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SUMMARY

1. The present status of the soil fertility program in Central America
ranges from very good in Costa Rica, good in Guatemala, fair in Hondu-
ras and Panama to poor in Nicaragua, That in El Salvador is unknown
at present due to inability to contact reliable sources of information
and inadvisability of visiting the country at this time, Nicaragua's
poor rating reflects a tremendous penalty of the recent political
unrest, Panama's rating is not based on personal observation, but is
probably reasonably close. Both Honduras and Costa Rica's status have
improved distinctly over the past three years, In all the countries
fertilizer recommendations are being made based on chem_cal soil tests
and field experiment results from well-designed tests. Correlation
data are still inadequate for best results but this is gradually being
improved. Sulfur deficiency is endemic in the region and will become
more common as the use of S-free high analysis fertilizers increases.
The National soil fertility programs still definitely need backstopping
to varying degree, CATIE's failure as yet to replace Dr, Rufo Bazdn
as Soil Fertility Coordinator to assist them with field experiment
planning and interpretation is a serious threat to CATIE's influence
in the general area of Soils, Also, upon Bazdn's departure in 1978
the very active and promising regional soil analog project desinte-
grated, and the collection of maps, charts, data and computer program
work stored at Turrialba where they remain,

The number of well-trained Soil Scientists in the region is in-
creasing noticeably, especially on the various.National Soils staffs.
This, as well as the encouraging status of soil fertility expertise. is
undoubtedly a reflection of the strong impact of the Soil Fertility
Project, which will continue to be felt for years to come.

2. The original Soil Fertility Project Laboratory has been
merged with the CATIE Soils and Plant laboratories in Turrialba and
is now designated simply as '"Central Lab'" under the direction of Ing.
Dfaz-Romeu, The facilities are adequate as are subprofessional
personnel with the exception that he needs full-time services of a
secretary, Ing. Dfaz-Romeu is doing an excellent job of maintaining
close contact with the various National soils labs, training their
technicians as necessary and helping them with instrumentation, meth-
odology interpretation, and correlation of field and lab results,
There is a good relationship between this activity and the broad as-
pects of the National Soil Fertility programs in general, The Central
Lab represents essentially the only contact between CATIE and the
National Soil Fertility programs, of particularly Honduras and Panama,
Howevar, the Central Lab is tending to become a service lab for CATIE



graduate students' theses and SFCS sample analyses. This service
does not as yet appear to have seriously restricted Ing. Dfaz-
Romeu in meeting regional requirements,

3. With the exception of Costa Rica and Guatemala CATIE's
relationship to the various National Soil Fertility program is
essentially limited to the contracts between the Central Lab and
the National soils labs., The working relationship here is excellent.
Ing. Dfaz-Romeu also works with field fertility test data in helping
correlate chemical results, thus providing some contact between CATIE
and the entire National Soil Fertility programs. However, this does
not £ill the gap caused by lack of assistance in planning and inter-
preting field experiments.

There is no reluctance of National soils program people to
release data for information of colleagues in other Central American
countries, but there seems to be little activity of this kind, prima-
rily, I think due to the absence of a coordinator. CATIE's assist-
ance is welcomed by all the people contacted. One exception seems to
be the Guatemalan regional technology transfer groups which have not
released field test data even to the Soils Dept. there.

4, Undoubtedly, CATIE has the basic capacity to understand and
utilize accumulated soil fertility information in this region. All
of the Country Residents directing the SFPS program are good, expe-
rienced Soil Scientists or, in Dr. Mateo's case, an Agronomist with
strong soils background. Dr. Burgos, who is in charge of that project
1s a well recognized Soil Scientist., The problem is not one of lack
in expertise but one of priorities. Time is not usually available
for the SFCS staff to meet cheir assigned responsibilities and still
devote sufficient effort to planning and interpretation of National
fertility tests to be of significant help. An exception was found in
Guatemala, where Dr. Donald Kass is working closely with the Soils
Department on known fertility problem while carrying out his duties
as SFCS Country Resident.

5. Technical assistance to the National programs for improving
their capacity to make specific fertilizer recommendations is being
provided primarily through Ing. D{az-Romeu working with both lab and
field test staffs on correlation. At present this is the only support
provided, and significant improvement will probably await the appoint-
ment of a Coordinator. '

6. Soil fertility expertise is definitely increasing throughout
the region and is being incorporated into on-going National programs.
There is no doubt in my mind that the impact of the S5.F. Project is
being felt and that it will be a sustained effect, as evidenced by



the increasing numbers of people entering the field via advanced
training. There are now 1l professional Soil Scientists on the Cos-
ta Rican Soils Department staff for example. A Soil Science Society
of Costa Rica was established and had its first meeting this year,
This example, no doubt, will be followed by other countries in an
approach to orderly progress,

7. The Soil Fertility Project program is already incorporated
into National soil fertility efforts. This extends from the use in
practically all cases of the discontinuous model for field experi-
ments to the lab methodology, interpretation of results, and recom-
mendation of fertilizer to be used by farmers.

8. CATIE's response to regional soil fertility problems is
chiefly in the efforts of the Central Lab, except in Guatemala and
Costa Rica, However, CATIE has the expertise and I found a positive
attitude toward soil fertility needs., Policy, according to Dr. Ofioro,
is to address the problem of regional coordination of field experi-
ments by appointment of a successor to Dr, Bazdn as soon as possible,
Plans are being explored for a project to evaluate the role of organic
matter, e,g., crop residues and green manure crops, in plant nutrient
turn over and conservation, Another step toward contact and coordi-
nation of soil fertility programs is the Soil Fertility Seminar being
planned for early Spring, 1981, Dr, Héctor Mufioz, Technical Director
of CATIE, stated his concern with soil fertility problems in the
region and indicated that an experienced Soil Scientist will be ap-
pointed to fill the position of Soil Fertility coordinator. He said
that as a minimum CATIE will continue support of the Central Lab for
regional training and coordination, and toward transfer of technology
and planning and interpretation of field experiments,



RECOMMENDATIONS

The position of regional soil fertility coordinator vacated by
Dr. Rufo Bazdn in 1978 should be filled with an experienced
Soil Scientist at the earliest possible time,

The soil fertility coordinator should give especial attention
and on-site time to assisting the National programs in Nicara-
gua and Honduras in planning and interpretation of field
experiments,

Dr, Ofioro should take appropriate steps to insure that each
SFCS Resident is in contact with his country's soil fertility
program such as inviting soil fertility specia}}sts to partici-
pate in the SFCS annual planning.conferences, =/ -

CATIE should request permission of the Costa Rican government
for a limited number of control soil samples to be brought into
the Central Soils Lab without incineration, Methyl bromide
treatment could, substitute as a fumigant for roya,

CATIE should send experienced Soil Scientists, e.g., Ing Dfaz
and Mateo, to Honduras to review breakdown in communication
there and develop specific plans for strengthening collaboration
with their field experiment effort, )

Ing, Dfaz-Romeu should be sent to the States for several weeks
during the coming year for refresher training.

The Central Lab should address the problem of prediction of
sulfur deficiency in soils of C.A.

Ing. Dfaz~Romeu should be sent to survey soil lab facilities and
technician training needs in Nicaragua as soon as is convenient,

The upcoming Soil Fertility Seminar being planned by CATIE should:

a) Have a slot-allocation plan that will favor countries in
greatest need, e,g., Nicaragua and Honduras.

b) Place emphasis on field experiment planning, interpretation
and correlation with lab test data,

¢) Schedule, with Dr, Burgos' concurrence, at least one lecture
by each SFCS Resident on his program,

Four of the SFCS leaders are Soil Scientists and the fifth an
agronomist with strong soils background, Thus they would have
much in common with the national soils program staffs,



10. The Soil Analog effort should be rejuvenated as soon as possible,
and before the keen interest of participating National scientists
has dissipated,



General

Upon completing this evaluation and before completing my report
I had a 2-hour visit with Dr, Héctor Mufioz, Technical Director of
CATIE, Dr. Mufioz asked that 1 brief him on the results of the eval-
uation, conclusions reached, and suggestions as to ways that CATIE
could be more effective in meeting soil fertility needs of the Region
within its present budget, This I did and. found Dr, Mufioz interested
and sympathetic, He had an excellent suggestion in response to the
observed need for improved contact between the SFCS Country Residents
and the National soil fertility staffs., Every year CATIE holds a
planning conference in each country for SFCS and counterpart staffs,
Hereafter, Dr, Mufioz said, invitations will be sent to the National
Soils Dept, to attend the planning conference for their country's
SFCS program. I requested him to make the invitation "to participate
in", Another point on which I feel there is agreement, and on which
action can be expected, is the need for a Soil Fertility Coordinator
to fill the position vacated by Dr, Baz4n. Dr, Mufioz said that an
experienced Soil Scientist will be appointed to coordinate soil fer-
tility programs throughout the Region. He also said that as a
minimum, CATIE will continue support of the Central Lab toward meet-
ing training and coordination needs; and toward transfer of technology
to various countries and helping them plan and analyze their fertility
experiments, To do more would require adding positions and the money
is not available at this time.

We discussed the situation in Panama and I learned that their
soils lab is only temporarily located in Divisa. A site has been
acquired in Santiago and construction scheduled already, The agricul-
tural center will be located there, Dr, Mufloz pointed out that Ing.
Bejarano, country SFCS Resident in Panama, has 3 field experiments that
include fertility levels.

Regarding El Salvador and Nicaragua, he said that nothing is left
the same, and that both countries are going to need help urgently.
Nothing can be done in Salvador until stability has returned and there
can be some confidence that the organizations and their leaders are
going to remain for some time,

In general I was impressed with Dr, Muifoz's expressed concern
over improving the status of soil fertility information and expertise
in the region, and his intention to improve coordination and contacts.



Evaluation Methodology:

This evaluation was made by Consultant Robert W. Pearson during
a three-week period (August 17 - September 6, 1980), with assistance
from Mr. Roberto Dfaz-Romeu, the only remaining member of the Soil
Fertility Project Staff, and various persons on the CATIE, University
of Costa Rica, and Ministry staff who were closely associated with
the Project over a period of several years, A list of the persons
contacted is included as Appendix A of this report, Guidelines for
the evaluation include the following:

1. Present status of the soil fertility program in Central
America, This was accomplished through review of soil
fertility work plans of CATIE and of cooperating Central
American countries with a view to assessment of their valir-
ity for meeting requirements of the region,

2, Central Laboratory utilization, The questions addressed by
this phase of the evaluation were: a) What use is being
made by CATIE of the laboratory?, b) How does this use
relate to cooperating national soil fertility programs? and
c) Are the facilities adequate to meet requirements?

3. Relationship to National soil fertility programs. This
critical point was addressed by attemrting to answer several
questions with reference to each cooperating country: a)

Is information on soil fertility being exchanged among CATIE
and the various national staffs?, b) Has CATIE maintained.
and strengthened necessary contacts with national staffs?,
c) Is CATIE's assistance welcomed? and d) What steps could
be taken to improve relations?

4. Technical support and coordination. Basically, this point
involved evaluation of CATIE's capacity to utilize information
accumulated by the Soil Fertility Project in providing tech-
nical support and coordination throughout the region, and de-
pends essentially upon the attitude and technical understanding
of the CATIE staff regarding soil fertility problems of the
region.

5. Technical assistance to Central American countries with respect
to increasing capability for making specific fertilizer recom-
mendations,

6. Present status of soil fertility expertise and national on-going
" soil fertility programs,



7. Incorporation of the Soil Fertility Project program into
national efforts,

8. CATIE progress relative to soil fertility problems and

response to suggestions for strengthening soil fertility
work at CATIE,

Documents to be revised to reflect 'decisions noted on page 1

None,

Background

(See Appendix B for early background), The transfer of the Soil
Fertility Project from ROCAP to CATIE was processed as scheduled in
March of 1978 and terminal reports prepared and submitted as itemized
in Appendix C, Since then, Dr, Rufo Bazdn, one of the two s.il scien-
tists on permanent CATIE appointment has resigned and, of course, the
contract expiration of Drs., Walker and Stryker has left the Project
with only one professional staff member, Mr. Roberto Dfaz-Romeu. In
addition, the political convulsion in Nicaragua and the present
unsettled conditions in El Salvador have had very serious detrimental
effects on the on-going soil fertility programs in those countries.

Country Analysis

Costa Rica

My instructions were to contact Mr. Robert McColaugh at ROCAP
upon arrival in Costa Rica. Since I arrived Sunday evening, August 17,
and he is not listed in the telephone directory, I made several other
contacts by phone after finding a hotel and set up tentative appoint-
ments for Monday afternoon and Tuesday morning with acquaintance famil-
iar with the project,

On Monday morning 1 located the ROCAP offices and had an orien-
tation visit with Mr. McColaugh, He said his information was that' I
would know what the evaluation consisted of as outlined in the scope
of work and would leave it at that except for an offer of assistance in
travel arrangements, appointments and in preparation of my report as
secretarial time may permit, Mr, McColaugh also said T should sign a
contract which his office was in process of preparing, and an appoint-
ment was made for mid-afternoon to do so,



In the meantime I asked for assistance in locating Dr, Rufo
Bazdn, a former key person to the Soil Fertility Project who, I
understood, was no longer with CATIE. McColaugh said Baz4n is now
employed by IICA and that he (McColaugh) had to make a trip to IICA
offices shortly, So I was able to make contact with Bazin immedi-
ately, I was especially anxious to get this interview, since upon
the transfer of the Soil Fertility Project from ROCAP to CATIE he
was to be the person upon whom most of the leadership responsibility
would fall, I hoped to get considerable information regarding ac-
tivities of the project subsequent to my review just prior to the
Project transfer and subsequent to the transfer to CATIE. Naturally,
I was disappointed to learn that he had left CATIE almost immediately
after the Project transfer, and his position has not been filled even
as yet, The Project has thus been operating without aggressive leader-
ship or coordinatioa, Dr. Bazédn did show the copies of the terminal
report submitted around the time of the transfer (see Appendix C).

This report consists of a basic section supplemented by 27 An~
nexes - a mass of material which I have as yet been barely able to
begin to scan, I was especially interested in reading any responses
to those reports in order to orient my own understanding of past events,
but learned that none had been received., I was particularly interested
in the reports dealing with the soil Analog work and with the workshops
held in connection with this phase of the project's activity. Since
its inception I have believed that the Analog approach offered the most
promising basis for a broad extrapolation of the soil analysis and soil
fertility information being accumulated across the Region both by the
Central Lab and by the various national programs. The correlation of
soil chemical analysis results with plant response to applied fertilizer,
and the extrapolation of this information to analogous sites not so
tested is the key to any successful, broad-based fertility program, I
was naturally dismayed to learn that after a most encouraging beginning,
this work had been abruptly discontinued. Some of the leading soil
scientists in the Region, Marfn of Nicaragua, Rico of El.Salvador, Al-
varado of Costa Rica and Burgos of CATIE, believe that this approach has
real promise, in fact, a planning conference was held in El Salvador in
July 1977, which set things in motion for a full scale working conference
held in March 1978, and was attended by four representatives from each
Central American country, including Panama. This group brought together
soil, climatic, geologic and ecological maps available in the Region,
made arrangements for adjustments to a uniform scale, and reached an
agreement with the Salvadorian officials for use of computer facilities
and development of a program to begin data processing, At that point
leadership in the person of Dr. Bazdn was lost and nothing further has
been done. However, it should be underscored that this multinational
group in their recommendations requested CATIE ‘to accept leadership and
coordination .of this effort which would be tantamount to coordinating all
soil fertility activities in the Region,
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"Dr, Bazdn's present résponsibilities as Coordinator, American
Tropics Task Force, Interamerican Institute of Agricultural Sciences,
O0AS, does not include Central American countries at present, so he {is
no longer in close contact with those organizations with whom he
worked in Soil Fertility Project. For this reason he was not able to
fill me in on recent events, but was quite pessimistic with regard to
the continuing impact of the Soil Fertility Program on these coun-
tries' national programs. He did feel strongly that a scientist of
Dr. Jim Walker's stature would be essential to the long term success
of the project.

After the visit with Dr, Bazdn, I had a visit of seversl hours
with Dr. Elmer Bornmemisza, who is an exceptionally capable Soil Scien-
tist with the University Graduate School and has been most -zooperative
whenever called upon by the Soil Fertility Project people., e was
especially helpful in giving me an up-to-date picture of the inter-
relation of the Ministry scils group, the University staff and CATIE,
I was happy to learn that a close relationship exists and that Borne-
misza feels that the Soil Fertility Project has had a strong impact on
the Costa Rican National program., He was of the opinion that the Na-
tional staff is now strong enough and sufficiently well established to
carry on alone if it comes to that, Costa Rica has and is training
soil scientists of a quality any country would be proud of. I am
certain that this situation is in no small measure due to the influence
of the Soil Fertility Project over the past number of years,

I subsequently, on Friday, had an opportunity to visit with Alfre-
do Alvarado, one of the most promising soil scientists on the Univer-
sity staff, who is returning to Raleigh to resume work on his Ph.,D,
immediately. He was one of the prime. movers in the Soil Analog phase
of the Fertility Project and I was particularly interested in getting
his views on CATIE's performance in assisting the national groups. He
was much less than complimentary except that cooperation has been very
good with the Central Lab, He is President of the Costa Rican Soil
Science Socitey, which had its first meeting this year, attended by
quite a number of soils specialists from other Central Am:rican coun-
tries, The formation of this Society is a most definite step toward
orderly procedure and cooperation among related science oriented groups,
It is without doubt another spin-off gain from the S, F, Project activi-
ties, Alvarado said that in a special session on the analog project
those attending were in agreement that they need not expect much assist-
ance from CATIE in the area of Soil Fertility beyond that rendered by
the Laboratory. I think that this certainly indicates that CATIE
should attempt some fence mending if it hopes to keep the confidence
and cooperation of Central American Soil Scientists,
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. I also visited the Ministry soils group and found an encouraging
situation there. 1In the first place the Soils effort has been re-
cently consolidated by executive order, placing fertility, classifi-
cation and conservation all in one department. under Dr, Cordero. There
are 11 professional Soil Scientists in this Department. And in the
second place, Dr. Cordero, who is a recent Ph,D, graduate of North
Carolina State, has just been named coordinatqer of graduate programs
between CATIE and the University. I imagine that this association
may well help somewhat in bringing the Soils people into even closer
contact with CATIE,

I also visited with Mr, Coward, who is in charge of the labo-
ratory. Based on a tour of the lab I would say that it is adequately
equipped and well run, Around 5000 samples were processed during the
past year, Mr, Coward told me that the nominal charge has been put
on each soil sample submitted by farmers and that, interestingly, they
are getting fewer samples but from the same number of farmers. A check
had shown many farmers were sending several samples from the same small
plot or field. Now they tend to serd only one or two per field,

Cordero, echoed Bornemisza's feeling that Costa Rica has a very
active and effective soil fertility program and will be little affect-
ed by CATIE policy. They do collaborate closely with the Central Lab,,
sending control samples from time to time and exchanging equipment
and supplies in emergencies, Cordero lectures at times to CATIE
classes, Although Mr, Coward, a chemist, runs the lab, interpretation
and fertilizer recommendations are made by Cordero and others familiar
with the field correlation results, Their most pressing problem at
present is minor element deficiencies in certain areas, especially B,
Zn and Mn, These deficiencies are usually diagnosed by visual symptoms
and/or foliar amalysis. Of course, there is no problem of rate of
application of minor elements so the procedure seems sound,

One final note from the Cordero discussions. He was also one of
the strong supporters of the Soil Analog project, and expressed grcat
disappointment in what he called the '"dead project', recalling the
work that had been done by quite a number of people in compiling data,
collecting and correlating available pertinent maps and adjusting
mapping scales. He did feel that interest among the same group could
be rekindled and support rebuilt provided a competent Soil Scientis,
especially one already familiar with the project, were assigned respon-
sibility for coordination.

A visit with Dr, Peter Duisberg, who was consultant to ROCAP on
the Soil Analog Project, devcloped about the same picture already
obtained during discussion with members of the Costa Rica and CATIE
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staffs., He said leading Sé6il Scientists had held two sessions to
coasider this work, the first (exploratory) in Costa Rica in September
1977 and the second in El Salvador to make specific plans and recom-
mendations in March 1978. Four scientists from each country attended
the second session, including representatives from Panama, The
outcome was a strong expression of confidence i1n regional utilization
of accumulated soil fertility information that coula be realized by
analog application and some specific recommendations including one that
CATIE gives this project leadership and coordination across the Region
in all phases of soil fer:ility and soil classification eftorts, This
would appear to be the very kind of opening CATIE would be looking for,
In reply, CATIE asked Dr. Ofioro, who had been sympathetic to the soil
analog program to prepare a reply, and he requested Dr., Duisberg to
prepare a report giving outline of what CATIE could do to follow up on
these recommendations. I read a copy of Dr. Duisberg's report, but
have found no further record of action taken, Project was let die.

The Central Soils Laboratory and Ing, Dfaz-Romeu are apparently
the only identifiable physical remnant of the Soil Fertility Project,
I feel that as long as they survive with an appropriate mandate, there
is hope for at least maintaining the level of laboratory expertise
attained in the cooperating National programs. Ing, Dfiaz is certainly
doing a commendable job of maintaining contacts among the national
staffs, even though his regional duties are being diluted (Appendix D)
as a result of a consoliaation ot the Central Soil Fertility Lab with
the CATIE Soils Lab under his supervision. Thus, I do teel that the
Central Soil Fertility Lab is gradually assuming essentially a service
role to CATIE's different programs. While this service is certainly
essential, it should not become the dominant charge of the laboratory,
For this reason I think it would be appropriate to outline my own ideas
of what the responsibilities of the laboratory should be, in order of
decreasing priority:

1, Training. There is a constant turnover in the National soil
fertility programs personnel, and a continuing need to provide
in-service training in laboratory procedures, data processing
and interpratation.

2, Research

a) Methodology, e,g., comparing results from procedures that
differ scmewhat from one National lab to another,

b) Calibration, e.g., identifying critical levels especially
of those nutrients such as sulfur that are very poorly
understood,

c) Extrapolation, particularly in assisting with a hopefully
rejuvenated soil analog effort,



- 13 -

3. Service. The lab is called upon as noted above and for analy-
tical assistance on special projects by both CATIE and Univer-
sity personnel and by cooperating countries, Equipment main-
tenance is a very important function, Mr, Dfaz-Romeu is
called on by National labs whenever they have equipment break-
down they cannot correct. He is very competent in this area,

In conneccion with training I think it is time Mr, Dfaz-Romeu had
some refresher work, This might well take the form of an extended
visit to several labs in the States that have well established and
successful soil testing programs. North Carolina, Florida, Alabama
and Texas might be among those considered, I mentioned this to Mr,
Dfaz-Romeu and learned that something of this kind is being considered,

The Central Laboratory has been enlarged with improved arrange-
ment of space, Also Mr, Dfaz-Romeu has adequate assistance in the way
of technicians and subtechnical personnel, However, he does need very
badly the exclusive service of a secretary. Further, CATIE has ac-
quired a more sophisticated computer and the lab can now process data
not only more rapidly but far more completely than before. The appoint-
ment of Dr. Henao to direct computer programming and use will be a big
help in making best use of data,

One serious problem faced by the laboratory and the National pro-
grams in making effective use of the Central Lab for control of analy-
tical work is the impossibility at present of transporting control soil
samples across national boundaries without them being subjected to stec-
ilization procedures that drastically alter results of chemical analyr.s,
The most common procedure for soil sterilization is autoclaving which is
unacceptable for soil samples for chemical testing. There are alterna-
tives to autoclaving which would effectively destroy disease organisms
without significantly affecting chemical or minerological structure,
Even more desirable, would be an agreement by which a recognized
scientific agent (CATIE, for example) could be authorized for designated
persons on their staff to hand carry a limited number of foreign control
samples of soil to the Central Lab, and for their safe handling and
eventual destruction with proper records being kept of each operation,
This procedure works in the U,S, I have on many occasions in the past
obtained permission to bring research soil samples from foreign coun-
tries to my lab without sterilization and be responsible for their
proper and safe disposition, '

Ing. Dfaz-Romeu usually plans for one or two training sessions in
the Central Lab each year, usually cto be held during the slack crop
season in July or August, It seems to me, in view of the relatively
small number of people usually encolled, one regular session a year should
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be adequate. This would leave more time for taking care of the special
and emergency training situations that arise from time to time, e.g.,
the present urgent need of new, inexperienced Nicaraguan lab techni-
cians for training.

Ing. Dfaz-Romeu said that there is very little transfer of soil
fertility information between National programs except for that which
accompanied the conduct of work on the Soil Analog Project. There is
no obvious reason for this except, perhaps, inertia, Even the Central
Lab has difficulty getting field response data and accompanying soil
analytical results for correlation study,

In visiting around the laboratory and greenhouses I was shown some
interesting pot work in progress on effects of different levels of alu-
minum on corn and bean root development., This kind of information is
useful in setting critical toxic levels of aluminum for purposes of
liming recommendations, However, it seems to me that there are other
problems that should be given at least equal importance, in view of
the relatively minor extent of severely acic soils in the Region, For
example, critical levels of sulfur and correlation of extractable sul-
phate with plant requirements is a very important area that has been
neglected throughout the region.

Since the Soil Fertility Project transfer, CATIE has undergone one
or more shiftcs ‘n organization, with the result that all its technical
activity is now grouped into four Programs: Annual Crops, Perennial.
Crops, Animal Production, and Natural Renewable Resources. The Cropping
Systems Project and the Soil Fertility Project.are under the Annual
Crops Progran, headed by Dr. Pedro Ofloro, who is apparently soil ferti-
lity conscious at least to the extent of recognizing the necessity of
insuring adequate plant nutrient level and balance for successful crop
production in either monoculture or more complex cropping systems, He
pointed out that there are four Soil Scientists with excellent training
working in the Small Farms Cropping Systems Project: Carlos Burgos,
Coordinator; Washington Bejarano, Panama Country Resident; Donald Kass,
Guatemala Country Resident; and Anibal Palencia, Country Resident in
Costa Rica, In addition, Nicolds Mateo, who is Country Resident in Hon-
duras, has his Ph,D. in Agronomy with good background in soil fertility,
This is an impressive list of able and experienced Soil Scientists,
coordinated by a truly outstanding young man, It lays to rest the
question whether CATIE has cthe technical capacity to utilize information
accumulated by the Soil Fertility Project and being made available through
the various National soils programs and the Central Laboratory. Yet it
emphasizes the fact that no procedure by which information from fairly
well-correlated soil associations in one country can be confidently
extrapolated to similar soils in other countries where information is
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lacking. Also, and perhaps more importantly, the Country Residents
are loaded to capacity with duties involved in carrying out the SFCS
field work that they have very little, if any, time to keep abreast of
soil fertility developments and respond to requests for assistance in
the design, conduct and interpretation of experiments in this area of
effort.

In the past, of course, the National Program staffs have leaned
heavily on Jim Walker and his people for help in planning and inter-
preting field fertility experiments, and for coordinating these results
with chemical analyses. Now there is a void here because Dr., Baz4n has
not been replaced and Roberto Dfaz-Romeu has all one man can do in
running the Central Lab,

Most of the National program people interviewed expressed disap-
pointment over CATIE's failure to put more emphasis on soil fertility.
Without exception they emphasized that under Bazdn's leadership the
soil analog project was moving smoothly and rapidly, and that it had
strong support among leading scientists in every country who were con-
vinced that if he had been continued in his position.with CATIE the
analog project would have been successful, ’

At th’s point it seems that filling Bazdn's position on the CATIE
staff either by bringing him back or by putting in one of the soil
scientists who is already acquainted with the region eg. Bejar:no, Ma-
rin or Burgos wculd be a wise move by CATIE. Any one of these scientists
could provide the soil fertility contracts and coordination for SFCS with
National fertility programs, and could give assistance in planning and
interpreting field experiments for those countries with especial defi-
ciencies in these capabilities,

In discussions of the status and needs of the soil fertility aspect
of regional programs with Carlos Burgos of the CATIE staff, an extremely
able and agressive young man, I learned that there have been numerous
discussions among the CATIE staff of the broader aspects of "extrapolation'
of information to include all the parameters of crop production, He said
the argument was that since this is our ultimate goal so why not shoot for
it directly, However, it appeared to me that he felt this would be taking
too large a bite out of an extremely complex problem. I certainly am of
that opinion, To begin with, the objective of determining analogs for
cropping systems involves an almost infinite number of variables of which
soil productivity and adaptability and climatic factors are among the most
important. Why, then, not begin with a smaller, but essential, segment of
the larger problem with the expectation of being ablz to show significant
progress not only in solution of the soil-climate segment but in the
process in the final systems extrapolation? The idea proposed by espe-
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cially ardent supporters of the new Taxonomy, developed by Dr, Guy
Smith of the U.S.D.A., that soil categories in this system at the
family level constitute analogs has yet to be proved for land use and
management requirements. For example, soil profile development is in
many cases a process of almost geologic time dimension during which
climate may change significantly in a given area,

I was fortunate to catch Ing, Agr. Anibal Palencia in Turrialba
en route to his SFCS experiments in the Siquirres area, Since he is
an ex-member of the Soil Fertility Project team and is now CATIE's
Country Resident for SFCS in Costa Rica, he should have good insight
into the events that have transpired since transfer of the SF Project
to CATIE. His field experiments, about 18 in all, are all with maize
and root crops (2 crops of maize one year followed by a root crop the
second), but there are no fertilizer variables included. Some of the
tests are on the local experiment station and others on farmers' fields,
but since his group is responsible for installation aad execution, the
results should be dependable, Regarding capability of the Costa Rica
National soil fertility staff and the quality of that program Palencia
gave about the same picture as had already developed from other contacts,
Field fertility trials are carried out chiefly on the Pacific slopes and
lowland (in addition to work with coffee in the Meseta), He felt that
most of the experiments were well enough designed and carriec out, and
that this program could carry on under its own power, regardless of
what direction CATIE may take, There is, however a good and mutually
useful relationship between the two groups, and Palencia feels cthat .
contact between his projects and the National soils program would be
closer if it were not for the high degree of compartmentation in the Min-
istry.

Since the Central Soil Fertility Lab is located here in Costa Rica
and there is constant contact and close working relations between Ings,
Dfaz-Romeu and Palencia, the latter depends entirely on the lab for his
soil and plant analyses. Thus the need for close contact with the Na-
tional program is not present. I think that this relationship could well
be expanded a bit to the advantage of all by Palencia paying especial

“attention to any plant symptoms of sulfur or minor element deficiencies
that he may observe as he travels around the country, Whenever da2fi-
ciency or toxicity symptoms appear, he could bring soil and plant tissue
samples together with normal plant and corresponding soil samples on his
next trip to the Lab for use in establishing critical levels of these
nutrients in soils,

At the time of the last Soil Fertility project evaluation there were
plans to initiate a research project on the role of organic matter in
soil fertility and conservation in the tropics, including stubble-mulch
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farming and systems of crop residue management, ROCAP was looking for
a qualified scientist to prepare a project proposal and probably to
lead it. This is an extremely important area of soil management and
fertility and a recommendation was made that it be implemented as soon
as possible, After various inquiries during the present evaluation, I
located a copy of a report made by Ing. Agr. Fernando Abrufia of Puerto
Rico to Latin American Programs, ERS, recommending initiation of such
studies (Summary of Abrufia's report included as Appendix E), Following
up on this with Dr, Ofloro I was told that he has plans under develop-
ment in the Annual Crops Program for a Soil Management Specialist, who
would function separately from both Soil Fertility and SFCS. This
project, he said, would be charged with organic matter-soil fertility
relations, crop residues-soil conservation, and other aspects of soil
management, This development was followed by information from Ing,
Dfaz~Romeu that Dr. Robert Volk, Organic Soils Specialist with the Uni-
versity of Florida, spent a couple of weeks in Central America in July
1980, working out of CATIE in Turrialba, where he examined possible
areas of cooperation between the University of Florida and CATIE on
organic matter studies, A recent note from him stated that he was pre-
paring several project proposals,



Nicaragua

I was informed that since the political upheaval in Nicaragua, the
soil fertility program there had simply ceased to exist. 1Ing. Dfaz-
Romeu said that he had been unable to establish contact with the labo-
ratory in Managua and advised against spending time there, Instead,
he did get in touch with Ing. Eduardo Marf{n, who was Head of the Soils
Department until the revolution and is now Soils Specialist, IICA-PIADIC,
in Managua, Marfn had plans to come throtgh Sar José on August 22 and
readily agreed to spend a couple of hours with us, It was an interest-
ing session though not very instructive with regard to Nicaragua's
present soil fertility program, He reported that all the people in soil
fertility lab have dispersed, and although the laboratory is in business,
it is being run by completely inexperienced and poorly trained techni-
cians., The field experiments which three years agc comprised an impres-
sive group of well designed and managed tests, have been completely aban-
doned, However, Marin did express hope that conditions are stabilizing
and that definite improvement may be on the way, He emphasized the
present urgent need for training of the inexperienced lab staff, and
asked Ing. Dfaz-Romeu to make a short survey visit as soon as possible
to evaluate their problems, then help them plan how to handle the situa-
tion,

In spite of all these problems, however, Marfn is still interested
in the soil-climate analog concept, in which he had been so active ear-
lier, He insists that there is adequate soil classification and climatic
information available in all the Central American countries to permit
carrying through on this project., He pointed out that van Wambeke had
strongly endorsed the project during a session on soil-climate analogs
during the Costa Rican Soil Science Society Meeting earlier this year,
and gave me a copy of the specific project proposal discussed, I attach
it (Appendix F) as representing the most recent ideas among the Central
American Soil Scientists,

Marin made one interesting observation about emerging national
policy in his country to the effect  that there is a growing trend to put
more emphasis on the large farming operations in the interest of increas-
ing national production,
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Honduras

We spent two days with the Solls Department, which is organized
Into four sections: Soil Fertility, Soils Lab, Soil Classification,
and Soil Conservation. All are under Ing. Jorge René Medina, Dr. Ni-
colds Mateo, SFCS Resident, could not be reached for a visit as he was
at a distant site where he has field experiments,

All the time here was spent with Ings, Medina, Valdés, and Fernén-
dez, Valdés is assistant to Medina and in charge of the field experi-
ments, and Ferndndez is head of the Soils Lab, The camaradie that
obviously exists among Ings. Dfaz-Romeu, Medina, Valdéz and Ferndndez
was adequate evidence for me of an excellent working relatienship. That
and the frank discussion of problems and answers to questions,

First, I can report most encouraging, althoughsurprising, progress
made by this program during the past three years. They had problems due
to movement of the lab to its present location in Tegucigalpa during the
past year, and the transfer and installation of all facilities are not
yet complete, But they are back in operation in a new building with
ample, suitable space accessible to the rest of the Department, This is
a tremendous improvement and will no doubt be reflected in performance,

The field experiments all use the discountinuous model with N, P
and K as variables, Unfortunately none have a S or minor element varia-
ble, although S deficiencies can be expected to become widespread with
the increasing use of high analysis fertilizers and minor elements are
known to be deficient in some areas, Valdéz said that he has been having
a problem with prediction of P response., In a number of instances where
lab analysis indicated low P there was no response by plants in field
test. Ing. Dfaz-Romeu advised him on adjustment of estimated critical
level. They planned a more detailed review of this problem later,

Valdéz has 30 field experiments in progress with maize, rice, beans
and sorghum located throughout the country in areas of intense farming,
All are in farmers' fields, usually where a fertility problem was sus-
pected, He is over half-way through with a report summarizing field and
lab results from 83 experiments completed since 1977,

Fertilizer recommendations are made by Valdéz, who keeps in close
touch with the lab, He said he wished CATIE would send someone from
time to time to help him in planning and interpretation of his field
experiments., I told him to ask CATIE for help when he needs it,

Review of the Lab's activities over the past showed that the number
of samples analyzed has remained about constant at about 2000 for a
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number of years prior to 1974, It jumped to 4500 in 1975 and has
remained between 4 and 5000 since then, This extensive use of chemical
soll analysis for fertilizer recommendation is another reflection of
the S,F, Project impact on National programs, Fernédndez said that
nearly all the samples processed are from small farmers' fields., The
fact that the number of samples has remained constant since termination
of the S.F, Project as such, is evidence that the National fertility
program is maintaining its momentum,

When asked what the chief function of the Central Lab should be
both Valdéz and Ferndndez in separate interviews replied "training in
lab methodology and correlation', Ferndndez added that he does need
technical assistance from time to time when especially difficult prob-
lems come up with instrument performance or data interpretation. Both
these men commented very favorably on the usefulness of Soil Fertility
Seminars for both training and coordination,

Significant progress is also being made in soil classification,
which is an important adjunct to extrapolation of soil fertility infor-
mation, A recent survey and report for the entire country was published
in 1977 and detailed surveys of intensively farmed areas have been com-
pleted since then., The work is being supplemented and supported by
CATASTRO.

The preceeding paragraphs review the favorable aspects of the Na-
tional soil fertility program, which Medina stated emphatically are a
result of lifting themselves by their own bootstraps, He actually
seemed hostile when I tried to explore cooperative relationships with
both the SF Project and CATIE, past and present. However, when con-
fronted with training given some of his technicians and assistance in
lab methodology he had to admit there has been collaboration, This
amazed me because the 1977 evaluation failed to uncover a problem of this
kind., Ing. Martfnez, who was Soils Dept, Head at that time, was given
ample opportunity and ecouragement to express himself, At any rate, when
I asked Medina what contracts he has had with CATIE he replied flatly
"none'". He then listed a series of complaints going back 3 or 4 years
that are too serious to be dismissed lightly by CATIE. I am listing the
following which seem to me to be the most serious of his criticisms:

1, Dr. Ron Stryker when stationed here a Soil Fertility Coordinator
by the S.F. Project, refused the invitation to occupy office
space in the Soils Dept,, and set up his office in IICA. Soils
people were never able to get response to repeated requests for
assistance in field experiment design and interpretation of
results, according to Medina. He said they usually were unable
to even get in touch with him,
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2. The field experiments that Stryker reported as S,F, tests
under his coordination at Copdn, Danlf and Comayagua were
said to be National program tests planned and carried out
without assistance, Valdés at this point said that he was
personally conducting the experiments at Danlf and he did
not have assistance from Dr, Stryker.

3. No copies of any field results obtained in Honduras by
either the S.F. Project or CATIE have been sent to the Soils
Dept. prior the publication, although reports have listed
the Department as collaborating,

4, The Soils Dept, was not given an opportunity to participate
in preparation of any of the reports issued by S.F, Project
or CATIE,

5. When Bejarano was sent to Honduras as S.F. Coordinator he
did not identify with the Soils Department but set up office
with SFCS Resident, Medina said he was not even informed
that Bejarano was in the country as a S.F. specialist,

Ing., Medina is apparently an intelligent and effective Department
Head receptive to cooperation with his field test program. Whether he
was actively seeking it, is another matter,

Ing. Dfaz-Romeu was as surprised as was I at this turn of events be-
cause he said that he had never had any problem collaborating with the
Soils Lab and had not heard there were problems elsewhere in the organi-
zation, So one can only attribute this situation to an unfortunate break-
down in communication somewhere along the line - perhaps combined with
some personal imcompatibilities, 1In any event CATIE needs to send someone
to try and straighten things out. But it will take more than mere lip
service. I would suggest that Mateo and Dfaz-Romeu plan a visit for this
purpose, Dfaz already has a history of effective collaboration and Mateo
is newly stationed there. Certainly SFCS will be needing soil samples
analyzed and can use the accumulated experience of men like Valdéz,

I regret that we were not able to contact Mateo, in spite of attempts
by phone and relayed message both prior to leaving Turrialba and while in
Honduras,
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Panama

I am including Panama even though an indirect approach will have
to be used, Ing. Dfaz-Romeu has tried unsuccessfully for a week to get
in touch with Ing. Bejarano, SFCS Country Resident there and then
learned that he was away on vacation. In the meantime I had read the
Panamanian terminal soil fertility report (Annex No. 27 of Appendix C)
and found a fairly extensive and apparently well conceived soil fertil~
ity program underway, I was told by Ing. Dfaz-Romeu that Ing. Benjamin
Name who wrote the report and was at that time -one ye«* ago- Department
Head, is no longer in that position., I then had a talk with Ing., Burgos
to learn what he might know of this National soil fertility program-
through Bejarano's reports to him as coordinator of SFCS. Burgos was
surprised to learn that Panama has a soil fertility program at all,
having seen no reference to it in Bejarano's reports, and said that at
the first opportunity he would visit the lab and get acquainted with
the people there, One likely reason for the apparently low profile of
that program is the fact that the Soils Department moved its locations
to that of the Agricultural School of Divisa some three or four years
ago, They have been in touch with the Central Lab at CATIE, having sent
a technician Lic, Alfonso Singh to be trained here during the past year,

Attendance records of the Soil Fertility Seminars show that Panama
has sent four people, and has been well represented at other regional
soll fertility sessions, including the task force on soil analogs. Thus,
the Country has participated in and contributed to the S.F, Project ef-
forts in no smali reasure,

According to Ing. Name's report, they had around 55 field experiments
with varying N, P and K levels on ricé, corn, sorghum, tomatoes, onions,
potatoes, cane and beans, on sites to which each crop was considered to
be adapted. Results are summarized and made available to extension and
educational services, These figures are for the past two years,

The Soils Lab analyzed around 5000 soil samples per year during the
last two years of the report. Ing. Name estimated the lab's capacity to
be in the order of 20,000 if fully staffed. His report showed a very
high percentage of the samples are P -deficient, whereas K -deficiency
is just the reverse,

Ing. Name stated that his country needs principally two types of
assistance from CATIE in the area of Soils:

1. Technical assistance in planning and carrying out field labo=
ratory and greenshouse experiments, and

2, Training and coordination, through means of courses or seminars.



- 23 -

I think it is quite obvious that the regional soil fertility
program has had a very definite impact on Panama's National soil fer-
tility program, and believe that with the expenditure of even modest

effort to improve contact CATIE can maintain this relationship in
both field and lab phases,
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Guatemala

In Guatemala we visited with Dr. Donald Kass, SFCS Country Resi-
dent, Dr. Emilio Escamilla, Soils Dept, Head, Ing, Mario Breauner, Di-
rector of Soils Lab, and Ing. Ricardo del Valle, Region 7 Director for
ICTA,

The country is divided into 7 Regions under ICTA, each with its
own headquarters Experiment Station and staff, and each with its own
program headed by a Director who has final word on the program in the
Region,

Since 1975 Guatemala (ICTA) has had a commodity oriented research
program which places Soil Fertility in a subordinate position - strictly
one of service, The entire Soils Dept. has only three, or perhaps four,
professionals. It consists primarily of the Soils Lab and the Depart-
ment Head, The Soils Lab appears to be well-staffed with experienced
technicians, and is processing a surprising 15,000 samples, Nearly all
of these are sent directly by farmers or through their country agents,
Field experiment samples are analyzed here, eg., those from Dr. Kass'
experiments and from the different Regional ICTA experiments., Ing,
Breauner makes the fertilizer recommendations based on soil test and
results of the field experiments run by the S.F. Project from about
1964-1975. Field test data accumulated since then within ICTA by the
different Regional programs, but I could find little solid information
about the number of fertility experiments under way in each Region that
would be useful for specific fertilizer recommendations, Therse agencies
then release bulletins giving generalized fertilizer recommendations
within the Region based on a combination of soil test data, management
practices to be used, and general experience. Escamilla said that the
farmers who send samples to the lab have more faith in the specific
recommendations as evidenced by usually following them, Recently a new
Technical Director was appointed by ICTA and I was told that he has been
concerned by the lack of collaboration between Regional soil programs and
the Soil Dept. During the past year Escamilla was permitted to carry out
a number of simple fertility tests in Region 5 and said that the results
showed that recommendations made from soil analysis are more accurate
than general recommendations. As a result he feels that the ice may have
been broken and that the Soils Dept. may have a more active role in the
general Soils program in the future. 4

Lab facilities are being upgraded by construction of a new building,
which is badly needed, Otherwise the facilities seem adequate for the
number of samples being processed, Instruments are standard types used
by the S,F, Project and appear in good working order,- Dr, Escamilla
emphasized the problem of coordination with the Central Lab of CATIE due
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to not being able to exchange control samples. K He also said that ha
desperately needs help in detailed soil mapping for extension of soil
fertility data, and deplored the termination of the Soil Analog project.

Sulfur ana minor element deficiencies, especially Boron, are known
to occur Iin many parts of the country, but are included in the recommen-
dations only upon reported appearance of deficiency symptoms, This is
about the best that could be expected at present, as routine B determi-
nation is not feasible and a satisfactory, reliable S diagnostic proce-
dure is lacking for tropical soils,

On the second day Dr, Kass took me on a field trip to visit the
Region 7 Experiment Station at Chimaltenango and to see several of the
field experiments that he is directly supervising, He has 80-odd ex-
periments around the country in which he is involved and a number have
fertility variables., He told me that subsistence crops in general are
seldom fertilized, but must make-do on the residual effects of that
applied to a cash crop in the sequence, such as potatoes in the Alti-
plano. This i{s strictly a matter of economics - not enough money to
fertilize a crop that won't bring a cash return., The farmers would
readily fertilize if they could as they are well aware of the response
usually shown by subsistence crops like maize, Another problem is the
government's subsidy of wheat production to avoid the loss of foreign
exchange by having to import wheat for domestic use. Much of the time
the crop is lost to rust and the fertilizer applied is wasted,

Phosphorus is the most common limicing nutrient, being very widely
deficient, Calcium, magnesium and potassium are seldom deficient in
this country.

I spent a couple of hours with Ing. Ricardo del Valle, Director of
the Region 7 program, He is definitely conscious of the soil fertility
problems and eager to address them, He said that the Soils Dept. could
have the labor, space and other needs to carry out experiments in his
Region, From the visits with him and with Dr, Kass I came to the con-
clusion that much of Soils Dept. Head Escamilla's problem of '"mon coope-
ration' probably lies at this own doorstep.

"Regardless of the internal problems reported in the preceeding para-
graphs, 1 feel certain that the overall status of the National soil fer-
tility program here is good. The impact of the S.F., Project is very
much in evidence in the lab methodology and the reliance still being
placed on field trial results accumulated between 1964 and 75, They do
need to continue adding to their field results to keep their field-lab
correlations up-dated, I also feel that the close working relationship -
between Dr, Kass and the Soils Dept, has been very helpful to them,
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APPENDIX B
EARLY
BACKGROUND

The highly weathered and leacked state of soils in humid tropical
regions make the establisnment and maintenance of adequate levels and balance
of plant nutrient elements, and the correction of phytotesis levels of clements
such as aluminum and manganese, tentamount to most effective use of thesc soils
for agriculture. This equally true whether crops are grown in monoculture
or in various sequences or combinations during a given season. Chemical
soil analysis-is a tool that can provide useful information regarding the
fertility status of soils, but for the results to be at all reliable they must
be correlated with those from actual field trials where crop response to levels W1
of fertilization has been established for different soil categories. Green-
house tests can be useful in identifying the existence of deficiencies or
toxicities, buy cannot substitute fcr field tests in final correlation.

The Internaticnal Soil Testing Project, initiated in the mid- 60's was
charged with establishing soil testing laboratories in the five Central
American countries, providing equipment, describing uniform procecures, and
training technicians to operate them. Mucn later, a.revision of this droject
specified that attention be devoted to establishment of field fertilization
trials and that the results be correlated with laboratecry data. Thus, the
correlaticn chase has lagged behind the chemical analyses. While the various
national soil fertility orcgrams have included £field trials that cenerated
data that could be used for correlation, they have cenerally been inadegquate,
and site identificaticn often incomplete in recorcded data. Another relevant
point in considering the soil fertility project background is the fact that
althouch in all its forms, past and present, it spans about 15 vears, when
broken down to project prorfessicnal time devoted to this procram in each
country one finds that an averace of about 2 1/2 man-months per vear per cocuntry
have been out into it. This extremely modest input has in fact produced an
amazing advance in soil fertility expertise in the regicn.

The purpose of this project was to develop throuch a reagionally coordi-
nated Central American soil fertility research program the cacability of
synthesizing fertilicer use alternatives suited to the crowvping svstems of
small farmers of the area. The project is actually a continuation of tho soil
fertility evaluaticn and improvemuent project previously carried »sut undor
contract with NCSU. This project had in turn been preceeded by the I(nternational
Soil Testing Project, also under contract with NCSU. The present Soil Fercility
Project was initiated in 1975 and is scheduled to terminate in March, [I898.

In order to insure continuity of the program arftec termination of thy ]
project, initial project plans called for proparation by CATIE ta assume
leadershiv, supervision and backstopping of the on-going soil févecility vesicarch
after ROCAP funds allocated to this activity have been disbursced,
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The project agreement between ROCAP and CATIE, signed in June 1977,
provided the basis for CATIE's assumption of responsibility for providing a
continuing Central American soil fertility research program. This agreement
emphasizes that CATIE will continue to provide technical assistance to the
Central American countries in order to develop capabilities to make specific
crop and soil fertilizer recommendations, and that these activities will
continue in all five countries, but that special attention will be given
where National Programs are relatively weak, such as in Honduras and Nicara-
gua, It also specified that efforts will be focussed during the period of
the agreement toward 1) transferring to CATIE past NCSU experience and
expertise built up over the years of earlier soil fertility research project
activities, and 2) concentration of research efforts, with CATIE participation,
toward soulving the problem faced by small farmers in the use of fertilizer in
their crepping systems, :

Thus, at the termination of the ROCAP Soil Fertility Project in March,
1978, CATIE was expected to have developed the necessary contact with National
50.1 Fertility Programs, and to have absorbed the accumulated NCSU/AES soil
fertility experience to perform effectively in providing technical support and
coordination in soil management and crop production research efforts in the
five Central American countries,
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Terminal reports prepared for the Soil Fertility,Pfoject by the staff.
Informe Final

Annexes to Final Report:
No. Title
1. Metodologia de muestreo de suelos, andlisis quimico de suelos
y tejido vegetal e investigacidn en invernadcro.

2. Estudios de invernadero.

3. Proyecto de sistemas de produccidn para pequefios agricultores:
Caracterizacidon de los suelos de los sitios experimentales.

4. Uso prictico de los modelos discontinuos para interpretacidn
rapida de la respuesta de cultivos a la aplicacidn de fertili-
zantes,

S. El manejo y resumen de datos de experimentos con fertilizantes
en Centroamérica v su relacidn con los estudios de identifica-

cidén de suelos con caracteristicas semejantes de manejo.

6. Resumen del andlisis y breve interpretacidn de los experimentos
de fertilizacidn de El Salvador, Honduras y Nicaragua. 1960-1975.

7. Soil fertility investigation in Honduras. 1977.

8. Resefia del trabajo sobre suelos analogos en América Central.
9. Metodologia utilizada en el aspecto bioclimitico.

10. Metodologia utilizada en el aspecto suelos.

11. Primera aproximacidn de suelos ansloqos de Centro América.

12, Resultados ob*enidos de la computacidn de las variables conside-
radas para comparar los suelos de El Salvador.

13.  Analogias de suelos en Honduras.

14. Los suelos aaricolas de El Salvador de 0 a 500 metros sobre ol
nivel del mar.

15, II Reunidn regional sobre fertilidad y andlaqos de suelos. El
Salvador, marzo 13-18, 1978, Intforme Final,



16.

17.

18.

20.

21,

22.

23.

24.

25.

26.

27.

El Proyecto de Fertilidad de Suelos del CATIE.

Consultant's £inal report to CATIE and ROCAP on completion of
soil analog subproject.

Soil Science in Costa Rica. Classification, fertility and con-~
servation.

Soil Science in El Salvador. Classifiaation, fertility and
conservation.

Soil Science in Guatemala, Classification, fertility and con-
servation.

Soil Science in Honduras. Classification, fertility and con-
servation.

Soil Science in Nicaragua. Classification, fertility and con-
servation. :

Soil Science in Panama, Classification, fertility and conser-
vation.

Programa Nacicnal de Fertilidad de Suelos del Ministerio de
Agricultura y Ganaderia de Costa Rica.

Anilisis del Departamento de Suelos CENTA. MAG. El Salvador.

Programa de Manejo y Conservacién de Suelos. Proyecto de fer-
tilidad de suelos. Ministerio de Recursos Naturales, Honduras.

Informe sobre el estado de los programas de fertilidad de sue-
los IDIAP, Panami.
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APPENDIr D

DESCRITCION DE CAFGCO

Roberto DIAZ ROMEU.
Personal Profesional Internacional
P3/Escalén 1

cargo: befe del Laboratorio de Suelos

inmediato: Jefe cel Programa de Cultivos Anuales,
o el técnicn que éste designe.

Procurar una labor eficiente del Laboratorio de Suelos, que
asequre la continuacidn del servicio y un uso adecuado de los

‘recursos asignados.

Deberes y

rasponsabilidades

1.

Dirigir las actividades del Laboratorio, en la preparacién de
muestras de suelos y plantas, calibracidn de equivo, instrumental
de andlisis miltiples y de equipo electrdnico rara andlisis ripido
de suelos y plantas, incluyendo la unidad de absorcién atémica.

Utilizacidén de,métodos analiticos modernos y apropiados para
andlisis de suelos y plantas, asi como la correlacidén de resulta-

dos de laboratorio y ensayos de invernadero y de campo.

Realizar y dirigir investigacidn en metodologia de andlisis de

" suelos y plantas, con interpretacidn de resultados y recomendacién

de practicas de fertilizacidn,

Asesorar los laboratorios de suelos de los paises del Istmo
Centroamericano, en la organizacidn y procedimientos analiticos
acordes con los procedimicntos aplicados -n el Laboratorio de
Suelos del CATIE.

Participar en actividades doccntes decl Programa de Estudios de
Posgrado, al igual que en:la capacitacidén del personal técnico de
los laboratorios de suelos de los paises del Istmo Centrousiericano,

Mantener cn bucnas condiciones de trabajo el cquipo e instalaciones
a su cargo, y supervisar al versonal bajo su mando en ol cumplunien-
to de las labores asignadas, r. salvaguardia de los intereses del
CATIE.

Colaborar ecn las divercas actividades dentro J¢ su.especialidad,
que le solicite su superior inmediato.


http:inter.wj

APPENDIX E

Sunary of report by Fernando Abruna, of Puerto Rico, to Office of Latin
American Programs of the Foreign Development Division, ERS, on current organic
matter stubble mulch soil management needs and practices being used by small

tropical farmers of Central America:

After visiting the research facilities and field trials and after talking
to research scientists, directors and farmers around Costa Rica, Nicaraqua,
Honduras, FL Salvador and Guatemala, the following conclusions and observations
are in order: ’

(1) There is unanimity among research scientists and program directors of
every Central American country visited that there is an urgent need for research
work evaluating mulches, crop residue recycling and green manure crops.

Farmers' opinion, on the other hand, vary from eagerness tc indifference. Directors
and technicians agree that this piece of research work must be integratad to the
current Soil Fertility Project and the Small Farmer Cropping Systems.

(2) There is not much research work being done alone this line in most of
the countries visited, although there is some information available at CENTA,
in El Salvador. In spite of the fragmented research, small farmers in certain
countries, especially in Guatemala and Honduras, are making use of green manure
crops and composts as means of building up the fertility status of the soil.

(3) The research work suggested, in many cases is just a guideline and
not necessarily has to be carried out exactly as it is recommended. In many
instances the cover crop or green manure crops suggested can be changed to
comply with local conditions. Mulching materials like filter press cake from
the sugar industry, coffee pulp, dry coffee shells and rice hulls are extremely
useful either as source of nutrients, a moisture conserving material or both,
and whenever available must be considered with priority if the organic residue
rescarch project recommended is finally implemented.

(4) The project on Cropping Systems for Small Farmers, although is render-
ing a valuable service to them, is not producing the research data it should.
The use of only 2 replicates per farm tends to introduce a hiagh Jdegree of varia-
bility mainly because cultural practices are performed by farmers on a very
variable way and timing. Morcover, any local factor sometimes out of control,
that may influence yield, is many tolds more determinant with 2 replicates than
if more replicates are used. It is suggested that the number of sites be reduced
in favor of fewer more replicated tests. If area available is not enough the
area of the experimental plot can be reduced accordingly.



(5) There is a generalized opinion among Directors and to some extaent
among scientists, that the way CATIE is handling the cooperative work on Soil
Fertility and Cropping Systems for Small Farmers is not the best. The most
common complaint arises from the common practice of laying out experimental work
without consulting with local people in terms of experimental design, objectives,
number of replications, etc. They complain that CATIE high-level staff at
Turrialba are completely negative in providing specialized technical expertisc
to the other countries. Some of the technical peoble and directors interviewed
seriously believe that "if CATIE high echelons do not change their present
attitude toward local programs, the organization is headed to a similar downfall
as happened with IICA". Everybody claims for a real integration of efforts, but
with CATIE hearing to what the local people have to say in terms of national
needs and programs.
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MLTODOLCGIN Piih FSTABLECEK ANALOGIAS CN BASE DE LA
CAPICIDAD DE USO DE LA TIZKRRA ¥ ZONLS DE VID:

Por: Eduardo J. Marin C.

I INTRODUCCIO!N

Es evidente ¢l marcado inter@s que tienen los Cobiernos de 1los
paises Centrozmecricancs para ohtener un mejor rendimientc de la tie-
rra por medio de programas de investigacidn y transfecrencia de tcc-
nologia. Para locrar estos propdsitos se requiere de una adecuzada
informacidén de las determinantes naturales de la produccidn como lo

son ¢l svelo y el clim: , de tal forma gue se puedan establccer mne-

canismos gue permitan el interczmbio cicntifice-tecnoldgice.

II QBJETIVOS

Para contribuir con ésta incuietud sc prorone cemo una aproxi-
macién mds, una metodologia que permita establecer analogias en ba-
se de la capacidad de Uso de la Tierra y las Zonas de Vida de ﬁotdrid-
ge, conplementada en conceptos de Haréreavcs, 2 fin de¢ lograr los si-

guientes cbjetivos:

izar criterios.de clasificacidn de tierras en funcidn de
establecer paramctros porrmisibles para cade Clase de Capacidad
13

inir subclases ospccificas. .

2-Establecer unidades de uso y mancjo mediante 12 agrupacidn do
tierras con cualidades o limitacinnes similares on cuanto a

parimctres edafo-climarices.

3-Obtanar la inrormicidn vdafoldgica adecurds do areas esproai-
ficas para la formulacidn de alternitivas teenoldaicas de
produceidn,

Bspecialista ¢n Suclau- IICA=-P1ADIS Micaragua




III

v

4- Oricntar la plaanificaciédn dc¢ la ipvestigacidn a nivel de paiscs
en una base adecuada y confiable que permita la intra y extra-po-
lacidn de resultados experimenteles o comerciales y sitemas de
mancjo de suclos, evitando la duplicidad de cfucrzos t&cnico§ y

econdmicos.

5- Orientar la politica del crédito agricola en funcidn dc avisos
- » - - » s -,
que garantice la recupcracidn ccondmica y fomenten la produccidn

agropecuaria.

6. Establecer politicas sobre legislacidn de los recursos naturales
renovables de tal forma que se proteja y conscrve el patrimenio

Nacional.

CRITERIOS

La metodologia se fundamenta en los crlterlos de la inter-rela
cién del sistema SUELO-AMBIENTE ya que éste determina el habitat de
las plantas cultivadas o nativas y las variaciones que se sucedean en
el mismo establecen diferencias er la adaptabilidad y produccidn de

los cultivos.
Por lo tanto para establccecr analogias es$s necesario establecer
parimetros ed3ficos y ecolégicos que permitan hacer comparaciones

entre ellos.

METODOLOGIA

La mectodnlugia que se propone como una aproximacidn mi3s para
alcanzar los objetivos secialados, se basa cn la caracterizacidh de
la ecologia y de la tierra como factores deterninantes an la pro-

duccién agricola.

La caracterizacidn ccoldgica se fundamenta en los principios
de la clasificacidn Mundial de Zonas de Vida 1o L.R. Holdridge,
complementada. por’ conceptos agrocliniticos propuentos pov G. Hare-

1

greaves en investigaciones realisadas sobre ¢l Climay y 1 Froduceian:

Agricola ¢n Jdiferentes paises Contveoamevicanos,


http:nivul.de

La caractecrizatidn dela tierra,

Sistcma de C asificaciOn ae Ticrras por Capacidad de Uso

U.S.D.A.(Manual 210),

condiciones de los pals s Centroamcricanos.

s¢ basa ¢n los conceptos del

del

con parimetros claramente definidos para las

A continuacidén sc establecen las bases ecoldgicas y edifices

que determinan los pardmetros de comparacidn para definir analogias.

1- Bases Ecoldgicas

La unidad de comparacidn ecoldgica que se proponc es la

Zona de Vida,

relevantes.

transiciones y asociacicnes atmdsfericac mis

La zona de vida se considera como .una unidad Bi

Bioclimitica,, porque es la que mide la relacidn que existe

entre el clima y la vegetacidn considerando por lo tanto tc-

, .
dos los elementcs que controlan esta relacidn como lo son: la

precipitacidn, teméeratura ambiental, temperatura de las plan-

tas (biotemperatura),

humedad,

latitud,

altitud y efectos co-

laterales de otros elementos que influyen en la produccidn agro-

pecuaria.

De acuerdo a los mapas ecoldgicos preparadcs por L. R.

Holdridge y J

Tossi en los paises Centroamericanos se han es-

" /
tablecido la presencia de las siguientes Zonas de Vide, pare

lo cual se preopone presentarlas con una letra mawidscula de la

siguiente manera:

1.1 Zonas de Vida

de la Zona de Vida

Simbole Criginal

Simbolo Nombre’
A
B Bosquce
(of Bosquc
D Rosquc
E Bosquce
F Bosque
G Rosguu

Monte Espinoso Tropical

Muy Scvco Tropical
Scco Trohical
Himedo Tropical

Muy Hamede Tropical
Mluvial Tropical

Pruomontano Hamedo

Tropical

me-T

bms-T
bs-T
bh-T

bmh-T
bp-T
Lh=-DPT



H Bosque Prcmontance Muy Himedo bmh-DPT

Tropical

1 Maleza Dcsértica Subtropical : nd-S

J Monte Espinozo Subtropical me-S

K Bosque Secn Subtropical bs-S

L Bosque Himedo Subtrdpical bh-s

M Bosquae Muy Himedo Subiropical bmh-S

0 Bosguc Pluvial Subtropical bp~S

P Bosque muy Himedo Montan- Bajo bmh-BMS
Subtropical

Q Bosque Muy Himedo Montano Bajo . bmb-MBT
Tropical ’
Paramo Tropical p-T
Paramo Subtropical p~-S

Transiciones

DPebido a2 que las zonas de vida se presentan en el
diagrama de clasificacidn en forma de exigenos, los cuales
son delimitadecs on forme tridimensional por las linecas

rd . . . + . - -
guias de biotempecratura, precipitacidn y relacién de ceva-
potranspiracidn potencial, se presentan scis transiciones
con las zonas de vidas adyacentes por medio de tridngulos
isdseles, los cuales sc¢ presentan con las sigquientes letras

minlisculas y son:

Tédrmicas: Aquellas que presentan una biotemperatura nma-
yor o mencr de los limitces de cada regién latitudinal pa-

ra cada zeona dc vida y se¢ prescontan asi:

Simbelo Transicidn Simbhole Oricinal -
ce Trancicidn a basal o

biotumpeoraturas mis
cilidas que ol limito
de la zena de ovida,

f= Transiciaon a4 temperatu-
ras mis froscas que ol
1imite e 1o z2ona de
vida.



Humedad: Son aquellas en que cambia la proviacia de
humedad dentro dc¢ cada zona de vida cn pequciios valo-

res (maycr o menor)

h= Transicidn a una provincia mas himeda ‘:]

g§= Transicién a2 una provincia mis seca tﬁ;

Precipitacidn: Son aquellas en que. los valores totales de

precipitacidn anual, cambian ligeramente a mayor o menor

cantidad.

p= Transicidn a mayor precipitacidn gue el limite de

zona de vida.zéj

m= Transicidn a menor precipitacidn-que el limite de la

zona de vida. E;7

1.3 Regimenes de Temperatura

La temperatura es un elemento muy importante en
vista de que hay cultivos que se adaptan a condiciones
de altas, medias o bajas temperaturas y su produccidn
dptima estd en funcidn del efecto de calor o frio.

Se han establecido tres regimenes de temperatura en
relacidn con la biotemperatura que son las mds comunes

en las regiones agricolas de leos paises decl area.

Normal Cuando la temperatura media anual y lh pbio-
(No llecva tempoeratur® sHon aproxianadanente iguales to-
sizmbolo)

do ¢l 2io{Condicicnes tropicales con dife-

rencias menores Jde 28 C).

Calicente Cuandle la tewperatura media anual on sig-
nificativamente mis lta que la biotowpae- |
C ratura(condiciones sabtropicates con dife-

rencias mayores de 280,)



Fresco : Cuandoc la tcmperatura mcdia anual es igual a la
; ’ I3 [ . ; - 3 - - 3

(No lleva biotempratura(condiciones de¢ al%“itud & latitud

simbolo) en que la temperatura es menor de 242 C, pero ma-

yor de 1821 C).,

1.4 =Regimenes de Precipitacidn y Distribucidn de 1l0vias

—

Para establecer analogias en cuanto a alternativas tec-
noldogicas de precduccidén, es necesario considerar la canti-
dad total anual de precipitacidon y la distribucidn de las
mismas durante el transcurso dei periodo de 1 uvrias. Para
tal fin‘las unidades bioclimdticas o zonas de vida se han
complementado vy subdivididc con datos agrcmeteoroldogicos -
basadcs en los Indicés de Humedad Disponible(MAI), propues-
tos por el Dr. Ceorge Hargrcaves eh los estudios de climato-

logqia y produccidn agricola para El Salvador y Nicaragua.
SE ESTABLECEN LOS SIGUIENTES REGIMENES DE PRECIPITACION

X- Monzdnicg: Cuando la &poca lluviosa ocurre durante 5 a 6
meses, siendo el periodo de la estacidn seca
muy prolongado (6 a 7 meses). Dentro de éste
regimen de precipitacidn se han clasificado d
acuerde a los indices de humedad disponitle
(MAI), los siquientes tipos de¢ Qistribucidn

de lluvias:

X1~ Buena ¢t La precipitacidn se distribuye nermalmente
entre junio y octubre con adecuada huncdad
disponible (MAI, entic 0.°0 y 1,20 & mds)
presentando un periodo canicular beniqno
entre julio y agosto, con iﬁdiccs modevades.
de humedad (MAT de 0.40 a 0.79), no mayer de’

20 \‘iu\s .



X2- Mcdcerada

X3- Regular

X4- Irregular :

X5-Mala

La prucipitacidn se distribuye normalmcnte
entre junic y octubre con adccuada humedad
disponikle (MAI de 0.80 a 120 & mds ), pe-
ro presenta un periodo canicular modcradé

con humecdad disponible deficicente(MAI menor
de 0.39) no'mayor de 30 A4las cntre julio y

Agosto.

La precipitacidn se distribuye con humedad
moderada (MAI entre 0.40 y 0.79) de junic
a agostc; en septiembre y octubre es adecua-
da y la canicula sc presenta entre Julio y
Agosto con un ligero descenso de la humedad,

perc sin llegar a valores deficiantes,

La precipitacidn se distribuye irregularmente
con indices de humedad moderada (MAI de 0.40
a2 0.79) en junio y adecuada en septiembre y
octubre (MAI de 0.80 a 1.20).!Ppesenta un pe-
riodo canicular marcado, con indices defi-
cientes! de humedad(MAI, menor de 0.39) entre

julio y agesto.

La precipitacidén se distribuye irregularmente
durante casi todo cl periodo dé lluvias, con
indices de humecdaéd moderado de junio a oc-
tubrc (MAI cntre 0.40 a 079) y prcscnta un
marcaco pcriode canicular entre julio y a-
gostn, con Indices deficientes de huncdad
(MAT manor de 0.39) ~lgunas veces nuy pro-

lonqado.

Y- Tropical ‘Lluviese: La precipitoacian se distribuve regu-

larmente durasnte 7 o 9 meses, con oin-
dtices Jde adecuada a exceesiva hune dad

y sin periodo canicular.



W - Tronical Muy Lluvinso: La precipitacidn se distribu=-

ye rcgularmente casi durante to-
do cl afio y en la mayoria de ‘los
meses la humedad es excesiva., E1

periodo scco es menor de 2 medes.

Humedad Disronible

Varios autores han demostrado que la produccidn y la
y la productividad de leos cultivos agricemlas son una funcién
de la disponibilidad de agua. El incremento de la produccidn
esti estrechamente relacionado con el incrémento de agua o

la evapotranspiracién potencial del cultive.

Es importante calibrar algunos de los mcdelos de ren-
dimiento de cultivns como: E1 Stewar, Hanks, Hall-Butcher
etc., para .o cual se debe incluir en la investigacidn a

agroclimatolégica.

Hargreaves propone la siguiente clasificacidn de la

humedad dispgonible:

Deficiante: MAI menor de 0.392. Se requiere de ricgo para

producir.

Moderada : MAI entre 0.40 y 0.79. Se2 requicre de riego
suplementario para mejorar la preduccidn.

Adecuada : MAI entrec 0.80 y 1.20., La humedad es suficie
te para la produccidn.

Excesiva : MAI maycr de 1.21. Sc requicvre de drenajes
para mejorar la producéién dependiendo del cul-
tivo, del tipo de sucles y de la topegrafila.

Nota:

Los rangos d¢ les valores-de MAT son arbitrarions y no
cs valido para tedos los cultivas, ni para todas las

condlicionegs de suclos.,
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i veces un ajuste o modificacidon puede scr
nccasaria. Sin embargo, la clasificacién provce un_bucn
indice para compraciones en distintas unidades bioélamé-
ticas y poder haccr extrapolaciones mds confiables scbre

L

alternativas dec produccién.

NOMEINCLATURA ECOLOGICA

La forma de representar cartografimamente las unidades
bioclamiticas 6 zonas de vida se hace por medic de la siguien-

te simbologia:

Una letra mayiGscula que indica la zona de vida, seguidc
de una letra minliscula que indica las transiciones, separads
por un guidn. Se representa con letras mayisculas.el regi--

-

men de precipitacidn y distribucidn de la humedad disponible.

Ejemplos:

r

Regimen de Temperatura Caliente

L c CX2< Distribucidn Regular
A A .
J Regimen de Precipitac.3n Monzdnice
| Transicién cllidc & Tropical
Zona de vida

Bosquc Humedn Subcreopical

2- Eases Tdaficas

La categoria mis amplia ‘el sistenma ¢s la clase de
1

t
cap~cidad de¢ uso, scguida do la subhclase que 500 grupos
de limitacieonas dentro de cada clase 'y finalmente 1a u=--
. 2 1a
.nidad de capacilad que anrupa de similar potencialidag

de use y mancjo.


http:maycisculas.el

‘La unidad de comparacidén edifica que se propone es 1la
subbase¢ especifica, la cual define tipos de restricciones
para cada subclase y permite la facil agrupacidn de suelos
con cualidades o limitaciones similares, dando una basec con-
fiable para la intra y extrapolacidn de normas de uso y mane-

. s
jo ée suelos.

Para determinar las subclases especificas se proponen
las las variables mids importantes y se establecen las para--
metros para cada variable a fin de facilitar la clasificacidn

por medio del auxilio de una tabla. (Adiuhta)

El sistema propuesto ha sido preparado para estudios a
niveles de detalle y semidetalle, sin embargo se puede apli-
car para estudios de reconocimiento agrupando parametros pa--

ra dar maycr generalidad.

En el caso de gque las variables ccnsideradas no sean su-
ficientes para ccmparaciones de analogias, comc por ejemplo:
fertilidad, se propone utilizar los paraimetros auxiliares ccmo:

estructura, pH, capacidad de intercambio catidnico, etc.



2.1

VARIABLES Y PiAPMETROS EDAFICOS

TOPOGREFIA.Y PEMDIENTE
Simbolo Caracteristicas Rango

A Plana o casi plaﬁa 0 - 2
Suvavemente inclinada 2 - 5
y/0 ondulada

C Moderadamente inclina- 5 - 10

_ da y/o ondulada

D Fuertemente inclinada 10 - 15
y/0o ondulada

E Moderadamente escarpada 15 - 25

F Escarpada 25 - 35

G Fuertemente escarpada 35 - 50

H Montanosa ' 50 - 75

I Precipicio ' - 75

III

Iv

1v*- vr

VI
vir*
VIIXXX

vy eREx

x/~-No mecanizable-ux/Pastoreo muy extensivo o Bosques de Produccidn.

xxx/Bosques de produccidn/proteccidn xxxx/Bosques de proteccidn.

v b W N =0

PROFUNDID/D EFECTIVA

‘cms,
Muy profundo ~-150
Profundo 100 -150
Moderadamente profundo 75 =100
Poco Profundg 50 - 75
Superficial 20 - 50
Muy Superficial - 20

LIMITANTLE DEL DESGRROLLO RADICULAR

I
I

II
III

"IV

VI-VII-VIII

No se anota a profundidades mavores <de 100 a 150 cns.


http:producci~n/protecci.6n
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Arena gruecsa, grava, guijarros o piedaras

Arcilla masiva

Gley o Pscudo-gley
Agua

Toba suave o Talpectate

Toba dura

Panes endurecidos(hardpan, claypan,

Material parcialmentec meteorizado(hrizonte C)

Lecho rocoso

9a~-Rocas acicas
9b-Rocas bisicas
95~Rocas Sedimentarias
9m-Rocas metamdrficas

9g-Rocas graniticas

TEXTURA-SUPERFICIAL (hasta 30 cms.)

Muy gruesa (arena gruesa, grava fina)

Gruesa (amf- af - am - aF)
Moderadamente gruesas (aF - Fa)
Mcdias (Fa - F - FL - L)
Moderadamente fina (FAa-FA-FAL)
Fina (A - AL - Aa)

Muy fina (A+60% de arcilla)

TEXTURA DE SUBSUELO

Muy gruesa

Gruesa

Moderadamente grucsa
Media

Modecradamente fina
Fina

Muy fina

VIII

III

II

1

I

I1
V-VI-V1I

VI-VII-VIII
v

It

I

1

1

VI-VI-VII



Abreviaciones: F-Franco; A-hrcilleso; L—Limoso; a-arenoso;mf-Muy fino;

f-fino; m-medio.

DRENAJE NATURAL

(o] Excesivo VII-VIII

1 Moderadamente excesivo III

2 Buero I - II

3 Moderadamente bucno III

4 Imperfecto iv .

S Pobre v - VvI

6 Muy pobre VII-VIII
EROSION HIDRICA
No identificada I

hl Leve - II

h2 Moderada III

h3 Fuerte IV-YVI

h4 Severa VII
EROSICON ECLICA
No identificada I

el Leve IT

c2 Moderada IV

el Fuerte 1v
TABLA DE AGUA FLUCTUMNMTE

- Muy profunda £93 I

vl Profunda 100 -150 I

w2 Moderadamente profunda 75- 100 11



w3l
v 4
w5
w 6

il
i2
i3
i4

sl

s2
s3
s4
s§5

al
a2
al
a4

Poco profunda
Superficial
Muy superficial

En la superficie

INUNDACIONES

No hay peligros
Leve

Moderada

Severa

Fuerte o Extrema
SALINIDAD

Sin sales ¢ libres
Leve

Moderada

Fuerte

Muy fuerte

Severa

AaLCALINIDAD

Libres o normales
Leve

Moderada

Fuerte

Severa

GRAVAS O GUIJARRONES

50-75
20-50
5-20

2 -4
4 -8
8 -12
12- 16

5~ 15
15-35
35-50

-50

SUPERFICIE

ausentes

I11
Iv

\
V-I1I-VII
VIII

II

III

Iv
V-VII-VIII

II

III

Iv .
v-VvI
VII-VIII

I-II

III

IV

v-VvI
VII-VIIT



gl
g2
g3
g4
gb

Gl
G2

G3

G4
G5

pl
p2
p3
pd
PS5
pé

Pl
P2
P3
P4
P5
PG

Escasos

Mnderadamente abundantes
Abundantes

Muy abundantes

Extremadamente abundgntes

GRAVAS O GUIJARROS EN EL PERFIL

Ausentes

Escasos

Moderadarente abundantes
Abundantes

Muy abundantes

Extrecmadamente abundantes

"PIEDRAS EN LA SUPERFICIE

Sin piedras
Escasas o leves
Moderadas o pocas

Fuerte o abundantes

Muy fuerte o muy abundantes

Severns o pedregaso

Excesiva o muy pedregoso

PIEDRAS EN EL PERFIL

Sin piedras
Pedregocidad leve
Pedregocidad modcrada
Pedregocidad fucrte
Pedreqocidad Muy Fucrte
Pudrcgucidad Scvera

Pedregocidad Excesiva

5-15
15-40
40-60

60~

80

>-80

5-10

10-15

15-40
40-60

D-60

<-
l] -
3 -

15-
50-

1
3
15
40
80

PT

<L0.1

0.1l-

1

1-3

3-
15-

15
50

50-80
>-00

11

111

Iv
V-VI-VII
VIII

IX

III

Iv
V=-VIi-VII
VIIT

IT
III
v
v-vI
VII
VIII

11
III
v
v-vI
VII
VIII



APLORAMIENTOS ROCOSOS

- Sin afloramiento I

Rl Leve 1t

R2 Moderada III

R3 Fuerte v

R4 Muy Fuerte VIi- VII
RS Excesivo . VIII

2.2 EVALUACION DE OTROS PARAMENTROS AUXILIARES PARA ESTLBLECER ANALOGIS

DE TIERRAS.

ESTRUCTURA
Optima I
Buena I-1I
Regular I1I
Deficiente Iv-v
Inapropiada VI-VII
PERMEABILIDAD Cm/h
Moderada 2-- 6.25 I
Moderadamente lenta 0.5-2.00 o II
Moderadamente rapida 6.25-12.00 II
Lenta 0.12-050 IITI-IV
Rapida 12,50-25.00 III-1IV
Muy ridpida >-25.00 VI-VII
Muy lenta <-0.12 VI~-VII

INFILTRACION

Cm/h
Media 0.8- 2 I-I1I
Alta 2 -6.3 ITI-IV
Baja 0.4-0.8 III-1V
Muy alta >~6.3 VI-VII

Muy baja <§0.4 VI-VII



HUMEDAD APROUECHANBLE

Muy alta
Alta
Mcdia
Baja
Muy Baja

RENCCION (pH)

Neutro o ligecramente
dcido

Medianamente alcalino
Medianamente &cido
Moderadamente alcalino
Fuertemente Acido
Fuertemente alcalino
Muy Fuertemente Aacido

Extremadamente Acddo

muy. fuertemente alcalino

>=- 20
15 - 20
10 - 15
"5 - 10
- 5
6.1 - 7.
.9 -8.4
.1 - 5,5
.5 - 9.0
.5 - 5.0
4 - 4.5
D~ 9.1

CAPACIDAD DE INTERCAMBIO CATIONICO(CIC)

Muy alta :>£l%0
Alta 40 - 60
Media 24 - 40
Baja 16 - 24
Muy Baja <~ 16
PORCIENTO NE SYURACION DE

BASES

Muy alto
hlto
Medio
Bajo

Muy Bajo

(1) Suma de¢-.cationes

(2)

Suma

> 42}
15 - 25
7.1 - 14
4.1" 7
- 4
(%)
> - 80
50 - 80
3s - 50
20- 35
- 20
due hases

.IX

11X
v
VI-VII

1

I-I1

I-II

IIX

III

Iv-vI

IV-VI
VI-VII-VIII
VI-VII-VIII

I

I-II
I-TI-III
ITI-1V
VI-VII

I

I-1I-111I
I-II-IIT-1V
v.vI
vVII-VIII



2.3

Momenclatura Edafica

Para poder utilizar la tabla de clasificacidn de
parémetros para evaluar la capacidad de uso y csta-~-
blecer las subclases especificas se dcben de represen-
tar las variables y parametros por medio de una sim=
bologia cartocrafica preliminar que se presenta en un
quebrado, donde la profundidad, textura y drenaje se
colocan en el numerador y la pendiente y otras limi-

taciones en el denominador.

Ejemplo:

Profur.dida® mfectiva (100 - 150 cms)

Tergtura superficial (moderadamen--
te gruesa)

Textura Subsuelo(igual)

Drenaje (bueno)

1 2 2
B
Limitacidn de textura
IT ¢l - s 34 Subclasce de capacidad
v ' 'lbimltacién de pendiente
P i .
encionte Subclase de capacidad
(2~-5v) I

Clase do capacidad

Para abreviar esta fdvumula, la representacidn fi-
nal con mapas de analogias se pucde preosentar solamonte

la gubclage especifica asi:

II el - s34


http:ibrevi.ar

Nomenclatura Edafo-ecoldgica

El objetivo principal de l1a motodologia es la compa-
racidn de la relacidn del sistema de Suelo-Ampiente para
establecer analogias. Por lo tanto se propon;\la repre-
sentacidn de las caracteristicas ecoldgicas por medio de

la simbologia ecoldgica, seguida de la simbologila edafica.
Ejemplos:

l1- Lc-Cx2/II el-s34 contra Lc-Cx?&I s34: Son anilogos, so-
lamente que cambia un p2co el manejo por variaciones 2n

la pendiente,.

2- Lc-Cx2/11 s-34 conta Lc-Cx2/II s 25: Son andlogos en
cuanto a condiciones ecoldgicas, pero no lo son en cuan--

to a caracteristicas del suelo.

3- Lc-Cx2/II s 25 contra XKf-Cx3/II s 25: Son andlogos en
cuanto a caracteristicas edAficas, pero no lo son gn

cuanto a condicionecs ccoldgicas.

4- Kf-Cx3/II g 25 contra Kf-Cx3/II s 25: Son andlocgos en
cuanto a caracteristicas edidficas y cendiciones ecold-

gicas en cualquier regidn o pais que sc¢ encucentren.



TAEBLA DE CLASIFICACION DE PARAMETROS PARA EVALUAR LA CAPACIDAD DE USO. DE LA TIERRA
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