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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 Baz~n 
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 Baz~n'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 to/ell 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 dire~tion of Ing. 
D!az-Romeu. The facilities are adequate as are subprofessional 
personnel with the exccpti0n that he needs full-time services of a 
secretary. Ing. D!az-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. 
Howev~r, the Central Lab is tending to become a servi~e lab [or CATIE 
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graduate students' theses and SFCS sample analyses. This service 
does not as yet appear to have seriously restricted Ing. D(az­
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. 
lng. D(az-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 fill 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, 1 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. Hateo's case, an Agronomist with 
strong soils background. Dr. Burgos, who is in charge of that project 
is a well recognized Soil Scientist. The problem is not one of lack 
in expertise but one of priorities. rime 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 improvi~g 
their capacity to make specific fertilizer recommendations is being 
provided primarily through Ing. D{az-Romeu working I~ith 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 S.F. Project is 
being felt and that it will be a sustained effect, as evidenced by 
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the increasing numbers of people entering the field via advanced 
training. There are now 11 professional Soil Scientists on the Cos­
ta Rican Soils Department staff for example. A Soil Science Society 
of Costa Rica was established and had i~s first meeting this year. 
This example, no doubt, will be followeu 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 f~rmers. 

8. CATIE's response to regional soil fertility pro~lems 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. ~oro, 
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. H~ctor Mu~oz, 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 ~he 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. 
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RECOMMENDATIONS 

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

2. 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 
experimen ts . 

3. Dr. ~oro 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 special}sts to partici­
pate in the SFCS annual planning.conferences. - . 

4. CATIE should request permission of the Costa 
for a limited number of control soil samples 
the Central Soils Lab wi thout incineration. 
treatment could. substitute as a fumigant for 

Rican government 
to be brought into 
}!ethyl bromide 
roya. 

5. CATIE should send experienced Soil Scientists, e.g., lng D!az 
and Mateo, to Honduras to review breakdown in communication 
there and develop specific plans for strengthening collaboration 
with their field experiment effort. . 

6. lng. D!az-Romeu should be sent to the States for several weeks 
during the coming year for refresher training. 

7. The Cent~al Lab should address the problem of prediction of 
sulfur deficiency in soils of C.A. 

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

9. 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. 
c) Schedule, with Dr. Burgos' concurrence, at least one lecture 

by each SFC? Resident on his program. 

11 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. 
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10. The Soil Analog effort should be rejuvenated as Soon as possible, 
and before the keen interest of participating National scientists 
has dissipated. 
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General 

Upon completing this evaluation and befor'e completing my report 
I had a 2-hour visit with Dr. H~ctor Mu~oz, Technical Director of 
CATIE. Dr. Mu~oz asked that I 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. Mu~oz interested 
and sympathetic. He had an excellent sugg~stion in response to the 
observed need for improved contact between the SFCS Co~ntry Residents 
and the National soil fertility staffs. Every year CATIE holds a 
planning conference in each country for SFCS and counterpart staffs. 
Hereafter, Dr. Mu~oz 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. Baz~n. Dr. Mu~oz 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 $cheduled already. The agricul­
tural center will be located there. Dr. Mu~oz pointed out that Ing. 
Bejarano, country SFCS Resident in Pa,nama, 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 organizatiohs and their leaders ar~ 
going to remain for some time. 

In general I was impressed with Dr. Mu~oz's expressed concern 
over improving the status of soil fertility information and expertise 
in the region, and his intention to improve coordination and contacts. 
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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 CAT IE , 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 vali~­
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 d'oes 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 attem~ting 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 irn~rove 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 regard ing 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. 
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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 Baz~n, 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, ~r. Roberto D{az-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 

Cos ta 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 I located the ROCAPoffices and had an orien­
tation visit with Hr. McColaugh. He said his information was that· I 
would know what the evaluation consisted of as outlined i~ 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 ~eport as 
secretarial time may permit. Mr. McColaugh also said I should sign a 
contract which his office was in process of preparing, and an appoint­
ment was made for mid-afternoon to do 50. 
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In the meantime I asked for assistance in locating Dr. Rufo 
Baz~n, a former key person to the Soil Fertility Project who, I 
understood, was no longer with CATIE. McColaugh said Baz~n is now 
employed by lICA and that he (McColaugh) had to make a trip to IICA 
offices shortly. So I was able to make contact with Baz~n 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 operatin~ without aggressive leader­
ship or coordinatiou. Dr. Baz~n did show the copies of the terminal 
report submitted around the time of the transfer (see Appendix C). 

This report co~sists 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 rer.eived. 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, Mar!n 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. BazAn 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. 

http:coordination.of
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Dr. Saz~n's present responsibilities as Coordinator, American 
Tropics Task Force, Interamerican Institute of Agricultural Sciences, 
CAS, does not include Central American countries at present, so he is 
no longer in close contact with those organiz~tions 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. Baz4n, I had a visit of severnl hours 
with Dr. Elmer Bornemisza, who is an exceptionally capable Soil Scien­
tist with the University Graduate School and has been most ~ooperative 

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 s~~ls 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 
carryon 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 ~ssisting 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 ~nother 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. In 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 coordinator 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 willi 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 sam.e number of farmers. A check 
had shown many farmers were sending several samples from the same small 
plot or field. Now they tend to send 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 ~tr. Coward, a chemist, runs the lab, interpretation 
and fertilizer recommendations ar~ 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 Hn. These deficiencies are usually diagnosed by visual symptoms 
and/or foliar analysis. 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 great 
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 re8pon­
sibility for coordination. 

A visit with Dr. Peter Duisberg, "!no was consultant to ROCAP on 
the Soil Analog Project, de":;io,)e-3 about the same picture already 
obtained during discussion 'Nith members of the Costa,Rica and CATIE 



- 12 -

staffs. He said leading S6il Scientists had held two sessions to 
c~nsider 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 1n regional utilization 
of accumulated soil fertility information that coula be realized by 
analog application and~me 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. ~oro, who had been sympathetic to the soil 
analog progra~ 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. D!az-Romeu are apparently 
the only identifiable physical remnant of the Soil Fertility Project. 
I feel that as long as they survive .,ith an appropriate mandate, there 
is hope for at least maintaining the leve1 of laboratory expertise 
attained'in the cooperating National programs. lng. D!az 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 corlsoliaa~lQn ot the Central Soil Fertility Lab with 
the CATIE Soils Lab under his supervision. Thu5, I do teel that the 
Central Soil Fertility Lab is gradually assuming essentially a service 
role to CATIE's different programs. \vhile this service is certainly 
essential, it should not beco~e 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 interpretation. 

2. Research 

a) Methodology, e.g., comparing results from procedures that 
differ somewhat 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 as~isting with a hopefully 
rejuvenated soil analog effort. 
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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. D{az-Romeu is 
called on by Natio~al labs whenever they have equipment break­
down they cannot correct. He is very competent in this area. 

Iri conneccion with training I think it is time Mr. D{az-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. 
D!az-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. D{az-Romeu has adequate assistance in the way 
of technicians and sub technical personnel. However, he does need very 
badly the exclusive service of a secretary. Further, CATIE has ac­
quired a more sophisticated computer and thf! lab can now process data 
not only more rapidly but far more completely chan 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 ste~­
ilization procedures that drastically alter results of chemical analY'Ls. 
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 morc 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. D{az-Romeu usually plans for one or two training sessions in 
the Central Lab each year, usually to be held during the slack crop 
season in July or August. It seems to me, in view of the rcl.:ltivcly 
small" number of people usually enr.olled, one r'egular sessiun it 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. D{az-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 result~ 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 see~s to me that there are other 
problems ~hat should be given at least equal importance, in view of 
the relatively ~inor extent of severely acic soils in the Region. For 
example, critical levels of sulfur and correlaLion of extractable sul­
phate with plant requirements is a very importdnt aiea that has been 
neglected throughout the region. 

Since che Soil Fertility Project transfer, CATIE has undergone one 
o~ more shif~s ~n organization, with the result that all its technical 
activity is nr.w grouped into four Programs: Annual Crops, Perennial· 
Crops, Animal Production, and ~atural Renewable Resources. The Cropping 
Systems ProjEct and the Soil Fertility Project. are under the Annual 
Crops Prograr.l, headed by Dr. Pedro OOoro, who is apparent ly soi:l 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 chat there are four Soil Scientists with excellent training 
working in the Small Farms Cropping Systems Project: Carlos Burgos, 
Coordinator; Washington Bejarano, Panama Country Residen~; 90nald Kass, 
Guatemala Country Resident; and Anlbal Palencia, Country Resident in 
Costa Rica. In addition, ~~co14s 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 ~he technical capacity to utilize information 
accumulated by the Soil Fertility Project and being ~de available through 
the various ~ational soils programs and the Central Laboratory. Yet it 
emphasizes the fact that no procedure by which information [rom fairly 
well-correlated soil associations in one country can be confidently 
extrapolated to similar soils in other countries where informntion is 
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lacking. Also, and perhaps more importantly, the C6untry 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 c~emical analyses. Now there is a void here because Dr. Baz~n has 
not been replaced and Roberto D{az-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 fertilicy. 
Without exception they emphasized that under Baz~n'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 Baz~n's position on tbe CATIE 
staff either by bringing him back or by putting in one of the soil 
scientists who is already acquainted with the region ego Beja~lno, Ma­
r{n or Burgos wculd be a wise move by CATIE. Anyone 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 
disCllssions 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 I.,hy 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 variahles of which 
soil productivity and adaptability and climatic factors are among the m~s[ 
important. \.Jhy, then, not begin \.,ith a smaller, but essen':ial. segment of 
the larger problem with the expectation of being abb to shOl., 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-



- 16 -

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 lng. Agr. An!bal 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 lnstallation a~d 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 carryon 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 that, 
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. 
D!az-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 relati~nship 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. \~henever d2fi­
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, incl~ding 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 Abr~a of Puerto 
Rico to Latin American Programs, ERS, recommending initiation of such 
studies (Summary of Abruna's report included as Appendix E). Following 
up on this with Dr. ~oro 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 lng. 
D!az-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, I.here 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. 
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Nicaragua 

I was informed that since the political upheaval in Nicaragua, the 
soil fertility program there had simply ceased to exist. Ing. D[az­
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 Mar[n, who was Head of the Soils 
Department until the revolution and is now Soils Specialist, IICA-PIAllIC, 
in Managua. Mar[n had plans to come thro~gh San Jos~ 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 re?orted 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 age 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. D[az-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, Mar[n 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 (Aypendix 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 Soils Department, which is organized 
into four sections: Soil Fertility, Soils Lab, Soil Classification, 
and Soil Conservation. All are under Ing. Jorge Ren~ Medina. Dr. Ni­
col~s 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, Vald~s, and Fern~n­
dez. Vald~s is assistant to Medina and in charge of the field experi­
ments, and Fern~ndez is head of the Soi.ls Lab. The camaradie tha t 
obviously exists among Ings. D{az-Romeu, Medina, Vald~z and Fern~ndez 
was adequate evidence for me of an' excellent working relationship. 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 iest 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. Vald~z 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 esti~ated critical 
level. They planned a more detailed review of this problem later. 

Vald~z 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 Valdl!z, who keeps i.n close 
touch with the lab. He said he wished CATIE would ~;end someone from 
time to time to h~lp 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 
soil analysis for fertilizer recommendation is another reflection of 
the S.F. Project impact on National programs. Fern~ndez 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 maintalning its momentum. 

When asked what the chief function of the Central Lab should be 
both Valdez and Fern~ndez in separate interviews replied "training in 
lab methodology and correlation". Fern~ndez 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 ve~y favorably on the usefulness of Soil Fertility 
Seminars for both t~aining 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 a'ld 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 ~ 
result of lifting themselves by their own bootstraps. He actually 
seemed hostile when I tried to explore cooperative relationships I~ith 

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. MartInez, 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 IlCA. Soil"S 
people were never able to get response to repeated requests for 
assistance in field experiment design and interpretation of 
results, according to }(edina. lie said they usually l.Tere 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 Cop~n, Danl! and Comayagua were 
said to be National program tests planned and carried out 
without assistance. Vald~s at this point said that he was 
personally conducting the experiments at Danl! 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 o\TlE 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 ~y S.F. Project 
or CATIE. 

5. When Bejarano was sent to Honduras as S.F. Coordinator he 
did not identify wiSh 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. 

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

Department 
Whether he 

lng. D!az-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 Ivith 
some personal imcompatibilities. In 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 D!az-Romeu plan a visit for this 
purpose. Diaz already has a history of effective collaboration and Nateo 
is newly stationed there. Certainly SFCS will be needing soil samples 
analyzed and can use the accumulated experience of men like Vald~z. 

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

I am including Panama even though an indirect approach will have 
to be used, lng, Diaz-Romeu has tried unsuccessfully for a week to get 
in touch with lng, 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 lng, 'Diaz-Romeu that lng, 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 lng, Burgos 
to learn what he might know of this National soil fertility programv 
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 
th~t 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 
soil fertility sessions, including the task force on soil analogs. Thus, 
the Country has participated in and~ntributed to the S.F. Project ef­
forts in no small ~,easure. 

According to Ing. Name's report, they had around 55 field experiments 
with varying N, P and K levels on rice, 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 ~ very 
high percentage of the samples are P -deficient, whereas K -defici~ncy 
is just the reverse. 

lng, Name stated that his country needs principally two types of 
assistance from CAT IE in the area of Soils: 

1, Technical assistance in planning and carrying out field labo­
ratory and greens house experiments, and 

2, Training and coordination, through means of courses or seminars: 
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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, lng, 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. lng. 
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. Th~se agencies 
then release bulletins giving generalized fertilizer recommendations 
within the Region based on a combination of soil test data, management 
pra~tices to be used, and general experience. Escamilla said that the 
farmers who send samples to the lab have more f?ith in the specific 
recommendations as evidenced by usually following them. Recently a new 
Technical Director Ivas appointed by ICTA and I Ivas told that he has been 
concerned by the lack of collaboration between Regional 50il 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 thnt the ice may have 
been broken and that the Soils Dept. mny have a more active role in the 
general Soils program in the future. 

Lab facilities are being upgraded by cons truction of a nel ... 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 l-lith the' Central Lab of CATIE due 
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to not being able to exchange control samples., He also said that he 
desperately needs help in detailed soil mapping for extension of soil 
fertility data, and deplored the terminatlon of the Soil Analog project. 

Sulfur ana mlnor element deficiencies, especially Boron, are known 
to occur 1n many parts ot the country, but are tncluded in the recommen­
dations only upon reported appearance of deficl~ncy 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 supervlslng. He has BO-odd ex­
periments around the country in whic~ he is involved ~nd 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 is strictly a m~tter of eco~o~ics - not enough money to 
fertilize a crop that won't bring a cash return. Tne farmers would 
readily fertilize if they cO'clld as they are I.ell aware ot 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 tn 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 limlting 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 "non coope­
ration" probably lies at this own doorstep. 

Regardless of the internal problems reported in the preceeding para­
graphs, I 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 l~qrkil1g relationship 
between Dr. Kass and the Soils Dept. has been very helpful to them. 
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Coordinator, American Tropics Task Force 
IICA - OAS 

Dr. Elemer Bornemisza 
Coordinator, Graduate Program 
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Dr. Alvaro Cordero 
Head, Soils Dept. 
Ministry of Agriculture 
San Jos~ 

Ing. Alfredo Alvarado 
Asst. Prof. of Soils 
University of Cos~a Rica 

Dr. Peter Duisberg 
Consultant 
San Jos~ 

Ing. H~ctor Coward 
Director, Soils Lab. 
C.R. Ministry of Agriculture 

Dr. Pedro Citoro 
Chief, Annual Crops Program 
CAT IE 

Dr. Carlos Burgos 
Project Leader, SFCS 
CATIE 

Dr. Gonzalo de las Salas 
Forest Soils Specialist 
CAT IE 

Ing. Roberto D(az-Romeu 
Director, C~ntral ~1b 
CATIE 
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lng. Eduardo Marrn 
Soils Specialist 
IlCA- PIADIC 
Managua 

lng. An!bal Palencia 
Costa Rica Resident, SFCS 
CAT IE 

lng. Jorge Ren~ Medina 
Head, Soils Program 
Tegucigalpa 

lng. Antonio Vald~z 
Soil Fertility Head 
Tegucigalpa 

lng. F,erliciano Paz-Fernltndez 
Director, Soils Lab 
Tegucigalpa 

Dr. Donald Kass 
Guatemalan SFCS Resident 

lng. Emelio Escamilla 
Soils Dep t. Head 
Guatemala 

lng. Mario Breauner 
Director,!Soils Lab 
Guatemala' 

lng. Mario Breauner 
Director, Soils Lab 
Guatemala 

lng. Ricardo del Valle 
Director, Region 7 
ICTA 
Guatemala 

Dr. Frank Martin 
T~chnical Consultant, SFCS, ROCAP 
Costa Rica 
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APPENDIX B 

EARLY 

BACKGROUND 

The highly weathered and leaeked state of soil s in humid tropical 
regions flldkc the establishment and maintenance of adequate leve:ls arid bal .lnc:'-! 
of plant nutrient elements, and the correctio...n of phytotesis levels of clcr;lImts 
such &s aluminum and manganese , tentamount to most effective use of thc~c soil~ 
for agriculture. This equally true whether crops are grown in monocultur~ 
or in various sequences or combinations during a given season. Chemical 
soil analysis · is a tool that can provide useful information regarding the 
fertiHtj· status of soils, but for the results to be at all reI iable they must 
be correlated with those from actual field trials where crop response to levels 
of fertili=ation has been established for different soil categories. Green­
house tests can be useful in identifying the existence of deficiencies or 
toxicities. buy cannot substitute fcc field te~ts in final correlation. 

'I1le International Soil Testing Project-. init.iat-ed in the mid- 60 ' s · .... as 
charged · ... i:h establishing soil test-ing laboratories in the fiv.e Central 
American =ountries. providing equipment. describing unifc~ procec~r2s. and 
training -:.echnicians to operate them. :-Iuch later. a. re ... ision o~ this ?roj~ct 
specified that attention be devoted to establishment of field fertilization 
trials an:! that the :-esults he correlated · ... ith laboratory data. T!'ll.!s. t,'le 
correlatlcn phase ~as laC;ged behind the chemical anal·/ses. :ihile the vadous 
nat iona l soil fertility ?rcgrai.\S have included fie1:! trials that gene:-3:ed 
data that could be used for cor:relation. they have gene:rally been i:u,deql.!d.te. 
and site identifi.::aticn often incom?le::.c in :recorded data. .~othe r relevant 
point in consirle:rin: the soil !ertility project background is the fact that 
although ':'n all its forms. ?ast and present. it sp'lns about lS years. '",hen 
broken do ... -n to project professional time devoted .to this prog:-3m in each 
country one finds that an average of about 2 1/2 man-months ?er year per country 
have been ?ut into i t. This extremely modest in,put has in fact produced .ln 
amaz ing acvance in soil !ertility expertise in the region. 

The ?urpose of this pro ject was to develop through a reg ionallY coordi­
nated :entra1 American soil fertility research program the c3r.lbllity of 
synthesi:.i:'IC~ fertili::er use alternatives suited to the cropping sys:cms of 
small fa:·::-:~rs of the area. The project is ac:.ually .1. continu.H. ion ot' th~ "oU 
fer:. i 1i:y t!valu.1.tion and i:nprovem~nt project previ.:>usly c"'rri~,1 , ut un"h'f 
contract ..... ith NCSU. this project h.'\d in turn be~n prt:!cco!d~d b~' t:~t! tnt,,·ra.ltlon.l1 
Soil Tcst inq Projec-:.. also undo!r contr.let with NCSU. Th~ prt!:h'l\t 30il F'.:,·tiltry 
project ... ·.;\5 initi.lted in 1975 and is scht,·dul.:d to t~rmin.lt\! in ~1.H·;:h. 1 ~' :'8. 

In order tC'l insure .::ontlnuity uf tho.! prOQr.lm .lr't.:-r t~rmil"'tion \l( ~ !h ' 

project . initial projo.!ct pl.lns calh'rl fllr H.r~I'.1ratiC'ln lJy C,\Trr. t ... , ,l !> SUt:lo.! 
l~ado.!n: hi~', supo.!rvision and b.lCkstol'pina at' tho.! on-qolnQ ~oi l r'L't'ci1itr 1" 'llt'.lr,·h 
.lft.:-r R\,.'CAP funds .llloc:\tt!d to this .1.ctivity h.:\Vo.! bo.!,,·n .h .. bunh·.t. 

• 
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The project agreement between ROCAP and CATIE, signed in June 1971, 
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 ma~e 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 solving the problem faced by small farmers in the use of fertilizer in 
their cropping 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 
So:l 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. 



· APPENDIX C 

Terminal reports prepared for the Soil Fertility Project by the Staff. 

Informe Final 

~~nexes to Final Report: 

No. Title 

1. Metodologia de muestreo de suelos, analisis qu~m~co de suelos 
y tejido vegetal e investigacion en invernadcro. 

2. Estudios de invernadero. 

3. Proyecto de sistemas de produccion para pequefios agricultores: 
Caracterizacion de los suelos de los sitios experimentales. 

4. Uso practico de los modelos discontinuos para interpretacion 
rapida de la respuesta de cultivos a la aplicacion de fertili­
zantes. 

5. El ~anejo y resumen de datos de experimentos con fertilizantes 
en Centroamerica y su relacion con los estudios de identifica­
cion de suelos con caracterlsticas semejantes de manejo. 

6. Resumen del analisis y breve interpretacion de los experi~entos 
de fertilizacion de El Salvador, Honduras y Nicaragua. 1960-1975. 

7. Soil fertiE ty investiga tion in Honduras. 1977. 

8. Res~na del trabajo sobre suelos analogos en America Central. 

9. ~etodologia utilizada en el aspecto bioclimatico. 

10. Metodologia utilizada en el aspecto suelos. 

11. Primera aproxim~cion de suelos analogos de Centro America. 

12. Resultados obtenidos de la computacion de las variabl~s consida­
radas para comparar los suelos dL! El Salvador. 

13. Analoglas d~ suclos en Honduras. 

14. Lo~ suclos ~C1rlcol.1s de El Salv.ldo[" de 0 a 500 m~t["o~ SClbt"l' l·t 
niv~l d~l mar. 

15. II Reunion regional sobr~ fcrti lid.ld y an.llo'lo~ dc su~lu~. ~l 

S.llv.ldor, m.1r=o 1)-18,1')78. Inform\.! Fin.1l. 
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No. Title 

16. El Proyecto de Fertilidad de Sue los del CATIE. 

17. Consultant's tinal report to CATIE and ROCAP on completion of 
soil analog subproject. 

18. Soil Science in Costa Rica. Classification, ferttlity and con­
servation. 

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

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

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

22. Soil Science in ~icaragua. Classification, fertility and con­
servation. 

23. Soil Science in Panam&. Classification, fertility and conser­
vation. 

24. Programa Nacicnal de Fertilidad de Sue los del Ministerio de 
Agricultura y Ganaderla de Costa Rica. 

25. Analisis del Departamento de Suelos CE~TA. MAG. El Salvador. 

26. Programa de Manejo y Conservaci6n de Sue los. Proyecto d~ fer­
tilidad de suelos. Ministerio de Recursos Natural~s, Honduras. 

27. Informe sobre el estado de los progr.lmas de fcrtilidad de sue­
los IDIAP. Panama. 



IlE!'.cHlt'CrON DE CJ\PCO 

Nc:mbre: Roberto D~AZ ROMEU 

Esc<llafon: Personal Profesional Internacion<ll 

Cl a,s <:l : P3/Escalon 1· 

Titulo del cargo: Jefe del Laboratorio de Sue los 

Supervisor inmediato: Jefe eel Programa de Cultivos Anuales, 
o el tecnicQ que este designe. 

Objetivos 

Procurar una labor eficient~ del Laboratorio de Suelos, que 
asegurc la continuacion del servici~ y un uso adecuado de los 
·recursos asignados. 

Daberes y responsabilidades 

1. Dirigir las actividaces eel Laboratorio, en la preparac~on de 
muestras de suelos y plantas, calibracion de equi!X), instrumental 
de analisis multiples y de cquipo electronico para analisi5 rapieo 
de suelos y plantas, incluyeneo la unidad de ~sorcion at6~ica. 

2. Utilizacion de,metodos anallticos modernos y apropiados para 
analisis de suelos y plantas, aSl como la correlacion de resulta­
dos de laboratorio y ensayos de invernadero y de campo. 

3. Realizar y dirigir investigacion en metodologia de anal isis de 
suelos y plantas, con interpretacion ee resultados y recomendacion 
de practicas de fertilizacion. 

4. Asesorar los laboratorios de suelos de los palses dcl Istmo 
Centroamericano, en la org."lni::acion y procedimien tos anullticos 
acordes con los proccdimientos aplicados ·m cl L.iliuratorio de 
Suelos del C;TIE. 

5. Participar cn actividades docentes del Proqr.:un.l ce Estudio!. de 
Posgrado, al igu.:ll que enola cap.:lcitacion del r~rsor..:ll tl~cII1~o de 
los laboratorios de suclo::. de los palses del I:>tmo C~ntn.'.C::l!l'iCilno. 

6. Mantener en buenus' condicionc!'; dc tr.lbaJo t!l equipo c inflt.ll.lcionp.!i 
a su cargo. Y su!'ervi~.lr .11 !Jt!rson,ll boljO SU l:1olllJu cn cl Cl:::1I'limiell­
to de Iols Iilborcs as l::Jn.lliol!>, r..1 salvolguolrdi.l dt! I,ls illtC'r~:;"J clt::1 
C!l.TIE. 

7. Col illlo r.l!." e n l.:l~ d i 'Ie rcol''; ol ct i vi d.ldC'.; dent ro .Il: fiU ,C!lt'CC i.:ll i d.lei , 
que l~ solicltc ~u superior Illmedl.lto. 
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APPENDIX E 

S~nary of report by Fernando Abrufia, 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, Nicaragua, 
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 fo~ research 
work evaluating ~ulches, crop residue recycling and green ~anure crops. 
Farmers' opinion, on the other hand, vary from eagerness tc indifference. Directors 
and technicians agree that this piece of research work must be integrated 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 inforr.lation available at C!:::-JTA, 
in El Salvador. In spite of the fragmented research, small far~ers 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 · .... ork 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 qreen manure crops suggested can be changed to 
comply with local conditions. ~!ulching materials like filter press cake from 
the sugar industry, coffee pulp, dry coffee shells and rice hulls are extremely 
useful eithet as source of nutrients, a moisture conserving m.:lte!':i.:!l or both, 
and whenever available must be considered with priority if the organic residue 
research project recommended is finally implement~d. 

(4) The project on Cropping Systems for Sm.:!ll F.:!rm~rs, although is rend~r­
ing a valuiwle servic~ to them, is not producing the resc.1rch JLlt.l it should. 
The use of only 2 replic.:!tes pcr f.:lrr.l tends to introduc~ .1 hillh -i~'!t·.:'C uf V.1ri.l­
bility mainly bccause cult~r~l practices arc FCrforr.led by f.:lr~~rs 0n .:l v~ry 

vari.lble way .:lnd tim~ng. ~!orcovcr, .lny loc.:ll Llctor s(lmL~timl'~ L111t l)[ ':lmtrol, 
that m.ly influ~tlce yield, is m.:Iny tolos more dett'rmin,lnt tvitl! 2 r~l'llc.ltL':-; th.lll 
if more rcplic.lt~s .1re uSl'd. It is sug(Jcst~d th.:lt thc nllml,~t' of ~ite~; l't..' redlh~L~.i 
in' fa\'ot" of fctvct" morc rcpl ic,lted tests. If .1Cl'.1 .1V.li l.lbie is not ent'lIqh the 
olt"C.l of the expcriment.ll plot C.ln be t"cdl\ced .lcconiinqiy. 
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(5) There is a generalized oplnlon among Directors and to some extent 
among scientists, that the way CATIE is handling the cooperative work on Soil 
Fertility and Cropping Systems for Small Farmers is not the be~t. The most 
comm~n complaint arises from the common practice of laying out experim0ntal 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 expertise 
to the other countries. Some of the technical people 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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METODOLOGIA PARA CSTADLECER ANALOGIAS 

EN BASE DE LA CAPACIDAD DE UgO DE 
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~~TODOLCG:~ P~?~ rSTn9LECCR ~H~LO~I~S eN BhSE DE LA 

CAP/·Clo,·,n D!:: USO DE !,;'\ TIEf~Rr, i.' zorn.S DE VI::>'-' 

Por: Eduardo J. M~rrn C. 

I IUTRODUCCIO:: 

Es cvident~ ~l marcado intares que tiGnen los Cobiernos ce los 

purses Centroa~cric~ncs pur~ ohtener un mejor rancinientc de la tie­

rra por medio de pro~ramas de inv~stig~ci5n y transfcrencia de tcc-

nologra. Para logr~r estos propositos se .requierc de unu adecuad~ 

informacion de las determinnntes n3tura1es de 1a produccion como 10 

son ~1 sue10 y el c1i~~ , de tAl form~ que se puedan estab1ecer ne­

can i Sl'\OS qu c perr;;i ta:; eli n te rc ::.nb io c i c n·+:.i f i cc- tc c:;o log i cc . 

II 09JETIVOS 

Para contribuir con est~ in~uietud sa profone cono una ~proxi­

rn~cion mas, una me+:.odu10g1~ que permita esta~lecer ?nal~gras ~~ ba-

se de 1a cap~cidad de Usa de I~ Tierra y Ins Zonas de Vida de Holdrid­

ge, conp1encntnd3 ea conceptos de Hargreaves, ~ fin de lo~rar los 5i­

guicntes cbjetiv09: 

1- Un i fie :l r c !' i t c rio s. dec 1 a s i f i c ,~ cia n d (~ tic r r n 5 e n f \\ n c ion d e 

establcc~r pnr5~~tros par~isib1cs para cnd~ Cl~se de C~p~cid~J 

y dcfinir s~bc:~ses ~srccrficas. 

2-Establ~ccr unidadC!s llc uso y mancjo m.::dL~nt .. · 1 ..... 19ruP·".,=U;n ,1::­

tierr,~~ con cU:llid".:l~s 0 lil'1itClcinllt.!!.i simil.Hl~s en cll.lntn .1 

l':~ pl~~~ i" 1 i:; t.'\ C 1\ S'I\"1I,'I- I I C,'.-I' 1,\[) I ,: ~: It·.'I· .. ., 1\.'\ 



4- Orient~r'l~ plu~ific~cien d~ l~ i~v~stig~cien u nivul.dc pnises 

en una bus~ ~dccundn y confi~blu qu~ pcrmitn l~ intru y (!xtru-po­

lacion ue rcsult~dos expcrim~nt~les 0 comcrciulcs y sitem~s de 

muD~jo de suelos, 

ec.onc5micos. 

cvitando 1~ dup1icid~d de cfucrzos tccnico9. y 
" 

5- Orientur 1a po11tica del creditQ ~gr!co1u en funcien de nvisos 

que garanticc 1a rccuperacion econc5rr.ic~ y fonenten 1a produccion 

agropecuelria. 

6. Estclb1ecer po1iticas sobre 1cgis1acion de los recursos naturales 

renovab1es de tal forma que se proteja y conserve e1 putrimonio 

Naciona1. 

III CRITERIOS 

La matodo10g!a se fundamenta en los critcrios de 13 inter-re1~­

ci6n del sistenn 5UELO-AMBIENTE ya que ~s~e determina e1 h~bitat de 

las plantas cu1tivadas 0 nativas y las variaciones que se sucedan en 

e1 mismo establ~cen diferencias el, lel adaptabilidad y producciun de 

los cultivos. 

Por 10 tanto para estab1ecer ana10giels eS neccsnrio est~b1ccer 

p~r5metros ed~ficos y eco16gicos que pe~mitan hac~r comp~racio~ea 

entre e110s. 

IV METODOLOGIA 

Lel rnctodnlcigia que sa propon~ como una ~pro~ir.lacion 

alcanzar los objetivos scRa1nJos, se basa en 1n cnr~ct~ri=aci6h de 

1a ccologln y de la tierra come fnctorcs deterr.1ill,'H.tcs ~I\ 1~ pro­

ducci6n agrlcoln. 

L" c,'r"ct~r.i~"ci(.n .::!colc'CJic., !i~ funlt .. ~:n~nt.\ en l~~~ l'L'iIH'iplo~ 

d~ L, cl.,sific.,cii')n ~lun,H."\l ~k Z~'I\.'!i ll~ Vi~l., t.' L,R. !I\'l.ll'i\l'.l~·, 

c(),"pl~ln~nt.,~l.1. PC'C" conccl'to!O "CJCOC 1 Lr.l,\t len:; rl'l~I'\I.·:~t.~~~ !' •• t' (;. II.~L'-

gr\~.'Vl~~ un inv\.'sti" .. ,C'i\'I\I~!i rl·.lli;~.~,l.,~; ~"bl"~ .'t Clilll.\ Y 1 \ rrl,.l,,,·.~i:.,,· 

,iqricol., ~n ,lif~r~'nt~::; Il.tlnl·:' <.:.!ntl·I"',\m"l'ie."\\I.I~;. 
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La caracterizl':ion cle' L, til~rrll, sc b,1SlI (in los conccptos del 

Sistema de C nsific&1ciGn de Tierras por C~pncid~d de Uso del 

U.S.D.n. (Mnnu~l 2.10), c~n par5metros cl~r~rnente definidon p"r" Ins 

condiciones de los p~£~ s Centro~mcricanos. 

A continuncion se ost~blecen las bases eco16gic~s y cdafices 

que doterr.linnn los par5metros de comparacion pnr~ definir nnalog!as. 

1- Bases Ecoloqic~s 

La unidad ee comparacion ecologica que se propone os la 

Zona de Vida, transiciones y asociaciones atmosferica£ mas 

relevantes. La zona de vida se considera como .una unidad Bi 

Bioclim~tica" porque es la que mide la relacion. que existe 

entre el clima y la vegctacion considerando por 10 tanto tc-

dos los elenentos que cont~olan 'esta relacion como 10 son: la 

precipitacion, temperatura ambiental, temperatura de las plan­

tas (biotemperatura), humedad, latitud, altitud y efectos co­

latcrales de otros ele~entos que influyen en la produccion agro­

pecuaria. 

De acuerdo a los mapns eco16giccis preparados p~r L. R. 

Holdridge y J Tossi en los parses Centroamericanos s~ han es-
I 

tablecido la presencia de las siguientes Zonns de Vida, para 

10 cual se propone presentarlas con una letra ma¥uscula de la 

siguiente mancra: 

1.1 Zonas de Vidn 

Sfmbolo 

A 

B 

C 

D 

E 

F 

c: 

Nombre' de l~ Zon~ de Vida 

M~nte Espinosa Tropical 

Bosque Muy SeCD Tropical 

Bosque S~co Tropic~l 

~osC'!ue lIurnudn Trnpic.,l 

Bosque Muy II umc,,,jr. Tr~'pic~1 

UCl5qul' I'luvi;\l TrCll'ic.ll 

nOs'1UI..' Pn!t:lnnt,'lno IIlllncl\O 
T r n f1 i t: .. , ) 

SlrnbolC" Oriain:\l 

mc-T 

brn~-T 

bs-T 

bh-T 

bmh-T 

bp-T 

hh-I'T 



If Bn,squn Premon t.' nc' r" \Iy lIumecln bmh-PT 
Trnp i c:.ll 

I H.1lez(l Ocs6rtic~ Subtropicnl md-S 

J Monte r.:.pinozo Subtropical ma-S 

K Bosque Secr) Subtropicnl bs-S . 
L BosqUe Uumedo Subtr.opical bh-S 

M Bosque Huy Humedo Subtropical bmh-S 

0 Bosque Pluvial Subtropical bp-S 

p Bosque muy Humedo Montan- Bajo bmh-BMS 
Subtropical 

Q Bosque Huy I!umedo Montano Oajo bmb-HBT 
Tropic.)l 

R Paramo Tropical p-T 

S Paramo Subtropical p-S 

1.2 Transiciones 

Oebido ~ qUe las zenas de vida sa presentan en p-l 

diagrama de c1asificacion en forma de exagcnos, los cuales 

son dellmitados an forme tridimonsion~l por las lineas 

guias de biotcmperatura, prQcipitaci5~ y relaci6n de eva-. 

potranspiracion potencinl, se presentan sois transicione~ 

can las zonas de vidns adyacentes par medio de tri~ngulos 

isose18s, los cu~lcs se prescntan con las siguientes letras 

minusculas y ~on: 

T~rnic~s: ~qucll~s que prcscntan una biotenpcrntura ~~­

yor 0 mcncr de los limit~s ~e c~da reqi~n l~titudin~1 pn­

ra c~dn zona de vidn y :.u prcs~ntnn ~s!~ 

Sir:lbC'lo 

c. Tr.1r.:;icion.'\ l.,'\~;.'\l l" 

b i 0 t,~ M P ~ l' ,,\ t \I r .1!; In ~ !i 
C .~, 1 i ,1.1 :; q \ll! ,'1 t i r~ it. ~ 
'd~ l.l ~'~II.'\ d.' V il!.'\. 

fa Tr'III:;i~jl-;1I ,\ 1:I'\!II'I'!'"tll­

r."It: \II,'i~l frl,·:~.1": '11'" \'1 
1 \ ill i t, \.' • '" 1 ,I ;~ " II • \ d l' 
vi ll.I • 



Humedad: Son aq~ell~s en qua c~mbi~ l~ provincia de 

humcdad dcntro de cnd~ zon~ da vida en pcquenos v~lo­

res(maycr 0 manor) 

h- Transicion a una provincia mSs humeda 

sa Transicion a una provincia mas scca 

PrecipitaciCin: Son aque lla sen que. los va lore s to tales de 

precipitacion anual, cambian ligeramente a mayor 0 m~nor 

cantidad. 

p= Transicion 3 mayor precipitacion que el limite de 

zona de vida'd 

m= Transicion a ~cner precipitucion'que el limite de la 

zona de vida. 

1.3 Regi~enes ce Temoer3tura 

La temperatura es un elemente rnuy importante en 

vista de que hay cultivos que se aduptan a condiciones 

de altas, medias 0 ~aj~s tc~peraturas y su produccion 

optima esta en funcion del ~fecto de calor e frfo. 

Se han establecido tres reg!menes de tcmpcr~tura en 

relacion con lu biotcmperatura que son las mas comuncs 

en las rcc.;-iones u'JrlcaL'\s de le's pulses del 5.r~.:1.. 

UC'rrr.al 

(No !lcv", 
5 i :r.bo 10) 

C"li~ntc 

c 

'. . .... 

Cunndo l~ tcmper~tur~ m~cli~ unu~l y l~ bi0-

tcrnp,~r,1t'Jr.'" s"In ;~pr(')xi::l.1lb.n~nt\.! iqU.llc:> t:.~­

do cl ~~o(ConJicioncs trC'picnlcs ~0n dif~-



Fresco Cu~ndo l~ tcmper~tur~ medi~ nnu~l os igual a la 

(No llava biotempr~tur~(condiciones do ul~itud a latitud 

sImbolo) en que la temperatura as menor de 24~ C, pero m~­

yor de 18:1 C) • 

1.4 =Regirnanes de Prccipitacion Y Distribucion de 110vi~s 

Para establecer analog!as en cuanto a alternativas tec­

nOlogicas de p~cduccion, es nec~sario considerar la canti­

dad total anual de precipitacion y la distribucion de las 

mismas durante al transcurso del periodo de 1- u·,ias. Para 

tal fin las unid~das bioclimfiticas b zo~as de vida se han 

complcmcntado y subdivididc co~ datos agrcmeteor016~icos 

basadcs en los In~ic~s de Hurnedad Disponib1c(M~I), propuas­

tos ~~r el Dr. George Hargreaves en los estudios de climato­

log!a y produccion agricola para El Salvador y Nicaragua. 

SE ESTABLECEN LOS SIGUIENTES REGIMENES DE PRECIPIT~CION 

x- Monzonic9: 

Xl- Duana 

Cuando l~ Gpocn lluviosa ocurre durante 5 a 6 

mesas, siendo el perlodo de 1a estaci6n seca 

muy pro10ngado(6 a 7 meses), Dentro de esta 

reqlmen de prccipitacion se han c1asificado d 

~cucrdo a los indices de humcdod dispcnib1c 

(Mi\I), los siquientcs tipos de: distribuci6n 

de 11uvins: 

L~ precipitaci6n n~ dintribuya nc~rn~lmcntc 

e'l1trl! juni" y o<.:t:ui:lrc con .ld~cuadn hurn~lL1,1 

dir.ponib1l! (:t:,1, cntta o,no y 1.20 0 m.1!l) 

prcscnt~ndu un pur[~d0 ~~nicul~r h~niqn~ 

c n t r c j u 1 i L) Y ,1 q .1 ~ tn, C " II 1 n II i ~ I.!!j In 0 d c t' .1' Ius· 

,II.! huml!d'HI (H'-II du 0.40 .1 0.7')), n\' 1I1.1y\',r de' 



X2- He.de: rada' 

X3- Regular 

X4- Irregular 

XS-Hala 

La pr~cipitucion ~e distribuy~ normu1mcntc 

untrc juni~ y octubre con 3dccuudu humcddd 

disponic1c (ltj\! Ge 0 .BO oa 1.20 6 mSs ), pc:­

ro prcsent~ un per10do c~n!cu1~r modur3do 

con humedad disponib1e dcficicntQ(H~1 menor . 
de 0.39) no maycH de 30 d!as entre julio y 

Agosto. 

La precipitaci5n se distribuye con humcdad 

modcrada (MAl entre 0.40 y 0.79) de junio 

a agostci en septicmbre y cctubrc es adccua­

da y la canicula sc presenta entre Julio y 

Agosto con un ligero dcscenso de la humeu~d, 

pero sin,11eg~~ a va10res ceficientes. 

La precipitaci5n se distribuye irregul~rmente 

con indices de hurnedad mo~erada (MAl de 0.40 

a 0.79) en junio y adecuapa en septiembre y 

octubre(M~I de 0.80 a 1.20). IP~esenta un p~­

r1odo can1cu1ar marcado, con indices defi­

cientc~ Je humcdad(M~I, manor de 0.39) entre 

julio y agesto. 

: La precipitacion se distribuye irregularmente 

durante casi todo cl pcriodo de 11uvia5, con 

indices de humcu.1d mo,lcrndCl 'le junin .:l 00-

tubre 0·\;\1 entre 0.40 i\ 079) Y prcs..:ntrl uri 

marca~o pcriorlo c~n(cul~r entre julio y a­

g~stn, c(ln indices d~ficiQntc$ ~~ hu~cJad 

(Hi,I n.:lllor d" 0.3,) .... 19ull.1~ vec::!s r.1\\y prn­

lon cpd::-. 

y- Tr~pic.:\l °Lluvics~: T .. 1 l'rl.·cil'it,~.::'i";n :;1.' 1!i:itriIHI'/~ r":'Ju­

l.'rm\~l\t" (lut·~nt.I.' 7 .' '\ mt.'!;,·o;, C't.'n 11:-



w - Tranicn1 Muy L1uvinso: Ln prccipit~cion so distribu-

yo rcgul~rmcnt~ casi dur~nte to-
.' 

do el afio y en l~ m~yori~ de~~os 

meses la humcdud cs exc~siva. El 

pcrlodo seco es mcn~r de 2 mea~s. 

1.S Humednd Dis[<,?lIiblc.: 

Varios autorcs han dcmostr~do que la produccion y la 

y la productivid~d de lc~ cultivos agrlcolas son un~ Cuncien 

de la disponibilidad de agua. El incremento de la produccion 

esta estrechnmente relacionado con el incremento de agua 0 

la evapotranspiracicn potenciai' del cultivo. 

Es importante calibrar algunos de los mvdelos de ren-
I 

dimiento dc- cultiv0s como: El Stew~r, H~nks, H~ll-Butchcr 

etc., para ~o cu~l se debe incluir en la invcstigacion a 

agroclimatolcgica. 

Hargreaves propone la siguiente cl~sificaci6n de la 

humeclad dis!,o'oible: 

Deficient~: 

Moderada 

:'decu~d.1. 

Excesiv.1. 

Not" : 

MAl menor de 0.39. 

prouucir. 

Se requi~re de ricgo para 

MAl entre 0.40 y 0.79. S~ requicre de riego 

suplcmentario p~ra mcjorar l~ producci6n. 

MAl entre O.BO y 1.20. 

te parn l~ produccion. 

La humed~d es ~uficic 

MAl mayer de 1.21. Sc requierc ~~ jrcn~jcs 

par~ rnejorar 1a pr0duc~i6n Jcrundi~n~o ~~l cul­

tiyo, cicl tipo cl.:: 5"..1c1('15 l' de 1.1 tC'pogr:lfl.,. 

con'] i r: ion us do:; u,~ 10 s . 



ncc::!sario. 

~ veces un ajuste 0 ~odificaci6n puedc scr 

Sin e~b~rgo, la clasificacion provcc un,bucn 
'. 

indicc p~rn compracioncs en distintas unidadcs bioclarn~-

ticas y poder hacer extrapolaciones mas confirtbles svbrc . , 
alternativas de producci6n. 

umSE:1CL;,TURi. ECOLOGIC', 

La for~a de raprasentar cartografinawente las unid~dcs 

bioclarn5ticas 6 zonas de vida se hacc por medic de la siguicn­

te si:olbolog!a: 

Una letra mayuscula que indica la zona de vida, seguidc 

de una letra min6scula que indica las trnnsicio~es, separado 

por un guion. Se representa con letras mayusculas,el reg!--

men de pre~iritacion y distribuci6n de la humcdad disponibl~. 

Ejemplos: 

Reg!mon de Temperatura Caliente --------r"-
~ 

L c CX2~--------Distribuci6n .Regular 

)
I!\L Rcg!mcn de prccipitac~5n l1onzonicc --------

.L.-__________ Trans'icicn calidc 0 Tropic.:ll 

~----------------------
Zona de vida 

Bosque HUMl1JI) Suhcropic.l1 

2- E~scs E~~fic~s 

f!~ C;\,~:t cl,~~,~ 'Y t!in,:~l:~t~1\t..: l,~ u-­
:~ '1·' \.,,:, !i 

."Irup.1 .\...: !iirail H Ih~t~l\.:i."di.I\;J 

http:maycisculas.el


"La unidau de comparncion edSfica que se propone eG la 
~ 

subbaso espec!ficQ, In eual define tipos de restriccion~s 

pBra cad u subelasc y permite la faeil agrupaeion de suelos 

con cualidades 0 limitacioncs similnres, dando unn base con­

fiabl@ para la intra y extrapolacion de normas de uso y m~ne­
. los 1 JO oe sue os. 

Para determinar las subclases cspec!ficas se proponen 

las las variables mas importantes y sc establecen las para-­

metros para cada variable a fin de facilitar la clasificacion 

por medio del auxilio de una tabla. (Adjunta) 

El sistema propuesto ha sido preparado para cstudios a 

niveles de detalle y semidetalle, sin embargo se pucde apli­

car para estudios de reconocimicnto agrupando parame~ros Da-­

ra dar mayc~ generalidad. 

En el caso de que las variables ccnsid~r3das no senn su­

ficientes para ccmparacioncs de analog!as, come p~r ejemplo: 

fertilidad, sa propone utilizar los parametros ~uxiliar~s como: 

estructura, pH, capacidad de intercambio cationico, etc. 



2.1 VldunDLES Y l'i,P.;,fH:TROS COl,FICOS 

TOPOGR.",rr.i Y PF.!IOICrJTE 

51mbolo ellrilcterlstic,1s Rcl ngo CIa :;~ 

rl Plann 0 casi plilna 0 - 2 I 

B SUllvcrnente inclin"da 2 - 5 II 
y/o ondulilda 

C Hoderacamente inclina- 5 - 10 III 
da y/o ondulildil. 

0 Fuertementc inclinada 10 - 15 IV 
y/o ondulilda 

E Modcrilcilmente escarpaca 15 - 25 IVx_ VI 

F Escarpnda 25 - 35 VI 

G Fue rtemen te encarpada 35 - 50 Vll xX 

H Hontanosa 50 - 75 Vll xXX 

I Precipicio - 75 VlII xXXX 

x/-No mecaniznble-~x/Pllstoreo muy extensivo 0 Bosques de Procuccion. 

xxx/Bosques de producci6n/protec~j6n xxxx/Dosques de proteccion. 

PROFUNDID~D E~ECTIVA 

·cms, 
o Muy profundo -150 I 
1 Profundo 100 -150 I 

2 Moderllda~ente profundo 75 -100 II 

3 Poco ProfundG 50 - 75 III 

4 Superficial 20 - 50 IV 

5 Muy Superficial - 20 VI-VII-VIII 

LIHIT~NTE DEL DES5RROLLO R~DICUL~R 

No se anot.) .:l profundidi\uc5 r.1uyorcs de 100 .:l 150 cr.1~. 

http:producci~n/protecci.6n


1 

2 

3 

4 

5 

6 

7 

8 

9 

o 
1 

2 

3 

4 

5 

6 

o 
1 

3 

4\ 

5 

G 

Arena gruesa, grava, guijarros 0 piedaras 

1\rcilla masiva 

Gley 0 Pseudo-gley 

Agua 

Toba suave 0 Talpetatc 

Toba dura 

Panes endurecidos(hardpan, c1aypan, etc) 

Material parcialmentc metcorizado(hrizonte C) 

Lecho rocoso 

9a- Rocas ac ic'.a s 

9b-Rocas basicas 

9s-Rocas Sedimentarias 

9m-Rocas meta~6rficas 

9g-Rocas graniticas 

TEXTURA-SUPE~FIClnL (hasta 30 ems.) 

Huy grucsa (arena grucsa, grava final 

Gruesa (amf- af - am - aF) 

Modcradamente gruesas (aP - Fa) 

Medias (Fn - F - FL - L) 

Hoderadamente fina (FAa-F1\-F~L) 

Fina (A - AL - Aa) 

1-1 u y fin a ( 1\ + 6 0 \ d ear c i 11 a ) 

TEXTUR1\ DE SUBSUELO 

Huy gruesa 

Grucsa 

Hodorndnncnte qruesa 

~'cdi a 

Modcr~d~m~ntc fin~ 

Fina 

HUy fin., 

VIII 

III 

II 

I 

I 

II 

V-VI-VII 

V:t-VII-VIII 

IV 

It 

I 

1 

I 

VI-VI-VlI 



Abrevi~ciones: F-Frando: A-hrciliaso; L-Limoso: a-arcnoso;mf-Muy fino, 

f-finol m-medio. 

DREllAJE Ni\TUR;\L 

0 Excesivo VII-VIII 

1 Moderaoamente excesivo III 

2 Buer.o I - II 

3 Moderadamcnte bueno III 

4 Imperfecto IV 

5 Pobre V - VI 

6 Muy pobre VII-VIII 

EROSION HIDRICt\ 

No identificada I 

hl Le .... e II 

h2 Modcrada III 

h3 Fuerte IV-VI 

h4 Severa VII 

EROSIOn EeL IC;, 

No identificada I 

el Leve II 

e2 Moderada IV 

e3 Fuertc IV 

Ti\ DL;', DS .".GU,\ F'L~~C'TU,".~l'rE 

Muy pro funn ... 1 £~O' I 

.... 1 Pro f 111HL\ 100 -150 I 

w2 H" d ~ r " ~ 1.'\ me 11 t C pro fund" 75- 100 II 



·w3 

w 

w5 

w 

i1 

i2 

i3 

i4 

51 

52 

53 

54 

s5 

£11 

a2 

033 

.14 

4 

6 

Poco profunda 

SupcrficLl1 

Muy superficial 

En 13 superficie 

INUNDACIONES 

No hay pe1igr05 

Leve 

Moderada 

Severa 

Fuerte 0 Extrema 

SALINIDAD 

Sin sales a 1ibrC5 

Leve 

l10derada 

Fuerte 

l1uy fue"r te 

Severa 

ALC;\LINIDAD 

Libres 0 nor~a1cs 

Leve 

110d c r ad (1 

Fuertc 

Severa 

50-75 

20-50 

5-20 

- 5 

. - 2 

2 -4 

4 -8 

8 -12 

12- 16 

- 16 

- 5 

5- 15 

15-35 

35-50 

-50 

CiR.\V.\S 0 GUIJ.\R!~nNE!; r.u r.,\ f.l'r';:r.flcrl~ 

;'\usent~s 

III 

IV 
\0 

V-Ill-VII 

VIII 

I 

II 

III 

IV 

V-VII-VIII 

I 

II 

III 

IV 

V-VI 

VII··VIl r 

I-II 

III 

IV 

V-VI 

VtI-VUI 



G1 

G2 

G.'3 

G4 

G5 

p1 

p2 

p3 

p4 

p5 

p6 

Pl 

P2 

P3 

P4 

P5 

PG 

Escasos 

H~deradamenta abundantcs 

Abundantas 

Muy abundantes 

Extremadame n te ilbund'';n te 5 

GRhVAS 0 GUIJ~RROS EN EL PERFIL 

Ausentes 

Escasos 

Moderadilrrente abundantes 

1\bundantes 

Muy abundantes 

Extrcmadamente abundanles 

PIEDR~S EN LA SUPERFICIE 

Sin piedras 

EscaSilS 0 leves 

Modcradas 0 pocas 

Fuerte 0 abundantes 

Muy fuerte 0 muy abundantes 

Severo 0 pedrcgoso 

Excesiva 0 muy pedregoso 

PIEDR~S EN EL PERFIL 

sin piedrcls 

Pcdregocidcld lev~ 

Pcdr0gocid~d modcrildcl 

Pcdrcgocid~d fucrta 

Pcdrcqocidclrl MUy Fucrtc 

r~dr~~oci~~d Exccsiv~ 

5-15 

15-40 

40-60 

60-80 

>-80 

<-5 
5-10 

10-15 

15-40 

40-60 

)-60 

<- 1 

1 - 3 

3 - 15 

15-40 

50-80 

>-80 

< 0.1 

0.1-1 

1-3 

3-15 

15-50 

50-00 

'>-00 

II 

II.! 
" 

IV 

V-VI-VII 

VIII 

I 

II 

III 

IV 

V-VI-VII 

VIII 

I 

II 

III 

IV 

V-VI 

VII 

VIII 

I 

II 

III 

IV 

V-VI 

V I I 

V I I I 



i\FLORM! I ErlTOS ROCOSOS 

Sin afloramiento I 

Rl Leva It 
R2 Moc!erada III 

R3 Fu~rtc IV 

R4 Muy F'ucrte VI- VII 

RS Excesivo VIII 

2.2 EV~LUAC!ON DE OTHOS PARAMENTROS AUXILIARES PAR~ EST~8LECER AN~LOGI; 

DE TIERRi,S. 

ESTRUCTURA 

Optima 

Buena 

Regular 

Deficiente 

Inapropiaca 

PERMEhB rLrD,;D 

Hoderada 

Moderada~ente lenta 

Moderadament"e dipida 

Lenta 

Rapida 

Huy rapida 

Muy lenta 

INF'I L'l.'R;:'C IO~1 

Alta 

B.lj.l 

Muy .,1 t.l 
Huy b" j.\ 

Cm/h 

2-- 6.25 

0.5- 2.00 

6.25-12.00 

0.12-050 

12.50-25.00 

>-25.00 

<-0.12 

Cm/h 

0.0- 2 

2 -6 . .1 

o. ,1-0.0 

~6.J 

<-0. <1 

I 

I-II 

III 

IV-V 

VI-VII 

I 

II 

II 

III-IV 

III-IV 

VI-VII 

VI-VII 

I-II 

II 1- n· 
III-IV 

VI-VII 

VI-VII 



11 U:·tEDA 0 "P ROt!F.CIIT, OLE 

Muy alta 

l\ltel 

Media 

Belja 

Huy Belja 

REI\CC IO~J (pH) 

Neutro 0 lig~ramente 

acido 

Mcdianamente a1calino 

Hcdianamente acido 

Moderadamcnte alcalino 

Fucrtemcntc ncido 

Fucrte~entc alcalino 

Muy Fuertemente acido 

Extrcmad~mente acido 

muy fuertemente alcalino 

;>- 20 

15 - 20 

10 - 15 

•• 5 - 10 

c(- 5 

6.1 - 7.3 

7.4 - 7.8 

5.6 - 6.0 

7.9 -8.4 

5.1 - 5.5 

8.5 - 9.0 

4.5 - 5.0 

~- 4.5 

~- 9.1 

Cl\P;\C;IDI\D DE INTERC~}!O 10 C;' T I 0 ~JI C 0 ( C Ie) 

Huy alta > Jl~o .> J2~5 
.'lta 40 - 60 15 - 25 

Hcdia 24 - 40 7.1 - 14 

Bi\ja 16 - 2-1 4.1 - 7 

Hny Oajel <- 16 <- 4 

PORCIENTO OE S.i'URI\CIO~ D:' 0 .. ;51::5 ( \ ) 

Huy alto >- 80 

r~1 to 50 - 00 

Hci.lio 3S - 50 

n.:ljo 20- 35 

f-Iuy Oi\jo <- 2.:> 

---
(l)' S uma d~ ·cntion,~~ ( 2 ) ~ lIl1I.\ l~ l~ h" ~Il.' lJ 

I 

.11 

III 

IV 

VI-VII 

I 

I-II 

I-II 

III 

III 

IV-VI 

IV-VI 

VI-VI I-VII! 

VI-VII-VIII 

I 

I-II 

I-!I-III 

III-IV 

VI-VII 

I 

t-tI-III 

I - I I - I I t - 1 \. 

V,,,) [ 

VII-VlIt 



2.3 "omcncl~tur~ Ed5fica 

Para poder utilizar la tabla de clasificacion de 

pDrametro~ para evaluar la capacidad de uso y esta­

blecer las subclases especlficas se deben de represen­

tar las variables y parametros p~r medio de una sim­

bologia carto~rafica preliminar que sa presanta en un 

quabrado, donde la profundidad, textura y drenaje se 

colocan en el numerador y la pendiente y otras limi­

taciones en el denominador. 

Ejemplo: 

,--__________ Profur.dida'~. ~fpctiva .. (100 - 150 ems) 

I 1 
1 2 2 

B 

Pendicntc 
(2-5\) 

2 

Telttura superficial (woderadamen--
te grucsa) 

Textura Subsuelo(igual) 

Drenaje (pueno) 

Limitacion de textura 

! 
II 01 - s 3~ Subclase de c~pacidad 

JiL'~"c10n :e pendiente 
Subclasc de capilcid.,d 

.--

P~r~ ,brcv~~r c~t~ C6r~ul~, l~ r"rrc~unt~ci~n fi­

n.11 en m.'p,,~ dc ,In.,loql.1!l nc pucd(.' ilt·,·~~nt.1r SOl.l"II!lltc 

1 a Dub C 1.1 ::J U ~!l III ~ c t fie " ., :1 ! : 

II III - u)·1 

http:ibrevi.ar


Nomenclatura Edafo-ecologica 

E1 objetivo principal de 1a motodolo~a es la compa­

racion de la relacion del sistema da Suelo-AmPiente para 
~ ~ 

establecer analog~as. Por 10 tanto se propene 1a rapre-

sentacion de las caracter!sticas ecologicas por medio de 

1a simbologia ecologica, seguida de la simbologia eda~ica. 

Ejemplos: 

1- Lc-Cx2/I1 el-534 contra LC-CX~I 534: Son anSlogos, so-

1amente que cambia un p~co el manejo por variaciones an 

1a pendienta. 

2- LC-Cx2/I1 s-34 conta Lc-Cx2JII s 25: Son an&logos en 

cuanto a condiciones ecologicas, paro no 10 son en cuan-­

to a caracterlsticas del suelo. 

3- Lc-Cx2/I1 5 25 contra Kf~Cx3/I1 5 25: Son dn&logos en 

cuanto a caracteristicas adSfic~s, pero no 10 son en 

cuanto a condiciones ccologicns. 

4- Kf-Cxl/II s 25 c,ntra Kf-~x)/!I s 25: Son nn51oqos en 

cuanto a car~ctcrl~tican ed~ficns y cr.nJicionas cco16-

gicas cn cunl~ui~r rug ion 0 pnlG que ~c cncucntrcn. 



TA8LA DE CLASIFICACION DE PARAMETROS pr~RA EVALUAR LA CAPACIOAD DE USC, DE LA TIERRA 

elcltl 

J 
Drcnoje I Nolural 

EROSION To bl:J 
de 

oguo 

Inundo-
MATERIALES CRU[SOS 

Sollnldad Akolinidod l Su PC' , ie, ~ P f r , II 
eiane, ~ 

IGtQYtJi 1?'r~'QS ·j'O~:l\ r,t!,cs 
H iClrico Eelieo 
(0.'.'0) (,derolo) 

I A 0-1 3 - 4 J --4-:'> z 

Z h 1 

Z' hl 

!--4 l--4-:'> -:--- --.--
:, : 4 z::'> 

0-1 

n. 
8 Z .1 

£1 __ ~1_ ._PL_ 

p1 

.1 wZ ---- ---- 11 .1 vl ------------
11 wZ 11 Gl P1 

.Z 
'---r-:-:-b--I 

~-_'._·~_'_~_~_~~_\~'r-__ '_1 __ -+ .1 !~~ ~_"_:'> __ I ________ ~ ______ ~ ___ ·_l ___ ~ ________ ~ _______ ~ ______ ~ ____ ~ __ ,.-hl hZ .& .1 .e 
a1 ~~ . !'~ 

,9 .0 

GZ PZ A - 8 ,0- 1- Z ;>-3-1-:) 2 Z liZ .2 iZ 
-,- - - 3 - -- 1-- -- - -- -- - -- -. --

: -4 
:'> 

c 1 : J hZ 
I 

w3 12 .2 

_1 11 .Z ~I~ .2 hl 

A -,,-C 0-1-2-: I Z')-4'~ Z-3-"-:) Z - J h3 .3 wZ 13 --------rr I 
-4 w4 - Il 

.l .'1 hZ hl 

i4 

f----- ""--. ' -- ----- ... ------+----
_I.. _. ')"'2,-3 ~ ~-~:~:.? Z.:J~.:"-_:)_ Z 

'I. .f,. - La' ! I ~ 
i4 

w:'> 

.2 -

.Z 

.4 

.l 

.:1 

.l 

.• l 

01 

a2 
f--

aZ 

.6 

al 

aZ 

vZ 

.1 

g4 

-
pZ GZ PZ 

.e 19 

Gl .. p~ -
Gl Pl 

18 .~ .0 

p4 

----I----I----- ... ----t---+---,- --

0"01 
LI"'oIi2-
clo"r, 

~~~~ I~= _ ~ l~~ .=-~6~ --- __ . __ ~liEl--------1 h3 ___ h_4 ____ f ___ ·_4 __ --t __ ._:) __ --t~_._6 __ ~_T -G' 

" 

I'!) z-~-.;-:. 2-3-4-:) Z h3 .. Pl 

L~ •. J ~? ;.r~j~ l 0, -;~ I ~-T-~" ~ C[ -~,--_____ -_:_:_~ __ -_'-__ -_14_-....;,..--_._-__ ~-:---It-r----a-l----iI----- ~: -:-~-II----i 
1:::____ -,.~r:: ~!J~ _',:) [S"_ -=J~ _ ~ hl .8 -'-f-I !.gO ~I:): 2-~-'l_~IZ-!-4-5 2 _~"'-_,______ ____ .9~.=-P-"~ _c~, p~ 
~Sd ~ 0 0 __ =- ____ -___ 

["'" ~_'-I"]~~ ., i-:<·:r.~ JX .=-;:-. - :: :~=======~fl-_____ i--------f__:·:_!l- _.O __ ,~ IP 
!. • 0 ~ l-!-4-5 :2-,~-4-:) I. 2 h4 _.:. _ . _:. _ ~~ _-: ~ ~6:: ,:C~ P5 

1_;~~:1~ '~G 1~0:~6~~~W-~~~~~~.-~~~ 
- ~·c':',·\ I OI--r:;-t 'l .'Z I ~ .4 i h1 .l 112 .7 .e .9 10 

--- - - - -- -- - -
- - - - -- - -

14 .. ~ 04 

hl .7 .8 

- - -- - - -. -
14 .~ a4 

III '~' .6 




