Rican soil} scientists could coordinate their present carability more
efficiently they could have considerably greater cffect on agricultural

improvement. Nevertheless, a larger cacre of soil scientists Is needed.

Since the calibre an! interest of agronomy students Is high and the uni-

versity training adequate, Costa Rica should be able to produce the

Agroncmists needed, Thiose capable and interested in soils could receive

further specialized training nceded in a very few years.

Perhaps the most glaring weakness in Costa Rica lies in the field
of soils classification. However, since 1971 several promising soil scientists
have begun to provide leadership. Vith minimal supnort they have ingeniously

reviewed fragmented theses and work of the p~st and translated it into the

new taxonomy. The mnst recent result has been a general soils map of the

nation with a fair deyre: of rellability to the l.vz21 of suborders. Many

of the major agriculturally significant :~il series have already been des-

cribed. However, there ar. alen many gaps and inconsistuncies. In addition,
many soil problems due to poor land use are beainning tc become apparent.

What is nezeded ‘s a project using air photougraphy or photomosaics to 2 level

of detai) of the major AID ; rojects carried out in recent years in Nicaragua.



Panam&, Honduras and El Salvator. This could now be carried out with
avallable Central American -nd Costa Rican leadership at lower cost.

An asset for this work Is the existence of ample laboratory
facilities and laboratory direction at th: University of Costa Rica, CATIE
and the Ministry of Agriculture and Animal Husbandry. With some Increases
in and training of laboratory personnel, it should be possible to meet
laboratory needs. At the same time these laboratories might better
coordinate their efforts, increase their production and increase their ca-
pacities for routine and research analysis. CATIE (formerly 11CA) could
participate in this Costa Rican coordination while also providing leadership
in improving and standardizing methodology and laboratory operation over
the entire Central American Isthmus. There would not seem to be much need
for additional laboratory space for the next few years, since there Is still
underuseJ capacity.

Costa Rica has a small number of men doing detalled soll survey
and mapping for irrigation in the soils section of the Direction of lrrigation
and Drainage. This group could benefit from technical assistance in the form
of an outstanding advisor. It could be equipped to carry on detailed studies
for dry land farm lands of high potential as well as irrigation. A nucleous
could be developed to train cthers needed. One Inexpensive way of obtaining
this trainin; might be to cbtain help from spzcialists from other Central
American countries. Some have several exceptionally experienced and quaiified
men. There is also a need to bring soil survey in many areas to the level

of capability units and relating them to crop resporse.



In the field of soil chemistry research, Costa Rica has been more
fortunate than Its neighbours. The Interamerican Institute of Agricultural
Sciences now called CATIE at Turrialba has had a serles of projects and
outstanding internationally known soil scientists over a thirty-year period.
This has resulted in important research in past years. In addition, the
Univeristy of Cnsta Rica Center of Research has had a vigorous program in
soils and plant chemistry for years.

Research is especially dependent on good library facilities.

Costa Rica has been fortunate in that during the 50's and 60's
the 11CA Vibrary in Turrialba was considerad by many as the outstanding
library in Tropical agriculture and in soils in Latin America. Recently the
library has suffered from the effects of a reorganization and a lack of
funds. Every effort should be made to help it regain Its excel lency not
only in the interests of Costa Rica but for the whole Central American
region. lleanwhile the University of Costa Rica has been improving its library.

Possibly thc biggest weakr:ss in research in Costa Rica lies in
the dissemination an< use of results. Soil scientists should devise ways
of overcoming this deficiency in their field.

The situation with respect to f.rtilizer trials is spotty. Coffee
has been given special attention and support by the government. Coffee
trials have been widespread' with notable effocts on nroduction and more
efficient fertilizer use. Oth.r crops have n-t farel so well except perhaps
rice an. bananas.

At present chere is a fair amunt of offort beinc devoted to fer-

tilizar trials. However, for various reasons many are lost, do not yield



significant results or are not transferred to the farmers. The reccent
CIMMYT program in wheat and corn has resuited In cooperation between the
University of Costa Rica agronomists and those from the regional centers
of the Ministry of Agriculture, and involves the application of a methodology
designed to demonstrate successful results to the farmer. It is too early
to say how successful this approach will be, but it appears nromising.
However, a main problem, 2dequate supervision of the plots, may remain,
There is also duplication and lack of effective coordination in the present
fertility trial program.

Routine analytical laboratory data, research data and soil clas-
s {fication information should all be used more in sclecting sites for
fertilizer trials. A decision to nbtain soil profiles for characterization
and classification at each fertilizer trial site might help solve the
weakness in the sofl classification field 1s well as Increase the meaning
of the trial results.

Although the government is at last actively trying to keep lands
in natlonal forest reserves °nd nationa! parks from being overrun, deforested
and eroded, the results to date leave much to be desircd. There is little
or no control over privat: lands and soil erosjon from this sonrce is con-
siderable. The gov:rnment is now greatly expanding its staff of forest guards
and this should helr.

However, there are still no technicians working in the field of
soil conservation in spite of the increased rccognition of the importance
of the field to the future of the country.

A project of law has beun- proposed for a National Resources

Institute (INDERENA). If IMDERENA is formed, one of its stateqd responsibiliti



will be for the field of soil conservation. Even if INDERENA is not formed,
the official program of the Unity Party which will be in power from 1978
until 1982 states that numerous offices related with Natural Resources
and the environemnt are dispersed and inefficient and there is no ''solid
public Institution dedicated to the prnblem of conservation and good use
of Natural! Resources and Envirommetnal Protection''. Therefore, if the
soil scientists and others interested in the conservation of the environment
will take the time to make specific practical proposals it is likely that
their ideas will receive serious consideration.

In conclusion, there is a great deal that Costa Rica could do by
using the present cadre more efficiently and by improving the ways in
which sofls Information reaches the planning office and OPSA and is used by
them and in agriculture. However, in additicn comprehensive programs are
needed and training opportunities shouid be increased, vhich would require

higher levels of support.



111. SUMMARY TABLE OF SOILS AGENCIES IN COSTA RICA

Table | in the back envelope of this report compares some basic
informatfon for each of the entities in the field of soils in Costa Rica.

The information on budget is quite rough in some cases but pro-
bably represents a fair estimate of the total spent and the relative parts
of the total spent by government agencies, the university, etc. An attempt
was made to confirm these estimates with persons within the entity concerned.
In a few cases estimates were made on the basis of the number of employees,
estimated salaries and othcr costs without cross checking.

it is recommended that this table be expanded and made more accurate
by the Costa Rican soil scientists. It will provide a rapid means to
determine where efficiencies could be effected and where rossible dup:lications
exlst and where additional funding should be sought. In addition, when
compared with similar Tables from the other five countries of the Isthmus,
it will tell much about where Costa Rica stands and what the regiunal

picture looks like.



IV. EARLY PERIOD OF SOIL SCIENCE

A. Soll Classification

initial attempts at soll clasiification began with the United
Fruit Company about 1918. In 1924 H.H. Bennett, founder of the U.S. Soill
Conservation Service, made a very general survey as part of a program to
find areas suited for rubber production in tropical America. Although
the United Fruit Company produced a large number of soil maps, these seem
to have been laraely limited to determining texture along grid lines.

In the early 1950's the field reccived a stimulus because of the
search for areas suitable for abaca production (Robinson and M. Stryker,
1951) the surveys of the Standard Fruit Company and work at the Interamerican
Institute of Agricultural Sciences at Turrialba (11CA and now CATIE).
Standard Frult systematically mapped areas at the scries level on the Atlantic
coast of interest for growing the Panama disease-resistant variety Cavendish.
Standard Fruit subsequently established fertilizer experiments to determine
potential productivity and nutrient needs of the Important sofl serles.

in the late 1950's, a number of areas were mapped by the Ministry
of Agriculture and Industries. Dondoll and Torres (1954) studied the Eastern
part of the Mescta Central and Vargas (1958) studied the Pacific side.

Leitdn znd S3enz (1958) studied part of the Pacific Coast and Vargas (1959)
the Tempisqu: Valley. Snil mapping during this period was influenced by
geolocists who felt that a study of soil minerals was of special vclue.

Soil surveys work never rec:cived subst-ncial assistance from inter-
national organizations such as the US Point & program and FAO, although more
general soils advisnrs, including one of the writers, H. Newton, were furnished

by STICA (Point 4). Some soll classificatlon was done by students and
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professors at |ICA in Turrialba. In 1958 the smatl soils section originally
under Ing. Torres was divided between the geology and rural engineering
departments of the Ministry.

Also In the 60's, the Institute for Land and Coiunization (17c0)
made several regional studies of nitural resources, includino soils at a
reconaissance level in the North. During this period, also Plath published
a technical map using his 1and use potential method at 1:1'200,000 and some
of his students at 11CA in Turriaiba applied it at larger scales in Guana-
caste.

Cote and Torres in 1970 dropped some of the climatic parameters
of Plath's system in [:rcducing a national map with his four classes at
1:750,000. In addition, other technical type maps using the land capability
system of the U.S. Scil Conservation service and the irrigation classes of
the U.S. Bureau of Reclamation have been produced for specific purposes and
}imited areas over the years.

The present period began about 1371 with the formation cf a solls
Department within the new Direction of Irrigation and Dralnage. This
Department began by making technical maps for Iriigation notential and
detalled surveys of irrigation crojects. |t now provides a more scientific
foundation for such technical maps based nn use of the new taxonomy cf the
U.S. Soil Conservation Servica. Durin~ the same period ing. . Alvarado
stimulated interest and initiated modern teaching in snil classification at
te University of Costa Rica. His com-ilation "Evaluacién sobre clasificacidn
de suelos en Costa Rica'' (appendix A) summarizes what has been donc in soil
classification. In addition, this tuchnical bulletin includes two small

scale maps showing the areas coverc’ by soil surveys of diverse kinds both
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rationally and for the Meseta Central. This national map has been updated
for this report (see map 1). In addition, Alvarado has classified soil
profiles according to the new taxonomy . These, as well as others collected
for this report from thes.s, are included In Table 2.

Three national maps have been published over the years. The first
in 1965 by the AID Resources |nventory Center and ROCAP as part of an Atlas.
The map was at the level of areat Solls groups at the small scale of
1:1'750,000. The second was the 1:5'000,000 soil map of Mexico and Central
America prepared by FAO-UNESCO 2nd published in 1975 using thelir new clas-
sification. The FAO-UNESCO map is useful in showing general rclationships
between soils of the countries ~f the Central American Isthmus. However,
the scale is too small to be of much use nationally. The AID/ROCAP map is
part of an Atlas contalning some 30 other subjects. The soils map at A
scale of 1-750,000 uses the superceded great soil group nomenclature. It
also has the deficlency in that it draws conclusions and extrapolates from
limited informati-n of uncertain rcllability.

In 1978, Alvarado and Perez rrepared a soils map at 1:200,000 for
OPSA using the new taxonomy to the level of sub-groups. This map is based
on all the infermation sresently available on profiles, series and from less
precise information. tany s~il unit limits are drawn by making inferences
from topographic and ccological maps and usin, climate information. It is a
major step forward but rreliminary until it can be thoroughly field checked
and revised. The information fe: the OPSA map is already sufficient to revise
and Improve and modernize the AID/ROCAP map with little additional effort.
Present Costa Rican knowledge is more than adequate for 2 map with a fair

level of accuracy at this small scale.
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It would appear that after many years of lagging behind in soll
classification, Costa Rica Is now well prepared and has leaders for an

imaginative and creative program to £111 in the many gaps in knowledge.

B. Soll Fertility

Initial Interest in fertilizer use began with the main crops of
coffee and bananas. In the case of crffee, ficid experiments werc set up
on an extensive scale, beginning in the 1950's by the Cnffee Nepartment of
STICA under the advice of Dr. H. Mowry. Dr. Mowry also helped neactiate
acontract with the University of Florida which resulted 'n substantial
accompl ishments in plant and soil science.

During this period investigations included foliar testing with
fileld sites for both major nutrients and trace elements. This fertilizer=
trace element program, along with other aspects of cofiee improvement by
STICA and 11CA In Tur-i-1ba, helped Costa Rica almost double its coffce
production from one half million bags to 700,000 in about 5 years without
any appreciable increase in the area cultivated (Rice was also studfed and later
the ccuntry was converted from an importer tc an cxgorter of a small excess).
\.G. Blue ¢id pioneer work on pasturc furtilization with important findings,
and laid the basis for a continuing effort.

Export of bananas was f'rst largely under rontrol of the United
Fruit Company and later standard Fruit Company. United Fruit limited its
fertilization program primarily ic urea. 1 wever, Standard Fruit based its
recommendations on more scientific sofl surveys an! laboratory testing ond had

a much m~re varied and effective program.
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This may have been partly 2 necessity, since their soils were
we often poorer quality and more highly leached and mostly on the Atlantic
side. Both companies also engaged In cacao and oil palm production to some
extent.

During the 60's fertilizatinn trials were extended to corn and
other basic crops for the major elements as part of the international FAO-
Freedom from Hunger Program. While some dramatic results were obtained,
much of the data of this program have apparently been lost with little benefit.
Same were rescued by J. Walker an’ the results are being recalcuated and
archived under the present CATIE/ROCAP soil analog subproject.

At present fertilizer trial work has been carried out by the
Department of Ccffee investigations of the Ministry ~f Agriculture for coffee
and the Department of Agronomy for a!l other crops. The University of Costa
Rica also has a separate rpogram.

Routine iaboratory analyscs of farm soil and leaf samples recelved
a strong stimulus from the North Carolina State-USAID project which began in
Costa Rica In 1964, This nroject included all of Latin America and has re-
sulted in adoution of similar metho!s by all thce countries of the Central
American !'sthmus. In Costa fica laboratory facllities have becen improved
and expanded quarters were opene in 1972. The North Car. lina project was
terminated in 1976 but J. Walker remained to transfer its regional functions
to CATIE until 1978.

From the 1950's ~n, Costa Rica has been the most advanced country in
Central America with respect to soil and plant chemistry research. This is
partly due to the highly trained sclentists from many cruntries vho have

done rescarch or advised graduate students at the International Institute,
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IICA in Turriolba (now CATIE). In addition to research on sofls as such,
cons iderable work was done in connection with research on such crops as
cocoa and coffee and pastures. During the 60's and early 7¢'s the Institute
at Turrialba carricd out an extensive program fnvolving radioactive isotopes
under grants from the U.S. Atomic Energy Comission. This program 2id not
survive the termination of grant funling except for tracer projects from
time to time conducted at the University of Costa Rica.

At present CATIE is doiny very little soils research since it has
changed Its orientation toward interdisciplinary nrojects related to systems
of agriculture and identification of Soil Analogs. Almost all soil and plant
chemistry research is now being done at the Center of Investigations of the
University of Costa Rica. ihis laboratory dates from the time of STICA and
has retained a vigorous and active program.

The department i the Ministry of "sricuiture and the experiment
station of the Univeristy of Costa Rica carry out fertility trials. The
reqgional centers of the exten~inn scrvice have also carried out snme inde-
pendently and some cooperatively, Careful eonsideration ought to be given
to the efficiency and degree t~ which the results of fertilizer trials,
rout ine 1aboratory anaiysis and research data are used to supplement each
othier and ~re archive”, ciss:minated and applied at the farm tevel and for

regional characterization.

C. Soil Conservation

An article appeared in t.e magazine of the coffec growers, pointing
out the importance of soil conservation on steep cultivated lanls as early

as 1935. There were a few additional articles and graduate theses at 11CA In
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Turrialba through the 50's. Although little was accomplished in a practical
way in the ficld, the soils sectfon of the Ministry was officially called
the Sofl Conservation Department In the mid '50's.

During the 60's when ITCA was doing its studfes, the emphasls was
on opening new lands for forestry and colonization and harnessing rivers for
hydroelectric power, rather than concern for conservation.

CATIE acquires a Solil Physicist who became interested and guided
three practically oriented graduate theses in the mid 70's and constructed
erosion control demonstration plots at low cost. However, following his
departure, no plans were made to try to replace his skills on the staff.
Almost simultaneously, however, the effect of deforestation, poor land use
and sofl erosion on dependable publ fc water supply, loss of storage capacity
in hydroelectric dams from sedimentation and the cost of Fertility loss to
marginal farm families began to cause concern at high political levels. A
proposal for a law to establish a Natural Resources Institute has been
drafted. Therefore, it appears that the t.me Is appropriate for the proposal
of a wall-reasoned farsighted program rclated to soil conservation in Costa
Rica.

There are not any persons employed in the field at this time and
few soil specialists have taken public Ipositions expressing the need and

apparently none participated in the planning for thc Natural Resources Ins-

titute.
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V. PRESENT SOILS ENTITIES AND LABORATORIES

Introduction

The solls work in Costa Rica fnvolves an annual expenditure of
about six hundred thousand dollars, as indicated in Table 1. This is di-
vided among three major institutions: the Ministry of Agriculture with
almost half of the budget, the University of Costa Rica more than one
quarter and CATIE almost one sixth. 1TCO an? rrivate business make up the
remainder. While CATIE is a reglonal institution, the fact that its most
highly tralned personnel, its laboratories and the major part of its
research and graduate theses are done In Costa Rica, glives it a special
significance to Costa Rican soil scicnce. It Is to be hoped that its present
ROCAP funded regional Soil Fertility Project may establish the need fo; it
to play a conflnulng coordinating roele betweer Central American countries.
Costa Rica would automatically become a principal beneficiaty because of

the physical location of CATIE within the country.

A. Ministerio de Agricultura y Ganaderfa

1. Direccién General de Investiqaciones AgrTcolas

This office Iis responsible for the research program of the
Ministry and maintains the experiment stations "Los Diamantes'' on the
Atlantic; E1 Alto ~n the Meseta Central; and Estaci6n Experimental Enrique
Jiménez NGfez, in Guanacaste.
it also carries out consid.:rabi.. experimental work in cooperation
with the Regional Centers of the Extension Service and or private haciendas

and fincas.



- 17 -

The subprojects programmed for 1976 illustrate the flelds of
interest and rel~tive distribution of effort as shown in Table 2, for 1976.
Some 50 subprojects are listed under Fertilization. The number actually
successfully carried to completion, analysed and archived is generally
considcrably less than programmed due to unforeseen climatic and biological,
human, economic and logistical probiems.

The Mireczlcn is organized as frllows:
Direccién General de Investigaciones Agrfcolas; Ing. Agr. Carmona, Jefe.
Ing. Agr. A. Vargas, Sub-Jefe.
Departamento de Investigaciones en Caf&, Ing. Agr. Juan Pérez.
Departamentn de Entomoclogfa, Ing. Agr. E. Morales.
Departamento de Fitoprtologfa, Ing. Agr. Bianchini.
Departamento Jda Agronomfa, Ing. igr. Carlos Ramfrez, Jefe.

Seccidn de Fertilidad de Sueclos y Mutricidn de Plantas.

Seccién de Arroz.

Seccién de Cadfa.

Seccidn de Semillas.

Secci6n de Mafz/Sorgo.

Seccion de Leguminosas de Grano.

Seccién de Laboratorio de Suelos.
Departamcnto de Biometria.

Fertility trials Involving specific crops by sections of the
Agronomy Department and the Coffee Research Department constitute much of
the effort in soils. The principal group in the Acronomy Department in-
volved in the planning, cxecution, analysis ard interpretation of these
trials is the three man section of Soil Fertility and Plant Nutrition, often

with the cooperation oi the section responsible for the crop involved an

at times with the regional center in whose area the trial is carried out.



Tabla 2. Direccién General de Investinaciones Agricoles

Ministerio de Agricultura y Ganaderfa

Subproyectos Prcgramados para 1976.

Mejoramiento Fertili Pricticas Entomc Fitopa- Estudios Industria Total
Gendtico =zacidn Culturales logfa tolngia Econbmicos 1izacidn

-

Arroz 6 3 é 6 b -- -- 25
Banznc - - - - 2 -- -- 2
Café 6 14 28 1 19 -- - 65
Cafia cde azdcar 6 i 2 1 6 -- -- 19
Control biriigico - - - 3 - -- - 3
Cultlvos varios 3 - - - 2 - - 5
Fruticultur- 13 2 - 2 6 L .- 27
Horticultura ] 1n - 7 1 - - 23
Leguminosas e Grano 13 1 9 1 3 -- - 27
Maiz 18 3 4 12 1 -~ -- 38
Tecnologfa de Alimentos - - - - - - 7 7
Tubérculos y rafces 7 & 6 o 17 -- - Lk
Sorgo b 1 - 2 3 - - 10
Fertilidad y

fertilizacidn .2 suelos - 3 - - - - - 3
Semilla mejorada 3 - - - - - - 3

-8‘-

TOTAL a3 50 62 23 6k b 7 301
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The coffee Rescarch Department has a section on mineral nutrition about
twice the size >f that of the Agroncmy Department.

The other major source of scils work in the Direccién is the
soils laboratory which dues routine fertility analyses cn farm soil samples
for fertilizer recommendations and makes certain soll, foliar and greenhouse
tests for other units of the government, narticularly those within the

Ministry of Agriculture and private agricultural firms.

a. Department of Agronomy

i. Section on Soil Fertility and Plant Nutrition

The Sol) Fertility an? Plant Mutrition section of the
Department of Agronomy carries out independent soil fertility trials. They
also plan trials for some of the other sections related to specific crops -
{.e. sugar canc section. They are located in the same building as the MAG
sofls laboratory which makes It convenient to share results and exchange
i deas.

The unit is headed by Br Alvaro Cordero, who recently recelved
his Ph.D. from North Carolina State University. DOr. G. famfrez is working
with Dr. Cordero, but is cn loan from the Soils Scction of the Department
of Irrigation and Drainage. Ing. P. GuzmsSn is studyina In Spain., There
Is one sub-professional helper and two vehicles.

Corn and bean trials are set up in various parts of the country,
cotton in Guanacasts, rice on the Southern Pacific coast and middle Pacific
coast, sorghum in the drier areas of the Pacific ccact, vegetables in the

zone of San Carlos and at the University of Costa Rica experiment station near
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Alajuela, bananas at the experiment station "Los Diamantes' on the Atlantic
sode and sugarcane at varfous locations sometimes In cooperation with the
Liga de 1a Cafa. Various experiments are located at experiment stations and
others on farms.

Care of the trials is a problem in view of their distribution
throughout the country, limitec personnel any vehicles. Therefore, assistance
from regional extension service centers could be critical. The section
plans and coordinates trials throunh these centers and receives varying
amounts of cooperation In their care, but it was our impression that this
is a weak point. Formerly, Peace Corps volunteers were a valuable form of
additional assistance, but this source seems to have diminished. Some farm
cooperators are very hclpful in maintaining the scientific integrity of
the trials and others less so. In a recent period about 10 of 30 trials
were lost because of drought and other causes. The total number planned for
1978 involving the section is over 30.

Fertiiizer aoplications are usually of varying amounts of N, P,
and K, the combinatiun and quantities depen-ing on the reqion where experiments
are conducted. Other elements included are mostly sulfur and zinc, with
some work on copper toxicity on the rice ar-ming on fc rmerly banana growinj
soils in the South.

In the past the fertility section also c-rried out fertilizer field
trials on African oil palm. However, the experiments, due tn size (large
plots) and fertilizer consumption, turned cut too costly and were civen up.

identification of the soils on which fertilizer ficld experiments
were conducted has been variable. ta past years Dr. G. Miner and Dr. S, W.

Buol of N. C. State University have identified and classified a number of
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solls on which experiments were located, but the practice has mot been con-
tinued even though Costa Rican classifiers are competent to do It.

Or. Perrin, also of N. C. State University, has collected
considerable data on soil fertility and experiments from Costa Rica.
Dr. Miner participated In rice fertility research. This was quite successful
in solvin3 problems and was a factor in converting Costa Rica into a new
exporter in rice.

Soil fertility work by MAG is directly supported by the soil
Jaboratory of MAG in the same bult™ing. It would appear logical to combine
the two sections, without the laboratory losing its responsibility for

serving national needs.

{i. Section of Soils Laboratory = MAG

(Laboratorio de Suelos y Foliares, MAG)

This laboratory has existed since 1962. It received technical
assistance from a scries of advisors from North Carolina State University
starting fn 1964, The North Carolinn analytical methods and procedures for
rapid fertility analysis of routine soil samples and for follar analyses
and greenhouse testin. were largely accepted (as they also were Iin other
Central American countries). in 1974, it was moved to a fair sized building
located in Guadalupe designed for the government as @ laboratory. There
seems to be more than adequate space at present for the laboratories.
Additional work benches could be installed if the volume of nature nf the
services were expanded. The conference rooum designed for transfer of in-
formation t» farmers and technicians has been taken over by the library of

MAG. The conference room cruld be an important aid in reaching and
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transferring knowledge if it were restored and well used. The library
appears small, poorly organized, out of date and already overcrowded in
the space provided. In addition, its distance from the main offices of
MAG in San Jcs€ makes it less convenient to use.

The Ministry of Agriculture has several greenhouses in the area
‘behind the building. These are inurgent need of repalr and are assigned
to various sections of the Ministry. At present therc would bhe more
greenhouse space avallable than nceded if they could be properly recon-
ditioned.

The laboratory is Jirected by Ing. Agr. Raymundo Amerling. He
{s assisted by one other ingeniero Acrénomo and 2 chemist and relies on
two student subprofessionals an! two non-technical helpers. One secre-
tarial position is allotted for sharing with the Section on Soil Fertility
and Plant Hutrition.

The production of the Laboratory is as follows:

1970 4255 soil samples
197N 4520 soil samples
1972 5706 soil samples
1973 8607 soil samples
1974 8509 soil samples
1975 11361 soil samples
1976 - 13496 snil samples

The increase in the number of sam.les prcbably s the result cf
Increased fertilizgr prices, and due to the fac: that in 1974 the laboratory
started tu give fertilizer recommendations, while prior to this they had
only reported the analytical results, which do not mean as much to many
people. The routine analysis includes. pH, P, K, Ca, Ma, Al, Fe, Cu, In,

Mn. If P, K, Fe, are high in rescarch sam,les,a more exact. analysis

f~11ows the routine analysis.



High results for Cu are frequent in the south where banana
lands have been converted to rice and corn lands. The fraquent application
of Bordeaux mixture on bananas has produced levels of 1000 ppm of Cu on
some soils. This causes problems with rice and corn. The laboratory
also analyses foliar samples, which are usually research samples, although
some come from fertilizer companies and some from the banana companies.

The distribution of analyses in 1974 was as follows:

57.0% routine (service sampies)
36.8% research
h.2% Physical analysis

Since then, there has been an increased proportion of service
samples and fewer research samples.

The following foliar samples were analysed:

1972 668
1973 2317
1974 1173
1975 h423
1976 2202

FERTICA, the biggest fertilizer company in Costa Rica, has not
equipped its own laboratory, and relies on the MAG laboratory. Abonos
Superior did have Its own laboratory but gave it up and uses HAG.

The physical analysecs are done by an Ing. Agr. and one sub-
professional (student) who are part of the "Direccién de Riego y Drenaje,
MAG" and therefore are under the direction of Ing. Visquez of the Department
of Scils of that Afvision. There is naturally considerable interchange
and cooperation since they occury the same facility. Neverthelecs, it
would appear to be desirable to fully Integratu the laborat.ry, something
successive forciyn advisors in MAG, including onc of the writers (H. Newton)

have advocated.
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The routina physical determinations are Ratention of Moisture
(1/3 and 15 atmospheres); texture, bulk density, and real density. Also,
in many samples the cation exchange capacity (CEC) is determined by the
chemical laboratory.

Since 1974 the laboratory has filed analytical data on the basis
of political subdivisions, fi.2. provinces, cantons and municipios.
Since four of the seven provinces reach all the way from high mountain
tops to the low level tropics, it would be desirable to tie the data %o
soil s ries an! climate. However, since only a 1imited number of sofl
series have been mapped and identified in Costa Rica, this Is not entirely
practical for the near future. Meanwhile, the results could be stored
in such a way that the scils classification could be added at a later
date for each farmer's name. At present fertilizer recommendations are
quite general and for each of nine agricultural regions, and leave ample
opportunities for the laboratory to improve their ~recision. Table 3
for sugarcane is an example.

It is said that the banana growers asoclacion, BANDECO has a
laboratory at Hacienda Carmen near Siquirres and that the Liga de la Cafia

has or had one but time did not permit further invostigation.

b. Departamento de Investligaciones de Café

Costa Rica was one of the first Central \merican countries
tu produce coffce as an important export beginnina about the 1840's. It
has ever since been the principal crop although others 1ike bananas have

axceeded it in value at various times.



*  WINISTERIO DE AGRICULTURA Y GANA A
77!61.;'3_ DIRECCION DE INVLSTIGACION AGR?%EAS

DEPARTAMENTO DE AGRONOMIA
LABORATORIO DE SUELOS

RECOMENDACIONES PARA FERTILIZACION DE CARA DE AZUCAR
Sugerencias de N-9255 y K20 en KE?HA. (SIEMBRA)

85-200-150 85-200-110 85-200-70
A) 0-200- 0 A) 0-200- O A3 0-200- 0
Ko1g) 40- 0 -75 | N92 B) 40- 0 -55 | M3 B) 4o~ 0 -35
C) 45- 0 -75 C) Ub5- 0 =55 C) b5- 0 =35
85-100-150 85-100-110 85-100-70
A) 0-100- O Ad 0-100= O "A) 0-100- O
No%B) 40- 0 =75 | N@5 B) 40- 0 -55 | N@6 B) 40- 0 -35
C) 45- 0 =75 C) 45- 0 =55 ¢) 45- 0 -35
R5. 80-150 | 85- 80-110 8s5- 80-70 |
Al U= 80- 0 A) O~ BO- 0 A) 82‘865%5"‘
Ne7B) 40- 0 =75 Ne8 B) 40- O =55 NO9 B) 40- 0 -35
c) 45- 0 =75 C) _4S- 0 =55 C) 45- 0 =35

¥1 nivel de NITROGENO se calcula de acuerdo a la produccién y se estima en
1 Xg. por Tonelada de cafia, por corte.

A) A la siembra en el fondo del surco

B) A los doa meses de la siembra; en bandas, sdlo la macolla

C) A los cuatro meses de la sciembra, en bandas.
En suelos de caracteristicas Acida, es recomendable el uso de SULFATO DE =
.POTASIO en férmula. Lo mismo que FOSFORO a base de superfosfato sencillo.

En sueloa con pH menor de 5.2, es necesario efectuar encalgde durante la

preparacién del terreno, usando 800 Kgs carbonato de CAICIO por Ha. Luego
se hardn aplicaciones con la misma cantidad de carbonato de calcio, corte

de por medio,. .

CARA DE AZUCAR - RETORO

. 85-100-150 85-100-110 85-100-70

N99) 40-100~ 75 | no2 A) 140-100- 55 | No3 A) 40-100~ 35
B) 45- 0 - 75 B) 45-0 - 55 B) 45- 0 - 35

85- 50-150 85- 50-110 85- 50~ 70

—50- 75 | . AJ LO- 50- 55 1y

Ne ) 40- 50~ 75 NS A 0 106 AT 40- 50= 35
B) 45- 0 - 75 B) 45- 0 - 55 B) 45- 0 - 35

85- 40-150 85- 40-110 85-40 ~ 70

NQ?A) bo- 40- 75 1 08 A) 40~ 40~ 55 | vog A) 40-40 - 35
B) 45~ 0 = 75 B) 45- 0 -,55 B) 45~ 0 - 35

E1 NITROGENO se aplicar& de acuerdo a la produccibén y se estima en 1 kg.
por tonelada de cafla, por corte.
A) Se aplica 1 o 2 meses decpués del corte,
B) Se aplica 4 meses después del corte. ,
Fn suelos de caracteristica fcida, es recolendable el uso de SULFATO DE =~
POT .SI0 en la férmula. Lo mismo que FOSFORO a base de superfosfato sencillo.

En suelos con pH menor de 5.2 es necesario efectuar encalado corte de por medio,
a ri z6n de 800 Kge. de carbonato de CALCIO por Ha.

Feb, 26 ~ 73
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Coffee Is the only crop in the Direccién de Investigaciones
Agrfcolas to have a special department. The »ther crops are treated as
sections within the Department of Agronomy. In 1976 the area planted to
coffee was 83.406 hectareas employing over 200,000 in the harvest., |In
the Agricultural Census of 1973, 32,358 fincas are listed most of which
do not exceed 10 hectares in size. The department claims that yields have
increased from 7.87 fanecas/ha In 1950/57 to 20.26 in 1976/77, a gain of
almost 300 percent. Specialists from around the world have come to
observe Costa Rican practices since ylelds are among the highest in
the world. In the last three years ylelds have declined for various
reasons including lower fertilizer use due to high cost.

A cooperative program on coffee botween the Ministry of Agri-
culture and the Office of Coffc. began in 1962. The Office of Coffee
is governed by representatives of the Ministry of Economics, Industry and
commerce, twoproducer members, one representative of the “Beneficios' and
one representative of the exporters. The program Is supported by an ad-
valorem tax on coffee.

In the 1950's considzrabte ploneer rescarch was done under the
STICA-University of Florida Contract. Since, then the Department has carried
out numerous fertilizer trinls, Partly as a rasult of these two ef-
forts fertilizer c nsumption for coffee is among the highest in the world
an includes minoi element supplements in areas where deficiencics were
discovered.

The organization of the Dupartment is ns follows:

Seccidn de tutricion Miner:i

Seccidn de Mejoramiento Genético
Seccién de Modalidades de Cultivo
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Control of weeds work is done by the entire staff. Technical
assistance to farmers is done by the entire staff in the form of technical
services, short courses, technical and other publications. Seed and
nursery plants are distributed. The department also maintains 50 de-
monstration areas to show and teach cultural practices.

From the point of view of soils and soil plant relationships,
the section of primary importance Is the Seccidn de Nutricidn Mineral.

The emphases of this section are che following:

. Mutritional needs of coffee
. Scurces of nutritive clements on fertilizers
Time and methods of application of fertilizers

. Levels and quantities of fortilizer elements needed.
. Effects nf fertilization on the yield and quality

U3 N e

The department is under the supervision of Ing. Juan Pérez G.
The staff includes abrut 20 technicians of whom about half are Ingenieros
AgrSnomos and some have not quite finished their agronomy degrees.

In 1976, the Seccién de Mutricidn Mineral consisted of three
Ingenieros Agrénomos, three Ingenieros Agrénomos who are in process of
receiving dearees an.! one technical assistant. They have 18-20 trials
per year carried out in different coffee farms throughout the country.

These trials mostly test the effect on yield of the major
elements. Increases averaged up to 402 in 1976 compared to controls.

Sincc the coffee program is largely financed by a fee on the
crop it would probably not be popular to combine all fertilizer trial
work in thc Ministry. However, since diversification has been important

to malntaining incomc for coffee growers it mry not be impossible.
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Since the University of Costa Rica also carries out such trials, it should
be considered In any plans for more coordination or partial or total

consol idation.

2. Direccién de Riego y Drenaje, MAG

a. Departamento de Suelos

This office Is under the supervision of Ing. Agr. J. Mannix. It
{s housed near the hospital Caldersn Guardia in San José, i.e. well away
from the main Ministry building, whare it sharcs the premises with the
National Park Service and the Meteorological Service. The "pireccidn de
Riego y Drenaje" consists of the Department of Rural Engineering, under
Guillermo Cabrera, concerned with direct assistance to the extension
service, Departament of Engineering under lng. F. Picado, concerned with
the design of irrigation and drainage projects, and Department of Soils
under Ing. Agr. Alexis Vasquez. It began its work in 1971.

The Soils Department has complet.'! considerable soll survey In
the central valley Incluiing 20,000 ha at ~ detailed level. It has clas-
sified the area according to irrigation capability. This work has been
in connection with the ''Distrito de Rieqo Rfo Itiquis', near Alajucla, the
main work of the entirc irrigation an4 drainage office. A map with soils
classified according tc irrigation classes covers about 15,000 ha.

There are 600 families in this project with average sized holdings
of about five hectares. It includes tw~ or three owncrs with as much as
50 ha. The office mzintains a local hranch and ¢lvas technical services to

this district.
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At present the principyal work of the soils department is mapping
the planned 'Distrito de Riego de Moracia" in Guanacaste. This project
includes the area of the Tempisque River Vallcy project which has been
studfed several times since the early fifties, but never before found
feasible. However now, with ICE contributing water from the Arenal
Project, it has become a much bigger project and has been approved as
feasible as some of the costs can be written off against power production.
Engineering aspects are being studied by a consortium of BEL, a local
engineering firm, and Backman-Edmonston, a Glendale, california engineering
firm.

The "Distrito (e Moracia' covers a total of 134,000 ha of which
about 100,000 ha seem suitable for irrigation. A soil reconalssance study
on a 1:100,000 map was completed in 1974 (“Estudio del Suelo a Nivel de
Reconoclimientn: « royecto de Riego mediante el Aprovechamiento de las
Aguas de la Laguna de Arenal', por el Inu. Agr. A. V&squez M., 1974).
while the soils are classified acenrding to the Y.S. taxonomy, the report
contains no detailed soil profile description.

i total of 60-70,000 ha within the district (in two sections, one
on the H.W. and one at the S.E. er.!) have been mapped at a semi-detalled
level on 1:25,000 maps. The report will contain detailed profile descrip-
tions. In additinn, four .ilot oreas adding up to 4 - 5,610 ha has been
mapred in a detalled way on 1:10,000 maps.

Other projects of the soils section have been 1 reconaissance
study of 30,000 ha atl reconaissance lovel of the Parrita area in cooperation
with the University of Costa Rica and an on=going project to prepare a

potential land use map of the Central Valicy covering about 193,000 ha at
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a scale of 1:100,000. This potential land use map is being done for a
joint comission of INW, MAG, ICE and SNAA. The area has also just been
covered by the National OPSA map from the stand-point of suborders of
soil at a 1:200,000 scale.

There Is a "Comisi6n de Riego'” in Costa Rica consisting of re-
presentatives of ICE, 17C0, MAG, Servicio Nacional de Electricidad, CNP,
OPSA and the Servicio Nacional re Aguas subtcrrineas. It fs working on
a master plan for irrication of the country.

The Department of Soils has only three professionals but appears
to have dynamic leadership. In addition to survey, it operates a small
part of the MAG laboratory facility for nhysical testing. If an expanded
program to map the country at series level was initliated, the fertility
and physical laboratories could probably be expanded in personnel and used
to characterize the soils under the new taxonomy. The Dcpartment is
limited in office space and cartographic capacity. The present staff is
Just about able to keep in the field using one additional car provided

by the Irrigation C.missi«n, in addition to its own.

A. Instituto de Tlerras y Colonizacién (17C0)

The Institute of Land and Colonization was created in the carly
60's as part of a major national effnrt to ohtaln lands for the landless
by the establishment of asentamientos''. Some of thesz settluments came
abeut as the result of resettling upro ted people such as those displaced
by the eruption of the Volcano lrazu or by the necessity of stabilizing

setticments on lan‘s occupied by squatters withou titles,
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In additfon general natural rcsources surveys were made in relatively
unoccupied forested areas on the theory that large areas of agricultural
lands could be found and developed into colonies. This proved overopti-
mistic.

During the 60's four of these general resources studies were
made in the lorthern frontier areas. These studies were Upala (app.
1700 km?), Zona Norte (app. 8500 kmz), sarapiqui (app. 3000 kmz), Estudio
Atl8ntico Norte (app. 5000 kmz). Other smaller studics such as the Estu-
dio Bataan were also carried out. The map of these studies received
technical assistance of the German Geographers H. Nuhn and G. Sandner.
Natural resources such as climate. solls, vegetation and water resources
and human soclological aspects were covered. Soils were classified by
the seventh approximation (now new taxonomy) but only on the basis of a
few sampling sites and mostly by visual inspection with very little
laboratory data. Although other areas, notably the Southeast, are in need
of such reconnaissance studies, the approach was not continucd after the

advisors left in the early 1970s.

At present soils s included in a sectlon of the Planning

Department of 1TCO.

1. Denartamento ''e Planificacidn

This departrent consists of a section on Basic nvestication
which primariiy docs soil survey, a scction on Evaluation an/ Statistics

and one un Plans and Projects.
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a. Seccién de Investigaciones Bésicas

In recent years this four men section has concentrated [ts
efforts on more detailed mapping of arcas suitable for colonization which
have mostly been obtained by purchase. They are receiving technical as-
sjstance from A. V&squez, head of the Sofls section of the Direccién de
Riego y Drenaje, especially with regard to their largest project, a part
of the Finca Palo Verde near Bagaces, Guanacaste. This project covers about
18,000 hectares, and a part is being mapped at a detal led level which
consists mainly of alluvial soils and vertisols. The israell government
has a technical assistance mission to plan an:! assist with the subsequent
phases necessary to complete the project.

The iTCO soils qroup is small, under equipped and are not trained
in the new taxonomy. From a standpoint of efficiency It would appear
logical to combine this grour under Ing. Vasquez and form a single solls
group to serve national Institutions 1ike the Office of Irrigation and
Drainage and 17CO.

As of the end of 1976, 1TCO is saic to have helped over 22,000
families and affected land use over some 750,000 hectares or about 15% cf
Costa Rica. Map 2 indicates the location of ITCO asentamicntos which are
spread throughout every province. ITCO is under considerable criticism
and the "Programa de Gobierno 1978-82" of the victorious Partido Unidad,
singles it out for reorganization. This will probably result in changes

in the structure, support, type of work and auantity of work it does in

solls.
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C. Universidad de Costa Rica

1. Facultad de Agronomfa

The faculty consists of three divisions, namely:
- Fitotecnia (Plant Sciences)

- 2ootecnia (Animal Sciences)

- Economfa Agrfcola (Agricultural Economics)

a. Departamento de Fitotecnia (Soils Part)

There Is no separate soils department.

The staff concerned with soils consists of three full-time
professors (Elemer Bornemisza, Alfredo Alvarado and Alberto S5enz who carry
most of the course load. Carlos Lépez and Miguel Gonz&lez teach part time
but are mostly engaged In research at the Center of Agricultural Research.
In addition, ther: are threce other part-time professors (Santiago Flores
Bernardo Chaverri and Carlos Chavez.

The standard courses given are the following:

- General Scils thrice a year
+ Soil Fertility twice a year
- Soil fonservation twice a year
- Soil Genesis an:!

classification once A year

- Soil-Plant relation-

ships (for Animal

Science students) once a year
- Agricultural Produc-

tion | (for Agricul-

tural Economics

Students) thrice a year
- lrrigation once a /ear

All courses arc one-semester courses.

The total number of students enrolled in the Faculty of Agronomy
Is approximately 2000. Of these, about 105 rcceived their degrce in 1977.
A similar number received their degree each year for the past 4-5 vyears,

indlcating a fairly high drop-out rate amonc the students. Of the approximatel
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105 Ingenleros Agrdnomos graduating, 12-15 generally write their theses on
investigations connected with a soil probiem. There Is demand for more
thesis work on sofls by the students, but the capacity of the faculty to
give support to soil research projects Ly students is limited.

In a cooperative prngram between CATIE and the UCR there are
about 50 graduate students who present thélr thesis each year. Three
or four are written about ©nils problems.

There is a student-teaching laboratory for soils and two
laboratories for research in soils. The smaller of the research
laboratories Is mostly devoted to work on trace elements.

The library of the University is improving in the field of
solls. However, it does not appear tc meet the needs for good theses
without being supplementud by the private collections of the professors
and the library of CATIE at Turrialba.

The University soils staff zeems quite capable of giving students
a good background in soils and scimulating better students to consider
careers In those parts of soils science in which the country is wveak.

In addition to teaching, the professors als> do individual re-
search in soil formation and mapping, chemistry and fertility or do it in
nart by guiding s:iudent theses. Some of the projects are In cooperaticn
with the F. Baudrit Exp. Station and some field work is carried out un
farmer's fiel s,

Characterization and classification of soils derived from vol=
canic ash in different parts «f the country is one of the main projects.
The influence of different sci! Furming factors under the conditions of

Costa Rica are also studied.
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The soil chemistry work s mainly orlented towards micronutrient
problems. There is also work in cooperation with the university herbicide
specialist in studying the behaviour of these chemiccls in Costa Rican

solls.

About half dozen papers are published each year mostly in na-

tional and local level scientific publications.

2. Centro de lnvestlggpiones Agronémlcas

This laboratory is the former STICA soils laboratory. It has
been part of the UCR since 1960. It is located on the University campus.
The laboratory is devoted to research in soils and plant relations, soil
chemistry and fertility.

Ing. Agr. José Francisco Carvajal Castro has been in charge of
the laboratory since 1958. The center reccived help from the University
of Florida contract in past years. Its present personnel consists of
(including the Director):

- Six professionals (including one D.Sc. in Plant

Physiolegy, two H.Sc., two Ing. Agr., one Chemist)
(C. A. Ldpez and M.A. Gonzflez cmrry out much of the soils
research).

- Five laboratory assistants.

- DOne Secretary.

The present budget is in excess of US$100,000 per year and comes
entirely from the UCR. The laboratory has published numerous studies and
bulletins. It is rather well equipped and is adding major peices of

equipment, according to the following list:

Alreacdy on hand:

- One cmission spectrometer for N 15 analysis {only one in tentral

America).
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- One atomic absorption spectrometer.

- One beta-counting unit, completely automatic with printer.

- One scintellation counter, fully automatic, for 300 samples.

On orjer:

- Complete unit of gas chromatograph, fully equipped to work on
pollution of agricultural environment (with this unit the laboratory
will need two more Ph.Ds. who will transfer from other divisions
of the University).

Equipment planned for next year:

- One differcntial thermal analysis unit.

- X-ray diffraction equirment for soil clay mineralogy.
If this equipment is obtained it will give Costa Rica a capacity to
classify soils to the family level unique in Central America. This
capacity might be considered for sharing with other countries.

The building is fair sized and has two floors for laboratories
and office space and a smail greenhouse for pot tests and similar work.
The Director informed us that plans are advanced for a new building about
double the capacity.

in January 1975 the Center published a small volume ''Contribu~
ciones 1955-1974" which lists all the work done by this laboratory since
it was started fn 1955. It includes ;ublications elither in bulletins or
in various technical journals, technical books, papers prepared for meetings
and student theses done under the supervision of the Center. Work covers
chemical and physical characterization of soils, nutritional aspacts of
many crops inciuding responses to trace elements, with a special interest

in coffea and development of foliar analysis.
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The work program for the 1976-1980 period plans the following:

a. Uso y componentes del nitrégeno en suelos de Costa Rica.
b. Estudio y corveccién de la fertilldad de suelos Scidos de Costa

Rica.
c. Toxicidad de aluminio.
d. Estudio de las propledades fisicas de los suelos que Influyan en su

riego y drenaje.

e. Determinacién de niveles crfticos (de elementos nutritivos) en los
cultivos de mayor importancia.econdmica.

f. Investigaciones dc métodos bioqufmicos de diagnéstico del estado de
nutricién de ias plantas.

g. Reguladores del crecimiento.

h. Nutrimentos requeridos por las plantas cultivadas en suelos de fer-

tilidad variable.
. Génasis de los suelos de Costa Rica.

Some of these projects are to be cooperative with members of the
faculty not on the Center's staff. '

With the shift In research em hasis at ’d{‘«TlE‘, the UCR has become
the only major source of soil chenistry research in Costa Rica and probably
the best in Central America. Many of its more basic studies should have
application throughout the Central /merican reglon.

Perhaps it Is time to think of a network of regicnal research
Jaboratories for Central Americay in soil and plant chemistry, soil
physics, solil mineralogy and scil microblology, In which casc the center
and the faculty probably qualify for soil and plant chemistry.

The significance of the ,roblems selected and the dissemination
and practical application of results is critical in evaluating the im-
portance of research of this kind. The center certainly brings its work
to the attention of nctional agronomists. At the second biennial agrcncmy
congress in Costa Rica in 1076, the center was responsible for 22 cf the
37 studies presented in the sections of plant physiology, soifl and ferti-

lizer and annual .lants. Since this laboratory has now been opcrating

und..r the University for more than 1, years, it would Le »f value to analyse
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the impact of Its research on agricultural concepts and practice in Costa
Rica. It is probable that fundamental research in soils and plants
should be considerably increased in Cential America, If it can be shown
that the mechanism for translating results into practical use can be made

efficlent. This could be a case study.

3, Experiment Station Fabio Baudrit Moreno

This experiment station of the University was cstablished on
the Central Plateau near Alajuela in 1955. It contains about 120 hectares
and Is used for conventlional expcrimentation and thesis work. The
Director is Ing. Agr. W. Lorfa. The 1h man technical staff specialize
from speciflc crops such as corn, legumes, etc. to such fields as crop
diversification, weed control, fish culture and ratbit raising. They
have cooperative projects with the Ministry of Agriculture in such items
as coffce, horticulture and minor fruits. There is a question in our mind
as to the efficiency of the Ministry of Agriculture and the University
having separate experiment stations and experimental programs. In spite
of the fact that there are cooperative projects one gets the impression
that considerably mcre cooperztion could be achleved in the field of soil
fertility.

The Ministry of Agriculture has the important advantage of 2
number of experimental stations and regional extensfinn centers for testing
and disseminating. The University partially overcomes this by having a
Coordinator, .ng. Agr. Ernesto Araya, to rclate the research to the ex-
tension service of the Ministry of Agriculture. There are some 40 students

theses per year carried nut at the experiment station or on projects
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throughout the country, partly supervised by the staff of the experiment
station.

There are no specialists or specific projects strictly related
to soils. The staff depends upon the trained University professors for
their needs and to give guidance to students on the solls aspects of their
problems.

Perhaps, the most interesting project at present in soils is a
project Introduced by CIMMYT for testing of corn and wheat. Some 25 parcels
of wheat representing 29 varleties and 118 parcels of corn have been
planted around the country from sea level to 800 meters elevation. These
are planted and cared for with the cooperation of the regional center
personnel and individual farmers.

CIMMYT has introduced a methodology for comparing the farmer's
traditional practice with a complete technical jackage including variety
fertilizer need and disease control and with a minimum cost intermediate
technology. The results are biometrically analysed for significance.
Those practices which prove superior over a sufficient time period are
then tested in demonstration plot: on farms .wnd shown and recommended to
others in the area. The program is only in its second year. The methods
and results seem to have impressed the cxperiment station staff enough
to inducc them to apply the technique to trials of zuchinl squash,

cucumber and beans.

It would appear that these trials would suffer from many of the
same problems which result in loss of fertiifzer trials conducted by the
workers of MAG. The aspect of following through promising results through

demonstration and other means of gaining acceptance within the community
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appear to be important ingredients which recelve Jess emphasis in the fer-
tilizer trials of MAG.

The soii/climate analogs which CATIE/ROCAP are developing with
the assistance of the sofl szientists fo Central America could be of value
in the selection of sites for these trials, based on more exact knowledge

of solls series and capability units and climate.

D. Oficina de Planecamiento Agropecuario (OPSA)

OPSA was organized under the Consejo Agrfcola Hacional (CAN) in
order to coordinate planning in the ficld of Agriculture. CAN is under
the chalrmanship of the Minister of Agriculture and Livestock and includes
representatives from the Ministry of Industries and Commerce, the Central
Bank, the National Production Council and the Institute for Land and Colo-
nization (1TCO).

OPSA has a high level technical committee which includes directors
of planning offices in different institutions. At present work is concen-
trated on a national plan under 2 contract with 1ICA which hires the
technicians producing it. It is uncertaln what permanent structure OPSA
will finally have or what its role will be in planning policy affecting the
field of sofl science or whether it will have a technical staff with
specialists in the field.

0PSA recognized the lack of any satisfactory general map of soils
even for macro-planning. Therefore, it set up technical section under
5. P8rez and contractec A. Alvarado of the University of Costa Rica. Together
they quickly produced a national map at 1:200,000 using Alvaradn's

com;lete bibliography of random soil studfes carried out over the years,
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and supplementary Information from topography maps, and information about
1ife zones, climate, land usc, forestry, etc. A manual which will explain
the map has been prepared by A. Alvarado and E. Knox, consultant for the
AID/CRIES project who also needed such a map for his work. The map has
a total of 56 soil associations. The first part of the manual will des-
cribe each of these morphologically and also describe agricultural aspects
of the Soil Association. A second part will give all available chemical
and physical data.
To obtain additional data in the future it is suggested that about
10 UCR students each year, could prepare their theses for graduation study-
ing and classifying soils in the field under the direction of Ing. Alvarado,
It Is expected that zach student will Iz ablc to produce data for 6-10
profiles and obtain valuable experience in soil scienca. If Alvarado leaves
for additional graduate work this plan would have to be abandoned temporarily.
The map is the best which can be made at this time. It is
recognized that it should be field tested and continuously improved in the
geographic accuracy of the soil units and by the identification and better

characterizatton of soil series and phases.

E. Commercial Compznies

1. Fertiza S.A.
Fertica S.A. is the principal fertilizer company in Central America.
It started as a subsidliary of Granos y Fertilizantes S.A., México. The
latter company still has a mcjor interest in Fertica, which is organized

regicnally as Fertica - Centro América and in several Central American
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sountrics as a national company, like Fertica - Costa Rica. Fifty percent
of the shares of the latter company were recently acquired by the Costa
Rican government.

Fertica - Centro América has a Technical Agriculture Department
whose main office is near San Jos&, Costa Rica. The department was
started abcut four years ago and consists of two Agronomist Engineers
(Ing. Rodolfo Acosta, Jefe and Ing. Jurge Bonilla, Sub-Jefe) and two
addjtional Agronomist Engincers each in Costa Rica, Gu~temala, El1 Salvador,
and one each In Nicaragua and Panama. No one s based in Honduras.

This group carries out field experiments with the following
crops in all six countries: sugar canz, corn and sorghum, In addition,
field trials are done with cotton in fuatemala, Nicaragua and E! Salvador,
horticultural crops (mostly potatoes, tomatoes and cabbage) in Panama,
and rice and African oil palm (the latter in cooperation with the United
Fruit Company) in Costa Rica. There are also some small trials with coffee.
Necessary greenhouse studies are done through the cooperation of CATIE
and statistical analyses at IILA. The total annual program covers about 35
field experiments.

In setting up field experiments soils are identifiad thorugh sofl
survey information, if such exists. Otherwise, soi! samples are taken
and sent for analysis. In Costa Rica, the MAG and CATIE woil laboratories
are avallable to Fertica at limited cosi. The Fertica ‘uilding has space
for 2 laboratory, but none has be r installed for a number of reasons, one
being that Fertica feals that if they analyse soil samples for their cus-
tomers, these might distrust the results since Fertica's business is selling

fertilzers. However, Fertica does opcratc one laboratory in El Salvador.



- Ly -

Field trials gencrally involve rates of N, P, K alone and in
combinations and also often ratecs of Mg and S. Fertillzers used to set
up experiments are mostly combination of single element fertilizers like
NHnSOQ, NH“ NO3 and triple superphosphate. Host experiments are set
up on collaborating farmer's fields with Fertica supplying fertiiizer and
pesticides for the field trials.

Fertilizers produced and sold are many mixtures cf N P K, often
with the addition of other elements like Mg, S, Zn, Fe and B, costa
Rica's fertilizer use is high being up to two thirds the average European
country and second highest in Central America. Fertica maintains factories
at Puntarenas, Costa Rica; Acajutla, FEl Salvador, and Tecun Uman, Guate-
mala. Fertica also sells a complete line of pesticides and is the exclu-
sive representative in Central America for Meshenev, an Israeli company
producing pesticides,

Fertica has a program of assistance to students (two students in
cach C. A. country are supported each year with n U.5.$1500 scholarship).

The effect of higher prices for petroieum were noted by Fertica
through a 30% drop in consumption. Prices of fertilizer have -Joubled

since 1974-75.

2. Other companies

Other fertilizer companies in Cnsta Rica and Central America that
compete with Fertica, Abonos /gro and Abonos Superiores, merely mix
fertilizers. Abonos Supcriore: conducts some simpie fortilizer trials.
Nitrophoska (B.A.S.F., Germany), Albatros (Holland) and Rustica (ﬁolland)

import mixed fertilizers.
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F. Centro Agrondmico Tropical de investigacién y Ensefianza (CATIE)

1. Research and Teaching

11CA at Turrialba (now CATIE) has made Important contributions

to sofl sciente in Latin America since Its organization in the 1940's.,
A considerable part of the work has been in support of tropical crop
studles such as cacao, coffee, beans, pasture, etc., or as student theses.
An extensive program involving use of radicactive atomic tracers for soll
and plant research was carried out from 13957 to 1970. This work was sup-
ported by the U.S5. Atomic Encrgy Commission.

From 1956 - 1966 Dr. F. Hardy was a member of CATIE's staff.
He had long been with the Imperial College of Agriculture (now University
of the West Indies) in Trinidad, and was one of the world's authorities
on tropical soils. While at CATIE he worked closely with the cacao program.
Other notable 'soil scientists at CATIE, including several supported by
FAO were Drs. J. Martini and H. Fassbender and E. Bornemisza in soll
chemistry, L. Muller in plant nutrition including demonstrating trace
clement deficiencies on tropical crops, E. Besoin In Soil Mineralogy,
S. A. Gavande and Y., Forsythe in soil physics and E. Knox anc F. Maidonado
in volcanic soils. Much of the work involved soils of the Turrialba area
or Costa Rica. Some soil survey work was done cn the Atlantic coast in
the early 50's and later in other areas as student theses to characterize
sofls by series.

The soils staff at CATIE has produced important books in Spanish
oriented toward tropical solls and the nceds of Latin Amcrican students

and soil scientists.

These include two books on Tropical Soils by Hardy and single
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volumes on Scil Chemistry by Fassbender, Soil Physics by Gavande, a
Laboratory Manual for Soil Physics by Forsythe and a Laboratory Manual
for Soil Chemistry by J. Saiz del Rio and E. Bornemisza. A volume on Soll
Mineralogy by E. Besoin is still in press.

The permancnt soil scientist staff at CATIE now consists of
Dr. R. Bazsn who originally worked closely with Dr. Hardy and Ing. R.
Dfaz-Romeu, Chicf of the Soils Laboratory. In addition, from mid 1976 and
terminating in early 1978, CATIE has recelved support from ROCAP for a soll
fertility project under the direction of Dr. J. Walker. One of the
objectives of this project has been to encouragc CATIE to assume the role
in scil fertility which North Carolina State Univeristy has relinquished.
Another has been to stimulate a regional effort to identify similar solls
or soil analogs and help develop a methodology.

Drs. R. Bazan, H. Mewton, P. Duisberg, J. Ualker and Ing. Agr.
W. Bejarano have participated with national cooperating soil scientists
including Ing. Agr. E. Marin and E. Sequeira of Nicaragua, M. Rico and E,
Denys of E1 Salvacor, i. Yuksel and J. Dfaz of Honduras, and Dr. F.

Calhoun of the University of Florida in the analog project.

2. Soils Laboratory -~ CATIE

The soils laboratorics at CATIE were started about 1958 and
primarily served thesis and research needs. In 1976 additional support
was provided by ROC:P with the idea that the laboratory under K. Dfaz~Romeu
might come to sarve as 3 control lahoratory and innovator of mthodology

for the rest of the Central American Isthmus.
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The laboratory performs ﬁhysical and chemical analyses of solls
and also docs plant tissue analysis. Water and fertilizer samples can be
analysed, if necessary. During 1977 approximately 2000 samples were
analysed ¥or chemical analysis, for physical nalysis or for foliar
analysis.

The estimated maximum capacity of the laboratory is (If needed
and assuming additional assistants) 25,000 samples per year. Chemical ana-
lyses normally made arc the following: pH, extractable acidity, Ca, Mg,

K, S; also B, total exchange capacity, organic m~tter, total nitrogen,
electric conductivity. Physical detcrminations which are made are:

moisture content, snecific gravity, bulk density, texture, consistency,
moisture curves, infiltration rates, field capacity, hydraulic conductivity.

Recently a system was devised to record Jata on type-written
forms, filed by countries. Within each country they arc to be subdivided
according to rolitical administrative units, and soil suborders and
series. Until now only Costa Rica samples anc a small number from Honduras
have been submitte’ for analysis by the CATIE rescarch staff and students.

Major picces of laboratory equioment are: one atomic absorption
spectrophotometer (PE 570 A) with double beam and digital reading. The
laboratory has a modern 'reverse osmosis'' apparatus to make distilled water.

The laboratory has the use of CATIE': creenhcusc to make pot
tests on soils and for preliminary fertilizer trials., Fror October 1976
until December 1977 50 pot test studies were carried out. The space

avallable for this work measui'cs about 315 mz.
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The annual budget requested for the laboratory and its staff is
about US$80,000 from April 1, 1978 when CATIE assumes full responsibility
agafn. From mid-1976 through March 1978 it has largely been financed by
ROCAP funds.

The present personnel consists of Ing. {. Dfaz-Romeu, Head of
the Laboratory, assisted by four field and laboratory assistants. It may
be necessary to contract one more professional (Ing. Agr. or Chemist) in

the future.



Vi. RELATION OF SOILS TO OTHER NATURAL RESOURCES AGENCIES AND FIELDS

A. Present Organization of the Natural Resources Fields and

INDERENA

The term natural resources is generally considered to include
atmospheric, natural vegetation and forests, soils, water and mineral
and wildlifc resources. These Include such fields as meteorology,
geology, soils, hydrology, wildlife, natural vegetation, forestry and
geology.

The institutfonal situation with respect to these fieids in
Costa Rica is confusing. A number of natural resources components are
divided betwecn agencies on the tasis of function or neglected entirely.
There Is often little interchange between these agencies which could con-
tribute much to each other. Soils itself is o fragmented field because
by its very nature it must be considered both a natural resource field
and an essential field for agriculture.

Figure 2 is a diagram which shows the relationship of solls
agencies to the other agencies invclved with natural resources. Most
of the soils fields are not even linked to the same parent agency and
cooperative relationships between th:m are informal ot best.

This plus the rapid deteriorati-n cf the nation's natural resources
heritage through deforestation, soil erosion, sedimentation, and water
pollution as well 1s water shortage have caused a dramatic rccent change
from thinking in terms of rapid development and exploitation of rasources
to emphasis on devising means for more ratinnal use and conservation. This
shift in thinking extends from the presidant, cabincet ministers, offlcials,

scientists and technicians to thc new public conservation group, ASCONA.,
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In view of the special division of solls between natural resources and
agriculture, It is very important that soil scientists rethink the sul-
tabflity of the present insuitutional situation within their field and
advise the planners in CPSA, OFIPLAN and other national policy makers
before irrevocable decisions arz made,

One idea already ygll advanced without marked participation of
soils scientists is the proposal for the creation of an Institute of
Natural Resources and Conservation (INDERENA) . According to the proposal,
INDERENA would incorporate the Direccidn de Riege y Drenaje of MAG in-
cluding its soils section, be responsible for defining and applying policy
relative to potential use of sofl, carry out or cocperate in programs and
studies In classification and conservatiun of solls, inventory solls and
other natural resources and attempt to protect and conserve the soil and
control pollutants and contaminants. The controlling body of INDERENA
would include four officials of ministerial level and three professioanl
specialists in Natural Resources, Ecology or Conservation of the Environme
The future of soil science in Costa Rica could well depend on the way the
ficld is reorganized as the government tries to overcome critical pro-
blems by creating new institutions.

while the program of the Partido Unidad, which will govern from
1978-82 does not mention INDERENA, it clearly puts very strong emphasis
on the need for better coordinaticn of resources agencies and prctection

of the environment.
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B. Some Matural Resources Agencies

fegardless of whether or not the natural resources agencies are
reorganized under INDEREMA or in some other way, many will continue per-
forming almost exactly the same kind of tasks. A brief description of some
major agencles whick produce products which support scils studies or are
complamentary natural resources agencies follows:

1. Instituto Geogr&fico Nucional (IGN)

The Director Is Ing. Fernando Maury Rudfn and the sub-director
ing. Claudio Vieto. The IGN s the source of topographic maps, aerial
photography and remote sensing imagry. These tools are vital in soil and
land survey and classification and important In planning agricultural use
and conservation of the soil from the level of the region to that of the
farm.

it would be helpful if a national nlanning group could coordinat
needs for map and photoproducts on an annual basis. At present the iGN is
a part of the Ministry of Public Works. If the proposed legislation Is
adopted the 1GN would become a part of INDERENA.

The IGN is custodian for satellite fmag-ry and recelves referen-
ces on remote sensing and its applications from NASA.

Costa Ricans have received training In remote sensing interpre
tation as well as aspects of cartngraphy and photogrammetry at the Car-
tographic Schonl of the Inter American Geodetic Survey in the Canal Zone
of Panama. Recently two techniclans from the 165 and Inqg. Agr. A. Vasque:
of the Solls Department of i“\G were sent tc the United States to recelve

special training undor the sponsorship of BiD,
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Under a recent AID project a strip of multiband spectral
imagery will be flown by IGN across Costa Rica and used along with landset
imagry to develop methods for vegetation and tropical forest identifi-
cation.

The IGN is the custodian and sales qgent for maps, alr photo-
graphy and imagry and some geographjc works and publishes a semiannual
report.

In the 60's, Costa Rica began a Cadastral program under an AlD
loan. Certain parts of the country were covered, as for instance, Pérez
Zeledén buv the project failed of completion. The director of IGN has
jurisdiction over the Cadastral office. The area covered is available on
chronoflex transparencies at 1:25,000 which can be used for making maps
with properties delineated and lists of owners. The Cadastral office
is charged to maintain the cadaster.

Principal products of intcrest for solls work Include:

Aerial Photographs

Area Year Scale
Costa Rica 56-60 1:60,000

valle Central to Dominical and almost to
Guanacaste (some photos on the MNorthern

border missing) 64-65 1:20,000
Valle Central 56-~57 1:16,000
Valle Central 11 1:32,000
Guanacaste, HNicoya 52 1:20,000
Guanacaste Provincia !'untarenas (to Quepos) Lk-45 1:40,000

Costa Atlsntica and Pacffico and Cordillera
de Tilarén 58 1:32,000



Area
Pacifico Sur border with Panama
Costa Atléntica
Costa Pacffico Sur
Costa Atléntica y Pacffico
Penfnsula de NIco&a
Costa Atléntica (ocho 1fneas)
Guanacaste (not complete)
Valle General - Coto Brus
Costa Atl8ntica (prop. JAPDEVA)

Valle Central
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Year
48
53
53
53-54
55-56
48-51
70-76
70-76
74-76

70-77
(each year)

MAPS OF INTEREST

Area
Costa Rica (one sheet)
Costa Rica "

Costa Rica "

Costa Rica "
Costa Rica "

Costa Rica "

Costa Rica

Regién Central '

Valle Central "

Scale

1:750,000
1:750,000
1:750,000

1:750,000
1:750,000
1:750,000

1:756,000

1:200,000

1:150,000

Scale
1:40,000
1:40,000
1:40,000
1:40,000
1:32,000
1:40,000
1:20,000
1:20,000
1:30,000
1:50,000

Type
Vegetation

Climate~Rain{

Surface Watel
Resources

Geology
Rock Types

Ground Water
Resources

Uso Potencia
la Tlerra

Uso actual d
Tierra

Geology
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Area Scale Type

Guanacaste (one sheet) 1:150,000 (?) Geology

Costa Rica (ninc sheets) 1:200,000 Topographic-
complete for
country

Costa Rica (135 sheets) 1:50,000 Topographic~
complete for
country

Costa Rica (obsolete, not complete) 1:25,000 "

Costa Rica (one sheet) 1:1'000,000 "

2. Instjtuto Heteoroldg!gp

The meteorological institute is under the direction of Lic.
Norman Vega G. The meteorological service has been greatly benefitted and
the network improved and expanded as a rasult of the 11 year hydrometeoro-
logical program of the World Meteorological Organization of the UN which
terminated in 1977.

Distribution of meteorological stations in Costa Rica can be
seen on Map 3. These are maintained by the Instituto Meteorol&gico de
Costa Rica and the !nstituto Costarricense de Elecrricidad. According to
a 1976 U.N. document Costa Rica had 12 stations of Class A type (complete
installations) or one every 4200 kmz, 59 type B (temperature and rain) and
310 type C statfons (rain only).

A tabulation of climatic data for agricultural use donc by L.
Vives (Tabulacién para uso Agricola de lus Datos Clim8ticos de Costa Rica,
Unfversidad de Costa Rica, Facultad de Agronomfa, 1971) and members of Utah
state Unlversity (A.J. Pate, 'Validity of Evapotranspiration Precicticn in
Costa Rica", U.S.U., 1967, George H. Hargreaves, "Climate and Moisture

Avallability In Costa Rica", U.S.U. 197¢, fcorge H. Hargreaves "Monthly
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Precipitation and Moisture Availability for Costa Rica', U.S.U. 1976,
J. Kari Hancock y George H. Hargreaves Wppecipitacibn, Clima y Potencial
para Produccidn Agrfcola en Costa Rica", U.S.U., 1977).

It Is recognized that soil analogs can only be meaningful when
the climate can be taken into account. Trials are in process to test
out the ugillty of the Holdridge Life Zone transitions as indicated on
maps at 1:50,000 in parts of three countries. Costa Rica does not
have 1ife zone maps at this scale. If the 1ife zonc transitions at 1:50,000
prove valuable in making the first approximation soil analog for parts
of Nicaragua, El Salvador and Honduras, Costa Rica should consider contracting
the needed work. A later possible refinement would be the addition of
numerical metecrological averages or moisture avallability indices for

meteorologlical stations within delineated 1ife zone transitions.

3. Servicic Naclional de Aguas Subterrédneas

This agency is autonomous within the covernment. 1ts Director,

Ing. Alvarado Sudrez used to work ‘In the Rural Engineering Department, MAG,
where he was in charge of all water gauging stations along rivers and
streams. The agency has existed for about ten years, and originated as
an UNDP project, which lasted for scven years. Its task, as the nare in-
dicates Is to locate subterranean water supplies and prepare studies on
the subject. Its past work has concentrate:! in the «fo Tempisque area,
Rfo Viri11a basin, and Rfo Barranca area.

Presently it works mostly in the Penfnsula de Hicnhya. The agency

also drills wells, under contract with local communities and farmers.
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Analytical work on water is carried out for them by the SNAA labo-

ratory in Tres Rfos.

4, Direccisn Forestal

The "Direccidn Forestal' has sections on Investigations, re-
serves, operations ond reforestation.

There is also a subdirection on National Parks. To strengthen
the forestry organization in the country varlous measures are in progress.
The section of Forest Reserves is being combined with the National Parks
Service under Ing. Alvaro Ugalde, the Parks Service will be headed by
RaGl Soldrzano and Forest Reserves by Luis Méndez. A section on watersheds
and one on forest industries will be organized, The total budget will
jump from about £4¢000,000 to £26'000,000 according to latest infor-
mation available.

A map showing forested areas was prepared about 1966 and again
in 1977. This is valuable as a measure of the rate of deforestation and
new areas open to potential soil ccnservation hazard. The maps were
created with help of the FAO at the small scale of 1:1'000,000. There

are preparations to »btain more detailed information.
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Vil. COMPILATIONS OF SOILS REFERENCES NND MAPS

A. Bibliograffas Agrfcolas de América Central - Costa Rica, Bi-
bliograffs, nfmero 5. Centro Interamericano de Documentacidn Informacién
Agrfcola, LICA-CIDIA, Turrialba, Costa Rica.

Approximately 350 solls references included.

B. Indice de Mapas de América Latina y el Caribe existentes en el
LICA-CIDIA.  11CA-CIDIA, Turrialba, 1975, lists of maps which appear useful
for solls. Includes type of map, scale and year. About 100 pertinent maps

1isted.

C. A separate appendix listing specific soils reports and maps is
being prepared for the conference on sofl analogs. It will be quite
incomplete but provide a basc from which Costa Rican soils scientists
should work following the conference. It is hoped that eventually each
country will have a very complete listing and that copies can be trans-

mitted to CATIE so that it can maintain a file for the region.

D. The following references In the text of this report should be
completed later by Costa Rican soll scientists. There was insufficient

time to do this before the regional conference
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Literature Cited or Recommended (to be completed by Costa Rican

soll scicentists using standard reference format for missing data)

12.
13.
14,

15.

16.

17.
‘8.

United Fruit Company Records - 1918 and on.

H.M. Bennett, General Survey of Costa Rica, 1924,

Robinson and M. Stryker. Sunvey for abaca areas, 1951,

Standard Fruit Company, Records, 1950 and on.

1ICA = Turrialba - Student theses.

Journal “Turrialba'. Review of Articles.

AGRINTER - Quarterly references from about 1974 by LICA/CIDIA,

D6ndoli and J. Torres. Soil survey, part of Meseta Central, about 1954.
Vargas, Soil Survey, Part of Meseta Central, about 1958.

Coast and Vargas, Soil survey, Tempisque Valley, about 1959.

Leitdn and S&enz, Sofl Survey, Part of Pacific Coast, about 1958.

C. V. Plath, Land use potential bulletins and map, FAO, about 1966.

Coto and Torres - 1:750,000 land use potential map, 1970.

A. Alvarado, Evaluacidn sobre clasificacisn de suclos en Costa

pica, Bol. Tec., Vol. 5, Fac. Agronomfa, U. de Costa Rica, 1972.
General inventory of physical resourccs, Costa Rica, U.S. Resources
Inventory Center, about 1965.

Index of maps of Costa Rica, OAS, about 1965.

Soils of Mexico and Central America, text and map at 1:5'000,000, 1975.FA0.

A. Alvarado and S. Pérez. Soils map of Costa Rica at 1:200,000 with

booklet, 1978.



19.
20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

30.

3.

32.

33.
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H. Mowry, Fertility publications, 1950's,

Research papers from the Atomic Erergy Program at CATIE during the
60's.

Coffec Growers Magazine, Article on Soil Conservation, 1935.

Three theses on soll conservation under Dr. . Forsythe, CATIE, 1970's.
Creacién del Instituto de Recursos Naturales y Conservacion

Ambiental (INDERENA) y del Organismo Regulador de Serviclos Pdblicos,
Proposal of law, 1977.

Ley de reforestacin, Dictamen afirmativo de mayorfa de 1a Comisién
Permanente de Asuntos Econdmicos, Expediente 7616, 1976.

Documents on soils and fertility trial data from Department of
Agronomy, MAG.

Publications and data from N. Carolina State professcrs.

Documents on Soils and Fertility trial data from the Department of
Coffee Research, MAG.

Documents and theses on fertility trails from the University of

Costa Rica.

Aleger, Editor.’ Friendly land and friendly people. Reports from staff
of the University of Florida Contract, early '60's.

Reports and maps by A. Visquez and soil department of MAG, 1970's.

A. Visquez. Estudio del suelo a nivel de reconncimiento, Proyecto

de riego mediante el aprovechamicnto de las aguas de la laguna de
Arenal. 1974,

H. Nuhn and G. Sandner and I1TCO studies on Upala, Zona Horte, Sarapliquf,

Estudio Atlantico MNorte and Bataan. 1960's.

Solls articles in Agronomia Costarricense, 1977.
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35.
36.
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Soils and Fertilizer trial papers celivered at the Biennial National
Agronomy Congresses, 1974 and 1976.
Bulletins on Soils from the Centro de Investigaciones Agronémicas.

Carvajal, J. Centro de investigaciones AgronSmicas, contribuciones.

1955-1974. 1975.



EVALUACION SOBRE CLASIFICACION DE UELOS EN COSTA RICA

Alfredo Alvarado H.*

;ntroduccibn

Al isual que en otras pqrtes del wmundo, en Costa Rica han sido las
necesidades lgricolao las que originaron el primer sistema de cla-
sificacién de suelos. bl agricultor se ubics en aquellas &reas en
las cuales la "tierra".;o "dio mds" y las separé en malas y bue-

nas.

El uso posterior de lositerrenos adquiridos, factor determinante
en la ganancia o purdlda del potencial asgricola del suelo, define
en parte ‘el que algunosfde ellos clasificados dentro de una de las
dos categorias, pasasen.a la otra al perder sus horizontes superio
res o al sufrir cambios ien si debidos al laboreo.

Dentro de este marco se desenvuelve el pais durante todo el perfo-
do colonial y adn durante bastantes afios de la época republicana. .
Con la creacior de la Escuela Nacional de Agricultura (1926) y an-
teriormente de dependencias gubeinamentales como «1 Departamento

de Agricultura (1912) la situacidén cambia poco a poco, hasta que
en dichas inatituciones.se comienzan a realizar estudios de clasi-

ficacion.

En la actualidad, ademas de los trabajos realizados por la empresa
privada, las instituciones oficiales .que mas han laborado en este
sentido han sido el Instituto de Tierras y Colonizacién (ITCO), el
Ministerio de Agricultura y Ganaderfa (MAG), la Universidad de ‘Cos
ta Rica (UCR) y el Inatituto Interamericano de Cioncias Agricolas
de la OEA (IICA).

P;ofeaor de Suelos, Unﬁversldad de Costa Rica, Facultad de Agrong
mlae.
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fMaterialoa y métodos

La clasificacién de suelos on Costa Rica ha sido efectuada por ai
ferentes investigadores, bajo diferentes siatehas. en diferentes ¢
pocas y a diferentes espalaa. Se pretende reunir esta informacion
y presentarla en forma de mapas para el Valle Central (Mapa 1) ¥
para el pais en éenerali(uapa 2), haciendo grupos de acueédo a la
escala en que se efectuaron los travajos y explicando algunas de
sus caracteristicas.

Escala 1:1.,000 a 1:10,000

Se incluyen en este grugo los estudios de 1) tesis efoctuadas en
la Universidad de Costa!Rica y 2) empresas qgricolas y algunos in-
vestigadores presentados o no a los bancos para la obtencién de
créditos.

1) Entre los primeros, las cacalas varfan mucho y la calidad de
los mismos es de regular a aceptable. Su mayor merito es el
proporcionar una idea bastante acertada acerca de la composi=-
cién mineraldgica, ﬁuimica y fisica, a veces, del drea que cu
bren. Puede decirse que son un buen trabajo preliminar pero
su grado de interés. decrece conforme se trate de ahondar on as
pectos pedogeneticoé. Por otro lado, siempre se adjunta al ma
pa de Clasificacidn del Suelo otro de Uso Potencial o Actual o
Erosion que permite;algunaa interpretaciones mds o menoa gene-

rales. o !

Los trabajoes de este tipo varian en sus sistemas de clasifica-
cién y ocupan en su msyoria secciones localizadas dentro del
Valle Contral, en tierras de café, cultivos de subsistencia ¥y
ganaderia. - Se incluycn en su mayoria en el Mapa 1 y su cali
dad mejora conforme nos acercamos al presente (1, 5, 7, 10,.43



2)

51, 52. 8, 63, 72, 73, 78, 79, 81, 9k, 95, 99, 116, 121,
133, 1,9). '

Entre los segundos se cncuentran todos aquellos ‘rabajes
que la agricultur; del banano, hule y cacao ha re¢ uer:io
para 8u desarrollo. Prcsontan en su mayor{a mapac de Ca
pc-idad de Uso yiestén ubicados en las costas Atldntica
; Pacifica del pais. Su calidad es aceptable y alguncs
han sido elabora'on con ayuda de laboratorios extra: io-
ros (8, 12, 14,;15, 16, 17, 18, 19, 20, 21, 22, 23, 2,
25, 26, 27, 28, 29, b5, U6, b9, 55, 56, 60, 61, 62, 6k,
65, 70, 80, 89, 91, 97, 98, 102, 105, 107, 108, 109, 110
111, 117, 118,.119, 120, 122, 123, 125, 126, 127, 128,

129, 130, 131, 132, 136, 137, 138).

t

Escala 1:11 .000 a 1:1,000.000

A esta .ategoria pertenecen los estudios 1) a escala 1:gional

y 2) r. escala nacional. e incluyen en sy mayoria en :1 Mapa

2.

1)

2)

wstos trabajos lai sido realizados por dos institu:iones
princinalmente; ¢) Instituto de Tierras y Colonizs:ibn
(ITCO) y el Ministerio de Agricultura y Ganaderia MAG).

El area cubierta por el ITCO abarca la mayor parte del
total mapeado en ¢l pais. Se basa en la fotointer;reta-
cion y su posteriog entudio de campo con algunos anali-
sis de laborstorioc (11, 30, 32, 33, 4o, k2, 43, 46 104,
a2h).

A sscala nacional’ encontramos estudios que cronolfgi:amqg

te no distan mucho (1954 a 1971), aunque sin son bastante
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diferentes en su contenido ¥y en su manera de representar las ca-
tegorias (n que se aubdiQiden. Estan basados en informaciones
anteriores a su publicacién y en pocos casos en datos de labora
torio propios (2, 9} 59, 66, 92, 101, 103, 106).

'

Varios

Ouras de indole dtferente a las anteriores han sido efectuados

por el Inatituto Imteremericano de Ciencias Agricolas (IICA) <y
la Organizacién de Estudios Tropicales (0T5), cuya informacibn

es importante de congiderar dentro de la clasificacién de sue=~
los del pais.

Estos trabajos estéﬁ basados en la fotointerpretacién, estudios

previos y andlisis de laboratorio. Sus escalas asi como su pre

sentacibn son variables y no ocupan, salvo algunas excepciones,

dreas bien definidas (3, 4, 8, 66, 68, 69, 71, 74, 75, 82, 83,
92, 93, 96, 100, 105, 134, 142).

Discusidn

Al presente,'la divisién del pais en zonas de suelos éimilares

ha sido hecha en unua forma tal -ue representa la realidad del
susﬁratato clasificado. En un principio se identificaron las
4reas de mayor auge econbmico y més accesibles para luego ini-
ciar el mapeo de aquellas otras de potencial agricola de reser=
va. (ueda ain una amplia regibén comprendida por la Cordillera
de Talamanca cuya situacién es incierta, lo que se desprende de
los trabajos de AID (2), Harris (66) y Pérez (103), quienes la
clasifican en un poriodo de seis aiios en trec categorias dife-

rentes.
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La. zona central /‘alle Central), a pesar fe contar con bvastantes
ectudios rmcr’ia uUna reclasificpciéu total. En la actualidad,
Feruz (103) es el que lu clasifica mejor, pero a escalas mayores
seré necesario efectuar nuevos trabajos 3b reconocimiento pura

sustituir los ya oxictentes (50, 52).

En 1a regién de Guanacaste, el mapeo necebarizmente deberd co-
rregirse, quird no tanto a escalas pequefias como & escalas gran-
dea, en las cuales el detalle os iuporréc&o o capi nulo.

‘La rona norte del pais esté cubierta acertadarente por las inves
sigaciones del ITCO (30, 32, 33, L3, 10*)L Solamente seré nece-
‘sario en lo descrito efectuar el anflisihs de .aboratorio para
completiarlo.

Dete hacerse notar que mapas sobre otros tonas (geologia, ecolo-
gfa y Uso Potencial) hon sido confecciondhos con ant .>ioridad al
sapa de suelos y han sido base de algunon!do los trabajos de ela
sificacibn edéfica. ‘

Rosumen

En total ue recopilaron 142 estudios de clasificucién de suelos,
de los cusles 79 fueron hechos a escula 111,000 a 1:10.,000 y o8
si todno diferentcs entre sf. A escala 1114.000 a 1:1.,000.00 se
encontraron 23 y otros trabajos sumaron 3

Se conrcccioﬁaron doas mapas de Areas ostu‘inéna para faciliter
cualquier estudio posterior, uno para ¢l Valle Contral {(Mapa 1)
y otro a nivel nacionul (Mapn 2). '


http:1:1.000.00
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Algunos suelos de Costa Rica identificados y clasificados segln 14 tanonanfls de U.$.0.A.

Appcndix B, Table 2. Soll Profiles for mep 1.

Perfil No. Lugar y/c serie Altitud  gryen Sub-orden Grupo-grande Sub-grwo  Familla Clime Auzor
1 (CR-55) San José Jde Arenal 38 km 306 Ultisols Humult Palehumult Typlcal Arciiloso mikto Troplcal Macles
N.E. Ciudad Cuesady {sohipertémico  Himedo (1969)
19°3¢, 85°17'0 3383 m»
serfes (1) San Carlos 26.02°C
2 {co-h7) 20 km N.E. Je Turrialba 530 iInceptisols Tropents Dystropepts Typic Wy fino Tropical "
o*58: W, 82°35' O aixto NGmado
isohipertémico 4266 em
. 25.0°C
2 2 km oeste o Turriaibo 760 " n " » " Troplcal "
7°5h' w, 83°43' O Hdmedo
Saries: Colorado 2036 s
2.2 °C
& (C&-32) 2 ke antes Blrrisito 1300 " " Humi tropepts o " Troplcal "
vl.‘a a Par;l’so Mz”’
L*st1t u, 83°51' 0 "=
5 35 21.8°
5 (CR-%6) 15 ¥m 3ntes Buenos Aires N0 Ultisols Humults Palehumults Ustic Arcillioso Troplical "
.- 9°03' H, 83°17' O Nixto Wémado
isohipertérmico 20A8 =m
z..z%
6 Susnos Alres 350 Ulcisols Aquult Tropoquults Aeric Arcilloso Tropical Alvarado
) Compafifa La Pinera tmbric m.do lr”b (1970)
. , -
Series: Tesblcrosa lootdraico 23°¢



CentinuaciSn Cuadro 2, Apéndics 8.

Parfil No. Lugar y/o serle M'r"’ Orden Sub-orden Grupc-grande Sub-grupo Famllia Climn FrRYS

7 (cr-12) Buenos Alres 500 Ultisols Husult Palehumult Or:~onic Arcilloso Ter 2 ¢l
g°9* N, 83° 20°' O kaolintic hﬁ!ﬁ" -:(‘ig;;
Serles Volcin (?7) isohipertérmico 3296 e

B5.7°¢

§ (cr-17) 18 km sur de San Isidro 750 Ultisols Humuits Palehumult Orthoxic " " »
de El General
9* 16' N, 83° 37 O )

9§ (fR-20) 2 km antes de Son isidro 300 Ultisols Humul t Palchumult Typic Arcilloso Troplead »
de €l General, Carretera o T mezclado homado
Panamcricana isohipertéraico 2648 mm
a® 24 N, 83° Mk O 2.2 *¢

10 (CH-36) 5 km de Turrialba 1000 Inceptisols  Andept Dystroandept Hydric Thizotropic, Muy him:d Luzwrriag
hacia Juan Vifas isohipertémaico Presnntam: (1970)
c* 53' N, 83° A8' O 2218 s -
Series: Birrisito 2*c

11 (CR-30) 2 km de Cervantes 1600 Inceotisols  Andept Dystrondept  Typic Medial, Moy b
hacia Cartago isotermic premoat g
9° 52' W, 83° 48' 0 2000 ==

19°C -

12 (CR-67) 2 km de Tapesco hacia 1600 inccptisnls  Andept pystrandept  Typic tedial, Muy Nomec'y ™
La Laguna tsotemmic ;t;;:w tajo
10° 13' N, 84° 2&' O -

3N .5t

13 (CR-57) 8 km de Cartago 1700 " " " " " Hdmedo "
hacla el lrazd ®OALINO
9. sh. N, a,o 5~| 0 “” ]

17.0 °C



ContinuaciSn Cuadro 2, Apéndice B.

Perfil No.

Lugar y/o serie

Clima

Al t:t“d Orden Sub-ardca  Grupo-grande  Sub-grupo Familia Autor
th (CR-€5) 3 km de Sen José de 1800 Inccptisols  Andept Dystrandept Typic Medial, Muy hisedo Luzerrlaga
1a Montafia Isotermic montano bajo (1979)
10° 7° N, 8A° 10' O 2800 wm -
16° ¢
15 (CR-35) Finca La Suiza | km 1900 " " " " " Muy hdmeio "
antes de Yara Blanca Momtan> bajo
10° 9' N, 8A® 12° O 3530 mn-
18°C
16 CATIE +600 " Tropept Dystropept " Franco fino Agulrre
Series: Reventazén Ninta 2682 sm  (Y971)
isohipertérmico  22.3 °C
17 CATIE +600 " Tropept Dystropept Typic Fino mixto 282 - ™
. Serles: Juray Isohipertémaico 22.3°C
18 (M, CATIE +600 " " " " Fino framcoso " "
n?) Serles: Instituto - aixto
(Normel) isohipertérmico
13 (#26) CATE! #00 Aquept Tropaguept Fiuventic " "
Series: instituto '
(Fzss pantancsa)
20 (#10) CATIE +600 ¢ Tropept  Dystropegt Tynic Fino mixto " »
Series: La Margot isohipertémmico
21 ()28)  CATIE 620-9% " " " " " "
Series: Colorado
22 Bagaces 1 8 Entisols Orthant Ustorthent » '::‘::“9‘

(1sm)


http:lontan.iW

Continuacisn Cuadro 2. Apéndics B.
Perfil Mo, Lugar y/c sarle "':‘“d Orden Swb-orden Grupo-grande Sub-grpo  Familia Clim Awtor
23 3anaces 1 D Vertiscls Ustert Pellustert Upic R-14ridge
et al.*
{1977)

24 Bzgaces 1 E Entisols Fluvent Ustifluvent’ Ustic - "
25 Eagoces 1 F inccptisols Tropept  Ustropept Ustic "
is Takoga 1 6 Entisols Fluvent Ustifluvent Typic "
27 f8arranca 2A tncertisol Tropept Ustropept Typic "
26 Turrialba

Siculrres 3 " " Eutropept " »
29 Les Inocentes 20 A " b Dystropept Ustic "
30 tns Inocentes 20 D Alfisal uialf Tropudalf Ultic "
3 sz B A Ultis ! Usult Tropudult Typic L
32 0sa8D2 Entisal Fluvent Yropafluvent  Typic "
33 SA S F tnceptisnl Tropept  Eytropept Typic *
34 Alajuela 18 ISEATI Ustalf Haplustalf Udic o
35 VolcSe 7, "

Sarapiqul 11 Ultisa) Humult Tropohumult Tynic
36 Vclcin Orosi 16 AVFisol Ustalf Hoplustalf Uitic "
37 Sznatorlo Durfn 17 Incertisol fndept Eutrandept Typic ¢

- am 8

38 2irrisito Inceptisol Andept Dystrandept Typic LAY B TR ]

(19€9)



Continuacifn-Luairo 2. Apéndics 8.

Perfil Nc. tugar y/o serle Altitud Orden Sub-~rden Grupo-grande Sub-grupc famiiia Clime Autor
»
3 -Cervantes tnce; tisol Ande; c Vitrandept tmbric Knox &
Maldonado
(1969)
4o Sirrisito ince, tisol Andept Dystrandept Oxic 1
11 trazl Ince; tisol Anlept Vitrandept Umbric "
52 Buencs Alres
C:opzhAfa La Pifera 450 450 Ulitisols Humul ts Palehumults orthoxic Arcillo, muy Troplcal Alvarado
Scries La Pilera ** fino mezclado himadc (1970)
&cido
Isohipertérmico
43 Puenos Alres 450 " Udults Tropudults Oxic Arcilloso, ”»
Compafifa Lo Pifera mezclado,
Series: Salitre ** &cldo
isohipertérmico
h& "~ Buenos Alres ASo v Humults Tropohumults  Orthoxic Arcillc, sy "
Compafifa La Pifera fino, mezclado
—sarlies: Buenos Alrest* Scldo
{sokipertémizo
AS " " " » ”» Typle Arcllicso "
mszclado
&cldo
isohipertérmico
[V » L) 1] " " " " [1]
7

A8



Continuacifn Cuadro 2. Apéndice B.

Parfil No. tugar y/o serle A ':‘“' Orden sub-oren Gruro-granie  Sub-grupo Fanilla Ciimo Autor

Ao

S0

51

52

53

54 (#8) 150 m. € carretera 1050 Ultisol Humult Tropohumalt Bosque muy Portillo
S Isidro-Dowinical himeds pre-{1974)
entre El! Alto y L montano
£l fombra troplcal
serics: La Divisidn 1uvioso

55 {#3) 1 km S caserfo San 7%0 " " " Bosque "
Cristétal vy 150 = O pluviatl
¢e carretera San pre-montno
tsidro-Dominical
Series: San CristSbal

56

5. Cerca Carretera Cartago- 2500- Umbric Ashy 2000 wm GonzSlez
vsicSn lrazd 2900 Vitrandept Isotermic 9°C (1972)
s=rles: lrazd

57 Corte camino Cervantes 1500 Umbetz Ashy ® 2000 s "
Parafso (3 km despulis Vitrandept shelstal 19°C
de Cervertes) isotermic
series: Cervantes

58 Sarie Birrisito 1200 Oxic sk 3800 = "
Finca Yictoria dystrandept i(sohipsr- 21°C
cza tno Turrialbe- térmico

Juen ViRas (lava 2000 afios)



Continuaci®n Cualro 2. Apéndice 8.

Perfil Yo Lucar y/o serie A":"‘d Orden Sub-orden Grupo-grande Sub-grupo Familia Clima Autor
53 Serles: Alajuels 850 Ho se han clasificado 1500 s
0. Carretera Alajusla - (8 meses)
San Isidro. 1/2 via 20°C
60 3245 {1, Barranca 220 Tropostults I | ]
Camino San Mateo - trop"lxl,:“ (:;;3
Esparta, | km E. viosc seco
de Jesls Marfa fve. Min.
21 1245-1. Finca del 190 T 1 e
) 3245-1. nca ropostults :
Sr. Luls Sénchez, ::::-i' i
en Zepllota - Seco (lb::pi
Cascz Jal 2073-2163 wm
27°%
6z Series: Colorado 730 Inceptisol Sosqu2 Rfos
2 km antes da himedo (1969)
Turrialba csrca troplcal
carretera
63 Serics: Parafso 1300 Inceptisol Soseus "
2 km desnués Birrisito en himedo
vfa a Cervantess presontano
Ch Serics: Buenos Alres 400 Ultisol Sosque : "
cerca Buenos Aires hissdo
Valle de El General tropical
(A5 meses
seco
6 . saries: San José del 300 Ultisol Bosque "
5 Arensl hémedo
3k km ME Cludad Quesada tropicat



Continuaci®n Cuziro 2. Apéndice B.
Perfil No. Lurar y/o serle ‘“t:t”" Orden Sub-nrden Grupo-grande Sub-crupo  Familia Clime Autor
8 gstrella. S.E. de Batasn Cerca Entiscls Psamments Udipsamments Alfic Loam limosc, Tropical Jiménez
R. Hatina nivel Udipsamments mezclado, no himedo (1972)
Mar Sclido, isohy- (Costa
pertermic Atléntica)
€7 Prcuare N. Bataan " Entisols Fluvent Tropofluvents Antic Loam mezclado " "
Finca Waldack Tropcfiuvents no Scido
. isohypertémmic
aL Monila M. Bataan " Entisols Nguents Hydraquents No hay sub- Loam limoso " "
Finca Waldeck grupo desa- mezclado
rrollado no &cido
isohipertémic
f9 Cclina E. Bataan " incertisol Tropepts  Eutropepts Vertic Loam arcilloso " L
Finca Monte Lftano Eutropepts mezclado
no &cide
isohypertémic
79 914 Vega (Aluviat) " Entisols Fluvents Tropofluvents Vertic toam arenoso " "
Csriari. Fca. Frutera Tropofluvents mezclado
Atdéntica no Scido
isohypertermic
7 cu; 11es (Aluvial) " Entisols  Orthents Troporthents Vertic Loam arsnoso fino * "
Est. Exp. Los Diamentes Troporthents csnizas volcinicas
no Scido, isohy-
pertarmic
n L2 Curla (Plancsol) " Ultisols  Aquults Fraglaquults Typic Arcitioso, mezcla- " "

Carlarl - Fca. Formosa

Fraciaquults do, no Scido
{sohypertermic



ContinuzciSn Cuadro 2. Apéndice B.
Perfil Hc. Lugar y/o serie A":‘“" Ordcn Sub-orden Grupo-grandc  Sub-grupo  Fomilia Climn Autor
7 Colombiana {Latosol) Cerca Oxisols Orthux Haplorthox Tropeptic  Arcilloso muy Trop. Wi- Jiménez
GuScimo - Feca. Louisiana  nivel taplorthox  fino, caolinita medo (Cos (1972)
mar . mezcladal, fclido ta AtiSa-
Isohypertermic tica)
74 Ridge Hill {latosols) " Oxisols Orthox Unbriorthox Typic Loam arcilloso " "
Umbriorthox arencso, arcilla
caolinita? Scido
isohipertémico
75 carlart (Latosol hydro- " Ultisols Aquuits Plinthaquuits Typic Arcilloso muy " "
m’orfico) Carlari - Plintaquults fino, mezclado
Finca San Padro. Scldo
{sohypertermic
76 Formosa (Gley homico " Histosols Saorists Troposaprists Hydric Arcillosc » - "
e hidromSrfico) Troposaprists mszclado
carlari - Finca Formosa “&cido
ischyperthemmic

*  Esea ctaglficaciSn se ha hecho con datos de Holdridgs et al.

#% Los nombres de las series son provisionales.

Fuents:

Oatos del Ing. Agr. A. Alvarado M., sin publicar, y tesis de estudlantes

y de otros autorss tal como ss Indica.
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