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CENTRC AGRONOMICO TROPICAL
DE INVESTIGACION Y ENSENANZA

(_ Turrialba - Costa Rica - Teléfonos: 56.64-31 - 56-01-69 - Telex: 8005 CATIE C. R.- Cable: CATIE Turrialba )

Sept. 10, 1987

Dr. John Malcolm

Office of the Science Advisor
AID

Vashington, D.C., 20523

Dear John:

After falking with you at the ASA meetings in
New Urleans, it became clear to me that you were not receiving the
interim progress reports of AID-SCI Prouject 936-5442 , Development
of Appropriate Technologies for Overcoming Different Mechanisms
of Phosphorus Retention in Central American Soils, although 1 was
depositing five copies in the ROCAP office in Sar Jcse.
Apparently, nowhere in the project paper does it provide that
ROCA?P forward a copy of the Interim Progress Reports to
Washington. I therefore tried to send you copies of the first two
interim progress reports in January, 1987 with Dr. Jnmes Walker
who was here for our Board o: Directore meeting; but they do not
seem to have reached you. When I spoke to your secretary in
June, there was no record of such reports. In any case, 1 am now
sending you a copy of the third report and make inquiry about a
matter which has more urgency now than it had in January.

As you can see, research progress has proceded very
much as nlann2d and we have had word from the SCS laboratory that
they have completed the analyses on the soils we sent them. We
were quite successful in determing external P requirements for one
of the Costa Rican bean varieties on the CATIE station althcugh
the soil would only be considered of moderate P-retention
capacity.

Our problem , as mentioned in the reports, relates to
the increuase in cost of the graduate program act CATIE since the
project was started. The cost of maintaining 3 student here has
increased from $12,000 to $22,000. Unfortunately, we only budgeted
$24,000 for the two M.S.theses because that was the official cost
of maintaining two students here ot the time the proposal was

submitted. Fortunately, the first student to complete his M.S.
under the project had already completed a year of coursé work so
he was able to finish his M.S. thesis at a cost of only some
$12,000. So we had $12,00C for the second student bhut now we need
$10,000 more for him to finish. Another problem involved the late

arrival of the ©projert vehicle which necessitated delaying the
field work fom Oct, 1986-April, 1987 to Oct, 1987- April, 1988 as

beans are only planted in this period in the project area.
Unfortunately, the salary for the {ield assistant was only
budgeted until the end of 1987 since the field work should have

A
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oeen finished by then. Now, it won't be finished until April,
1988; so we would need another $3000 to pay the field assistant
for another five months. The additional $13,000 we are thus

requesting would not put the total project cost over the $150,000
limit since the present cost jis now only $134,000.

Thank you very much for your attention to this matter.
As you can see from the progress reports, the results obtained to
date would seem to justify the additional expenditure. We also
prepared a new preproposal on the use of organic Phosphorus
sources in gsoils of volcanic origin for which AID-SCI has invited
us to write the full proposal, which should be submitted shortly.
We should be able to use some of the soils characterized in the
present project in the new project.

Thank you again for your attention and cooperation.

Very truly yours.

-~

™
]
.

L \

Donald L. Kass

Principal Investigator
Professor of Scil Physics
and Management

Higher Educatien Project
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Interim Progress Report no. 1
Aug 1, 1985 - May 1, 1986

Project AID-SCI 936-5442

Development of Appropriate Technologies for
Overcoming Different Mechanisms of Phosphorus

Retention in Central American Soils
A. Research Progress'

A total of 15 sites have been sampled to date.
Further progress in this area should be obtained within the
month of May as CATIE put a venicle at the disposal of the
University of Costa Rica for this purpose on April 15. Following
suggestions of Dr. Hari Eswaran of SMSS, efforts are being made
to utilize sites for which SMSS has made mineralogical
Characterizations in connection with other AID projects. There
are a total of 22 such sites in Costa Rica and Pananma but
not all of them present the P retention characteristics or
the climatic conditions for bean pProduction required by the

project.

A total of 25 P retention isotherms have been run on soils
from 10 of the sites in the CATIE laboratory. Some of these iso-
therms are i1ncluded 1n figure 1. The results i1n general comparc
well with the differences predicted by Fox and Searloe (1978) .

In the figure, it can be seen that the soil from
La Lola, despite 1ts formation on volcanic material, has low
P retention characteristics. The mineralogical charcterization
of this soil, however, shows high proportion of 2:1 ype clays,
which explain its P retention characteristics as evidenced in
the 1sotherm. The curves obtainod for the CR-14 and Trinchera
solls are characteristic 0 soils with high levels of exchangeal]n
aluminum. DTA 2nalysis of the CR-14 so1l, carried out at th¢ s¢¢
laboratory in Lincoln, Nebraska, showed the clay fraction tc N
36% Kaolinite and 30% Gibbsite. Similarly, the curves for the«
:Cerro de la Muertc soils are representative of Dystrandepts but
the soils also have spodic characteristics. The ganaderia s 1)

is supposed to show characteristics of a sojl
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with P retention dominated by amorphous materials. Minefalogical
analysis showed the clay fraction to be predominately ilalloysitic
with low levels of ¢xchangeable Al ( less than 1 meg/100 g soil)
However, the 1sotherm resembles more that ot a soil where crysalline
aluminum and iron oxides dominate the clay fraction. The organic
carbon of the surface layer 1s high ( 3.84%) but the Halloysite
may well demonstrate P retention characteristics intermediate
between allophnac and Kaolinite. iMore determinations on soils
with similar mincralogical characteristics will be necessary
to determine whether this pattern 1s to be expected in solis
where halloysite precaominates.
Soils sclected for the greenhousce experiments are
(1) fine Kaolinit:c, 1sohyperthermic, tvopic Hapludult (bucnos
alres, Costa Rica); (2) coarsce, loamy, mixed 1sohvperthermic
Andentic  Dystropept (Caraari, Costa Ricaj and (3} a fine
1sohypertherm:c, halloysitic Typac Humitropept (Turrialba,
Costa Rica). These represent sorls which retarrn phosphorus
bocause of exchangeable alum.num (1) ., amorvhous materials
(2) and, ., mechanisms (), Mineralogical characterizat rons
of these soils was done D SMSS 1n conncction with vroevious
ROCAP projects,
The groecenhousc cexperiments shouid begrn i Nay, 1986,
These will sorve aw thests rescarch for I'na | wWilbert Campaos
Alvorado, o Costa Pican student 1nothe CATIE=-ICR MSe. nrogram
whe began receiving o scholarshiy from the proje -t on arch
31, 19HG.
Laboratory cauinment was ordered o Noewvener 190,
but has not yet arrived. Existing cquipment 1s bcang utylize
but better results couldd probably be obtainced with new U e
The UCR 5000 taxonomist has described tern profiles
with characteristics sustabie for the project, Lahboratory anaivsos
on these soils are in progress. Acturther f1vc sorls have o
selected from thene described b SMSS s sultanble Yor e oo

puUrposes. The remaining D1fteen Ssorls should be seleetod b
i !

described by the ond of Ju Ty,

[P



Changes in research plans:
Although.there have been some delays due to
late arrival of funds and the necessity of making a cooperative
agreement with the University of Costa Rica for execution of
the preoject, Project activities are not proceeding much behing
schedule. Collection of samples and profile descriptions should
be finished at the end of July, about ¢ months late but not
too late to affect pPlanting of field experiments which should
Occur in September. Soils for the greenhouse experiments are
already selected and CxXperiments should begin 1n May. There
have been some delavs 1n the ordering of €qulpment and reagernts
but the orcers are presently being processed by CATIE's
purchasing department . Germplasm has been obtained from CIAT
and MAG (Costa Rica) . All personnel for the project have
been hired byCATIE and UCR.

A possible source of difficulty 1s the lncrease 1n
the cost of Supvorting a graduate student at CATIE. The project
originally cnvisaged surpoerting two M.S, students, wh:ich at
the time the project was written , weuld cost 56000 mer student
per year. Unfortunatcely, CATIE presently estimates the cost of
a graduatce student at $10,500 per year. Fortunately, the project
selected o graduate student who had alrcady completed one vear
of study. His cost for terminating his M.Sc. thesis has been
calculated at $9000. This would leave us with 215,000 to
Support the other student who should be selecred from the
group duc to enter an Sceptember, 1986, wWe wouid thercefore

meet an additienal $6000 for support of graduatce students,

but only 1p 198e. It was thought that somoe Toney could be
transferred 1 f o more inexpensive vehicle » - Grehased for
the project but 1t scems Impossible to finr 4 ¢ . iclc

of the required specifications for less thar, v 512,000
budgeted. Suggestions on wWays to resolve this probiom
would be appreciated, It 15 not that urgent bLecause the

[

shortage corresponds to the support of the student only 1

1988 but 1t should e considoered 1n duc COUr S,

(e
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We have not yet sent any samples to the U.S. for mineralogj-
cal analyses, Inquiries were made to the SCs laboratory in
Lincoln Nebrasks and to SMSS concerning cost of such determina-
tions. Dr. Hari Eswaran of SMSs Suggested that we utilize
some of the 55 Central American sites for which SMSS hag already
done mineralogical analyses, Unfortunately, twenty of those
sites are in Costa Rica but only two in Panama. Many of the
sites in Costa Rica , however, are, for climatic reasons, not A
Suitable for bean culture. 71t should, however, be pPossible
to utilize 10 or 1% of the sites already Characterized. This
would leave 20 mineralogical characterizations to be made in
U.s. labeoratories for which the funds budgeted for :he 6011l
classification consultant should be adeguate,

Dr. Eswaran also suggested that Project activities
be integrated with IBSNAT. Durimg March of 1986, CATIE was

Visited by DR. r, Beinroth of IBSNAT. 1n discussions about
what IBSNAT wae looking for, it appodared that the type of

experiments envisaged in the Project indeed could be of

much usc to IBSNAT - more data were taken on factors such

as biomass production over time, climatic characterization

of the conditions during the éXperiments, and so:rl moisture
over the coursec of the experiment., Unfortunaltely, taxing such
data would increcase the costs of these cxperiments far

beyond the budget of thas project. 1t woulc¢ scem unlikely

that IBSNAT would be able to provide these funds by September
when the ficld experaments  should begin. Unfortunately, they

would thus be losing a great opportunity to obtain data for

their data scts.

During a visit to IFDC, the CATIE head of soil laboratory,
Roberto Diaz Romeu spokc with specialists of that institutio,,.
In reviewing the project, they mentioned the possibility that
aluminum fixed in the organic matter might also retair phesphorus,
There 1s evidence that mechanism indeed functions in Costa Riran
Soi1ls . Scparation of this aluminum 1s not a difficult procedurc
but reqguires LaClj, which 1s relatively expensive. This recaqgent
was not i1ncluded 1n those originally requested for the nrotect,

Purchase of this rcagent for these analyses might regquire another

$200¢0.
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Key dates or benchmarks

Aug. 1, 1985 Project agreement signed

Sept.6, 1985 Work plan submitted for first year of project
Sept. 30, 1985 Funds deposited

Oct. 9, 1985 Soil mineralogy consultant begins work

on P retention isotherms

Bov. 1. 1985 Equipment and reagents ordered
Dec. 17, 1985 Agreement between CATIE and UCR signed
Jan. 31, 1986 UCR receives funds from CATIE. Field

assistant hired, University soil
classification specialist began
sampling.

March 31, 138¢ Laboratory assistant transferred from
IFAD project to P retention project.
Wilbert Campos Alvorado, a MSc. student
in the CATIE-UCR project received
scholarship from project

April 15, 1986 Thesis proposal of Ing. Campos sub-
mitted. He began collecting soils
for greenhouse experiments,

April 16, 1986 CATIE supplied vehicle to UCR for
collection of soil samples.

May 1, 1986 Study of P absorpticn capacity of bean
seeds begun

May 15, 1986 UCR should complete trips for description

and classification of soils. Greenhouse
experiments should begin

July 1, 1986 Soil samples should be sent to U.S5. for
mineralogical characterization.

Sept.l, 1986 Second MSc. student should be chosen

Sept. 15, 1986 Field experimentation should begin.
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Interim Progress Report # 2
May 1,1986- Nov. 1, 1986
Project AID-SCI 936-5442

Development of Appropriate Technologies for Overcoming
Different Mechanisms of Phosphorus Retention

in Central American Soils

I. Research progress

Considerable progress was made in all areas during this
period.All thirty soils specified in the project have been
identified and described. P retention Isotherms have been run on
three horizons on all of the soils. Available mineralogical
information on some sixty Central American soils has been compiled
and indexed. On this basis, fifteen of the thirty soils have been
selected for mineralogical analyses since such information is
lacking for the areas that these soils represent. One of the
Students receiving a sctiolarship under the project has completed
Wis research activities. Finally, a second scholarship student

has been selected and has begun his M.S. program at CATIE,.

A. Soils Descriptions

Thirty sites in Costa Rica and Panama which were considered
to fulfill the characteristics suggested by the project have been
identified, described, and relevant analyses run. Twenty of the

soils would appear to fix phosphorus primarily due to the presence

~of amorphous materials lesulting from the weathering of volcanic

materials. Only one of the 50ils would appear to fix phosphorus
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primarily due to the presence of exchangeable aluminum whose
origin may or mav not be from volcanic materials.It may therefore
be necessary to locate more sites where P retention isg primarily
due to precipitation reactions. Such sites are probably not as
common in Panama and Costa Rica as was originally supposed. Such
soils were expected to occur in several sites in the Atlantic zone
of Costa Rica and the General River valley as well as in Panama.
However, low levels of exchangeable aluminum were found in sites
sampled in Upala(Profiles 10 and 11) and in San Carlos (Profiles
28 and 29). sites in the General valley ( Profile 19) and Rio Frio
(Profiles 35 and 36) provec to have higher levels of amorphous

aluminum (pH values in NaF above 10.0) than expected.

Finally, there are nine soils in which both the presence of
amorphous materials and exchangeable aluminum might be
contributing to P retention properties. There are an additional
five soils, in which the analyses do not indicate the likelihood

of a significant degree of P retention.

Of these soils, fifteen have been selected
for which no mineralogical information exists. Arrangements have
been made by one of the principal investigators to have these
characterizations run at the USDA-SCS Soils Characterization

Laboratory in Lincoln, Nebraska. This includes the separation of

clays, a time-consuming procedure due to the necessity of
Separating organic matter, which is quite high in the soils of
volcanic origin. The agronomist hired under the project is
presently engaged in this activity, which should be finished

within two months. It is hoped to send the first of the samples to
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Lincoln at the end of November.
B. P adsorption isotherms.

P adsorption isotherms have been run on three horizons of
each of the thirty scils identified and described above. Although
all of the laboratory equipment ordered under the project has not
yet arrived, one of the principal investigators was able to secure
an advance of $1300 from CATIE and was able to purchase some of

the most essential items while on vacation in U.S. in July. 4s a

result, it was possible to terminate the isotherms in somewhat
less time than anticipated even though the assistant agronomist
doing this work attended the course in management of tropical
soils given by AID in Yurimaguas, Peru, in August. Some of the
isotherms are presented with the soils descriptions(fig.1) .The
Fraijanes and Barbacoas soils show P sorption isotherms rather
characteristic of Hydrandepts and Dystrandepts respectively. The
Soledad and Sanitorio soils show rather less P retention than
their classification as Hydrandept and Dystrandept respectively
would indicate. The Na F values are below 10.0 for all horizons
of both soils. While heavy application of P fertilizer might
affect the P sorption isotherm of the Sanatorio soil, such
applications are supposed to bring about a horizontal shift of
the isotherm (Fox and Searle,1978). Such a shift would still give

rather low retention values for the Sanatorio soil, Considerable

P adsorption was found for cartain soils, especially those in
Puriscal, where it was not previously considered to be a ma jor
Iimitation to crap production. Also, very high fixation levels
were found for che Caizan region of Panama, the most important

bean producing area of that country, where the M.S. student
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recently admitted to the program with a scholarship from the

project, will most probably do his thesis research.

C. Screening for low phosphorus tolerance, seed and foliar uptake

of phosphorus(M.S Thesis research of Ing. Wilbert Campos)

Ing. Campos has completed several studies related to
developing practical alternatives for soils with high P retention
characteristics. As was pointed out in the previous report, three
soils characterized by the USDA-SCS laboratory in work with
previous ROCAP projects were selected for the greenhouse work.,
Ing. Campos proceeded to run P adsorption isotherms on these soils
and determine deficiencies of other elements which would have to
be supplied for the greenhouse work. He then tested several
concentrations, formulations, and times of imbibition of
phosphorus containing solutions for the bean variety ICA-Pijac.

Results of this wor' are presented in Table 1. It can be seen that

soaking for 3 hours in a solution of KHZPO4 containing 8000 ppm

of P led to increase of 0.35 g/g P in the bean seed without

signiffcantly reducing bean germination or emergence. While this
is practically double the original P content of the bean seed, the
actual amount of P supplied would probably not be significant on a
per hectare basis as 100 kg of bean seed would only contain 530 g
of P which could be increased to 880g by the soaking. However, it
may be possible that having this amount of extra phosphorus
already in the bhean seed will greatly stimulate growth. It should
be remembered that a 1000 kg ha -1 bean crop may contain only 3

ke of phosphorus. Field testing of this practice will be started



in November.

Following this work, Ing. Campos proceeded to set up the
greenhouse experiment, using three soils for which mineralogical
analyses, run by the SCS laboratory, indicated that different
mechanisms of P retention should be operating. The experiment was
a complete factorial with three soils X 4 bean varieties X 2 lime
levels X 4 methods of P application ( none, seed
imbibition, foliar,seed imbibition and foliar) with four
repetitions. Very good response to liming was observed in the
Montana (Turrialba) soil which had the highest level of
exchangeable aluminum although aluminum saturation was higher in
the Buenos dires soil, which is probably an Ultic Haplorthox.P
adsorption isotherms for the three soils with and without liming
are given in Figures 2 and 3. It can be seen that differences in
the isotherms are slight, despite a considerable difference in
classification and presumably in the mechanisms of P retention,

Liming the soils ( Fig.3) produced very small changes in the P

sorption isotherms, although the changes are in the direction
indicated in the literature (Haynes, 1984). Phosphorus retention
by the Cariari soil where amorphous material predominates was
increased by liming while the Montana and Buenos Aires soils with
more crystalline material showed a slight reduction in

in P retention.

Although the level of Olsen available P was lower in the Cariari
soil (an Andeptic Dystropept) than in the Turrialba soil ( a Typic
Humitropept), there were no signs of P deficiency in any of the

bean plants in the Cariari soil which supposedly has the highest P
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retention characteristics of the three soils. No response to any
of the methods of P application was noted but there seemed to be
some varietal difference in the degrees of P deficiency observed
in the Turrialba and Buenos Aires soils. The pots were harvested
in early November and the plant and soils being analyzed for
Phosphorus and Calcium content. The results should be available
for the next interim report as Ing. Campos should finish his
thesis by March, 1987. 4 field experiment with similar treatments
will be planted on the Montana soil in Turrialba in late November

or early December. Field experiments on the other soils will not

be possible because the vehicle ordered by the project has not yet

arrived,

IT. Changes in research plans

As noted above, the major change in research plans is the
postponement of the field experiments stage for one year, mostly

due to the failure of the project vehicle to arrive. CATIE no

longer has available extra vehicles to loan to the project as was
done in May-June, 1986, for the soil sampling phase. Since the
Project is not supposed to terminate until November, 1988, there
would still be time to analyze the results of field experiments
carried out in the period of September, 1987- March, 1988 before
the termination of the project. By September, 1987, the results
of the mineralogical characterizations should be available as well
as a complete analysis of the greenhouse experiments. For these
reasons, the postponement of the field experimentation until

September, 1987, will have certain advantages.
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Results obtained so far in the research would seem to
indicate that little relationship can be established between the
U.S. soil taxoromy and P retention capacities of various central
American soils. reviewers of the original project proposal
maintained that such a relationship could be established. However,
the U.S. taxonomy, as least as it has been applied by USDA
perscnnel in Centrz  ~erica does not always gives a Very accurate
picture of either soil mineralogy or soil P retention. Thus, the
classification of the soil from Quezada, Jutiapa, Guatemala, as a
fine, mixed, isohyperthermic Vertic Haplustoll by SCS personnel(
Table 2) reflects neither its predominantly halloysitic mineralogy
nor its fairly high P retention capacity. The soils from Veraguas,
Panama , and Matagalpa , Nicaragua only differ in the taxonomy
with regard to textural class ( Table 2, Borh soils apparently
contain considerable amorphous material as indicated in the X-ray
analysis, but uot surprisingly by their PH in NaF. 1In other
cases, the mineralogical characterization fails to identify
sources of P retention which must be present. X- ray analysis of
the Juray series on the CATIE station revealed on:ly rather low
levels of Halloysite and Gibbsite but nor amorphous material. Yet,
P retention by the New Zealand test was 747 and pH in NaF met the
requirement for andisols. Apparently, the taxonomy is not yet
sufficiently evolved for the purposes of this project. Amorphous
iron and aluminum coat.ings on the clays, not revealed by the X-ray

analysis, may be making a major contribution to P retention.

N7
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Despite these findings. there is no reason to abandon the
plan of activities originally scheduled for the project. It was
not the original intention of the principal investigators to base
a system for indexing soils with respect to their P retention
capacities on the U.S., soil taxonomy-- in fact, the original
project proposal said this would be unlikely. It is hoped, in the

course of the project, to be able to test other means of

characterizing soils such as Al extracted by LaCl3 yammonium
cxalate, or XOH which could be correlated with P retention

properties(Ximble, 1984; Parfitt,1980).

During June, 1986, the project was visited by an Ms.
Ferguson, of Colcrado State University, who informed the principal
investigator that she was sent by AID to review the project. As
her report shows, she had little knowledge of soil science and
could not adequately evaluate project activities. A copy of her
report is included.

Both of the Principal investigators attended the ISSS meetings
in Hamburg, Germany, in August, 1986, not paid by project funds.
They were able to consult with several authorities in the field of
P retention and volcanic soils. No one was able to offer much

information on the P retention properties of Halloysite, however.

¥



Benchmark Dates

November, 1986

December, 1986

January, 1987

March, 1987

April, 1987

May, 1987

June, 1987

Sept.,1987

Literature cited

Soils sent to Lincoln, Nebraska, for
for mineralogical characterization.

Isotherms completed

Field experiment in Turrialba, planted.
Presentation of first project results at
ASA meetings in New Orleans, La.
Separation of clays completed

Second group of soils sent to Lincoln.

Wilbert Campos finishes M.S. thesis

Further chemical analyses completed
( Al in oxalate; Al in KOH)

Harvest of field experiment in Turrialba
Project vehicle arrives
Further site identification

First results of mineralogical analyses
from SCS

Ing. Samudio submits thesis proposal

Field experimentation in Panama and
Costa Rica begin

Fox, R.L. and P.G.E. Searle.1978. Phosphate adsorption by soils

of the tropics.In Diversity of Soils
of the tropics. ASA Spec. Pub.34 ; 9g8-119
Madison.

Haynes, R.J. 1984. Lime and phosphate in the soil plant system.

Kimble, J.M., C.

Advances in Agronomy 37: 249-317

Holzhey, and C.g.S. Holmgren. 1984. An evalua-

tion of Potassium Hydroxide Extractable
Aluminum in Andepts. Soil Sci Soc. Amer.

J. 48: 1366-1369

Parfitt,R.L. 1980. Chemical properties of variable charge soils.

p.167-193 Theng,ed. Soils with

Variable Charge. New Zealand Soc. Soil Sci.
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TABLE 1. EMERGENCE, GERMINATION , AND P CONTENT
OF SEEDS OF PHASEOLUS VULGARIS,L., VAR,
ICA-P1JAO, FOLLOWING DIFFERENT
PRESCAKING TREATMENTS FOR THREE HOURS

PRESOAKING TREATMENT EMERGENCE GERMINATION P CONTENT
(SEEDS/100) (SEEDS/100)  (MG/G)
UNTREATED 80 A 93 A 53E
DISTILLED WATER 73 AE 90 aB 4.8 E
K2HPOy _2000ppmM P 57 ABC 67 BC 5.4 €
~4000pPM P 53 BC 57 ¢ 6.9 ¢
-0000pPpPM P 57 ABC 63 ¢ 7.9 B
-8000ppPM P 60 ABC 70 ABC 8.8 A
-10000pPPM P 23 DE 27 DE Q.2 A
NHy (HyPO,,)
-2000ppPM P 40 cp 47 co 6.1 D
~-4000PpPM P 17 DE 27 DE 7.0 c
-6000pPPM P 7 E 13 E 7.9 B

VALUES FOLLOWED BY THE SAME LETTER DO NOT DIFFER BY DUNCAN'S
MULTIPLE RANGE TEST AT P 0,05



TABLE 2.

LoCATION

LOCATION, MINERALOGY, CLASSIFICATION, AND P RETENTION OF CENTRAL AMERICAN 7
SOILS CLASSIFIED FOR THE ROCAP- SMALL FARMER CROPPING AND FARMING SYSTEMS PRCJECTS

JURAY SERIES;
TURRIALBA,CR

. NEW ZEALAND ,
CLASSIFICATION HORIZON SAMPLED  MINERALOGY P-RETENTION PH-NAF AL, SAT
FINE, MIXED, ISOHYPERTHERMIC BA. 23-48cM, KH-2; GI-1 /4 9.9 0
Typic DysTRoPEPT

INSTITUTO SERIES

FINE, HALLOYSITIC,ISOHYPER- BW, :33-58 M KH-3; G-3

TURRIALBA, CR THERMIC TYPIC HUMITROPEPT s 3.9 10
CARIARI, COARSE-LOANY, MIXED, ISOHY- Bwl:22—u5 cM  KH-1; GI-1 98 10.5 N.D.
COSTA Rica PERTHERMIC AQuic DYSTRANDEPT

BUENOS AIRES, . FINE, KAOLINITIC, ISOHYPER- B; £1-92 CM  KK-3; GI-2; GE-1 9.2 100
CosTA Rica THERMIC TROPEPTIC HAPLORTHOX

COMAYAGUA, VERY-FINE, MONTMORILLONITIC, Al: 15-45 cM MT-4 20 8.3
HONDURAS ISOHYPERTHERMIC CUMULIC HAPLUSTOLL

LA ESPERANZA, CLAYEY, HALLOYSITIC, ISOTHER- BT1:17-40 cM KH-3; GI-1 52 9.5 26
HONDURAS MIC HuMmIc UsTox

QUEZADA, JUTIAPA FINE, MIXED, ISOHYPERTHERMIC A.: 0-30 cM KH-4; NT-1 56

GUATEMALA VERTIC HAPLUSTOLL F

CAUQUE SERIES, MEDIAL, ISOTHERMIC Bwl: 60-100cMm KH-2; FD-1 /70 9.3
SANTIAGC SAC, TYPIC EUTRANDEPT ,

GUATEMALA

VERAGUAS, VERY FINE, MIXED, ISOHYPER- BTy: 42-78 KH-3; NX-6 9.4 24
PANAMA TypPic TROPUDALF

ATAGALPA, FINE, MIXED, ISOHYPERTHERMIC A/B: 15-49 KH-2; NX-6 9.2 18
NICARAGUA TyPic TROPUDALF

ﬁUEVﬁECONCEPCION FINE-LOAMY, MIXED, ISOHYPER- By : 20-50 KH-3; MI-2; CR-1 22 0
A INA

EL SALVADOR

THERMIC UDIC HAPLUSTALF

KH- HALLOYSITE; M= FMONTMORTLLONITE KK-KAOLINTTE; GI_GIBBSITE
GE- GOETHITE; CR- CRISTOBALITE; MI-MICA



I. INFORMACION GENERAL ACERCA DE LA MUESTRA:
Nimero del perfil: 13,
Nombre del suelo: Ei jagua.
* Clasificacién: Typic Dystrandept.
Fecha de observacidn: 29-4-1986.
Ubicacién: Eijagua de Upala, frente al salén el cinco.
Altitud: 450 msnm.
Forma del terreno: Ondul ado.
Fendiente: 6-12 %
Uso de 1a Tierra: Maiz, pastos, charral.
II. INFORMACION GENERAL ACERCA DEL SUELQO:
Material matriz: Cenizas volcanicas.
Drenaje: Eien drenado.
Nivel freatico: Ausente.
Fedregosidad y/0 rocosidad: No hay.
Erosién: Ligera.

III. DESCRIFCION DEL FERFIL:

Ahl  O=20 cm Fardo oscuro (10 VYR 4/4) en seco; franco
Aarenoso; estructura granular, fina y moderadas
friable, no adhesivo ni plastico, blando:
abundantes poros vy raices de todos l os
tamafos: limite claro Y plano: pH &,0.

AhZ  20-T4 Farda (10. YR 5/74) en  seco; franco  arcillao
arennso; estructura em  forma de bloques

subangul ares y granul ar  ; friable, ne



AE

Bwl

I6-50

SO-100

adhesivo, ni plastico, bl andc; abundantes
poros; abundantes raices muy finas vy finas;
limite claro Yy plano; pH 6,2.

Rojo amarillento (7,5 YR &/6) en seco;
arcilloso; piedra de menos de 5 cm de diametro
en menos del 5% del volumen; estructura en
bloques subangulares que rompe en granulos;
friable |, ligeramente adhesivo‘y plastico;
abundantes pPoOiIr0s; frecuentes raices muy
finas, finas vy medianas; limite claro v
plano; pH 6,7.

Rojo amarillento (7y3 YR 6/&) en Seco; franco

arcilloso: Presencia de piedras Y grava en

menos del 10 % del valumen estructura en
forma de bloques subangul ares, finas Y
moder ados; ligeramente adhesiva y plastico;
frecuentes poros sy POCas raices medianag;

limite claro Yy plano; pH 6, 4.

Al



BUDGET FOR SECOND YEAR OF PROJECT AID-SCI

936-5442

Supplement for university soil chemist $ 2000
Supplement for university soil classifier 2000
B.S. Agronomist 6000
Laboratory assistant 4000
Labor for field experimehhs 5000
Books/photocopies 1000
Fertilizers 500
Trips for field experiments 1500
Scholarships 12000
Fuel 2000
Overhead 10000
Analysis in CATIE laboratory 2000
51000
Unspent from first year
Consultant in soil classification 6000
Shipment of soil samples 500
Analysis in CATIE laboratory 1500
8000
Total available for second year $59000



I.

II.

INFORMACION GENERAL ACERCA DE LA MUESTRA:

Nimero del perfil: 6

Nombre del suelo: Sanatorio Duran.

Clasificaciodn: Typic Hydrandept.

Fecha de observaciodn: 11-3~1984

Ubicacién: Entrada de la Estacidn Experimental

Altitud:

Carlos Duran.

2230 msnm.

Faorma del terreno: Escarpado.

Fendiente: 20-40 %.

Usc de la Tierra: Fastos Yy papa.

INFORMACION GENERAL ACERCA DEL SUCLO:

Material matriz: Formas de origen volcanico (andesitas).

Drenaje:

RBien drenado.

Nivel freatico: Ausente.

Fedregosidad y/o rocosidad: No hay.

Erosién:

Ligera.

IIT. DESCRIPCION DEL PEFRFIL:

0

Ah1

AhRZ

~10-0 cm

O=-220)

20-45

Cama de raices en descomposicién.
Fardo grisaceo oscuro (10 YR 4/2) en himedo;
textrura Franco—arenosa; estructura granul ar,
fina v muy fina, debil; friable, no adhesivi
Nni plastico: abundantes poros; abundantes
raices: limite gradual y plano; pH o,9.

fFfardo aqrisaceo (2.5 v S5/72) en himedo; franco



Bw

45-100

arenoso; bloques subangulares vy granular,

finos vy medianos, moderados; friable, no
adhesivo ni plastico; abundantes poros Y
raices; limite gradual y plano; pH S.8.

Fardo: (10 YR S/3) en himedo; franco arenoso;

estructura en blogues subangulares vy granul ar,

finos vy medianos, moder ados; friable, no
adhesivo ni pPlastico; abundantes poros %
raices finas y muy finas; limite gradual Y

(=

plano; pH 5,9,



UNIVERSIDAD DE COSTA RICA
LABORATORIO DE SUELQOS

FERFIL 6. SANATORIO DURAN (CARTAGO)

HORIZONTE Aht AhZ Bw

Profundidad cm Q=20 20-45 45-100

T THRoTTTTTTTTTTTT TS T s.8 5,9

pH EC1 4,7 4,5 4,9
NaF v,5 9,9 %,6

e =

Ca by 0 6,4 8,4

M 2,0 2,7 2451

E 1,07 0,82 0,22

CIC 21,4 23,6 24,5

SAT. BASES (%) % 42,2 40,4 47,4

Cmol (%) 7kgex T

Ca o,4 5.8 7.7

Mg 1.7 1,= 1,2

b 0,87 0,467 0,18

Acldex 0,5 0.6 0,2

CICE 8,1 2,4 9.C

SAT. BASES (%) #+ ?%,8 ec,9 7.9

SAT.ACIDEZ (%) 6,2 FA| 2.1

e 22

F SO 5SS 21

Cu 12 14 @

Zn 9 1= 8

Mn 9 ] i

Fe 328 226 227

55?7"656“?77“"“""““"":‘3?55 """"" 4,02 7 4,62

CTARENAT T TTTTTTTTmmmm s - S VO sq

2 LIMO 24 26 27
ARCILLA 14 18 19

NOMERE

TEXTURAL Fa Fa Fa

Fa= Franco-arenoso

* Extraccidénm con Acetato de AmOnL o pH=7.,

% Entraccidén con la solucidn Olsen modificada para K,F
y elementos menorex: y FCl IN para Ca. Mg v acidez.



UNIVERSIDAD DE COSTA RICA
LAEORATORIO DE SUELODS

FERFIL 2?. FOCO SOC (SAN CARLOS)

Cmol
Ca
M
b
CIC
SAT. BASES (%) *

(+) /hg*

Cmol
Ca

(+) /hq##*

..._—___..__._.—._.._._.___—...._.—,.__..._.____.—_..___...._.._._..___.._._._.__..___._._.-—..._..__..«.

SAT. BASES (%) **
SAT.ACIDEZ (%)

4 LIMO
ARCILLA

NOMERE

TEXTURAL.

A= Arcilloso
* Extraccidén con

y elementos menores;

AR Bt
25~44 44-120
642, 6,3
Te2 9,6
2,2 8,9
4,2 R
2,9 Z4b
0,20 0,06
20,9 15,1
I4,6 47,9
6,1 4,6
R K
0,27 0,12
0, 0,=
2,8 8,7
96,9 6,6
3,1 Sy4
2 1
21 17
7 4
1= 2
64 31
2,70 1,45
12 b
= 7
85 87
A A

Acetato de Amgnio pH=7.
** Extraccidén con la solucién Olsen modificada para By F

y KC1

IN para Ca,

Mg y acidez.



II.

III.

Ah

AR

INFORMACION GENERAL ACERCA DE LA MUESTRA:

Nimero del per‘til: 29,

Nombre del suelo: Poco Sol.

Clasificacién: Typic Tropohumult.

Fecha de observacién: 2-6—-1986

Ubicacién: Asentamiento del IDA en Foco Sol,
Wilson Valerio.

Altitud: B8O msnm.

Forma del terreno: Muy ondul ado.

Fendiente: 20 %

Uso de la Tierra: Fastos.

INFORMACION GENERAL ACERCA DEL SUELO:

Material matriz: Lahares finos.
Drenaje: Eien drenado.

Nivel freatico: Ausente.
Fedregosidad Y/0 rocosidad: No hay.

Erosién: Moderada.

DESCRIPCION DEL PERFIL:

[ =

0-25 cm Fardo rojize oscuro (5 YR /7)) en

arcilloso; estructura aranul ar,

Finca de

humedo;

fina v

mediana, fuerte: ligeramente firme, adhesivo v

plasticog abundant es poros; abundantes

raices  muy finas, finas vy medianas; limte

claro y plano; pH b,1.

25-44 Farde rojtzo oscuro (5 YR Z/4)  en

h\—'

himedo;



Bt 44-120

arcilloso; estructura en bloques subangulares

que rompe a granular, fina y mediana, fuerte;
ligeramente firme, adhesivo vy plasticog
abundantes poros; frecuentes raices finas vy
muy finas; limite clarco y plano; pH 4,2,

~ojo amarillento (5 YR 4/46) en himedo;

arcillosoc; bloques subangulares, medianos vy

fuertes; ligeramente flirme, adhesi va y
plastico; abundantes revestimientos de
Arcilla; abundantes poros finos, muy firas
medianos; frecuentes raices muy  Finasy
limite clara vy plano: pH &,3.



I. INFORMACION GENERAL ACERCA DE LA MUESTRA:

Piimero del perfil: 28.

Nombre del suelo: La Trinchera.

Clasificacién: Typic Humi tropept.

Fecha de observacién: 0Z-06-1986.

Ubicacidn: La Trinchera de Fital de San Carlos, Finca
del sefor Oscar Licano.

Altitud: 125 menm.

Forma del terrenc: Flano.

Fendiente: « I%

Jdso de la Tierra: Fifa.

IT. INFORMACION GENERAL ACERCA DEL SUELOQ:

Material matriz: Lahares sin diferenciar.

=

renaye: Hien drenadno.
Nivel freatico: Ausente.
Fedregosidad vy /o rocosidad: No hay.

Erosidn: Ligera.

ITI. DESCRIPCION DEL PERFIL:

Ap 0=20 cm Farde oscurao (10 YR Z/3)  en himedo; frarnca
arcille arencso; estructura aranular fins muy
fina, débil; friable, no adhesiva na plastico;
ebundantes poras; Aburdantes raices; Jama b
aradual v plano: pH 5.8,

AR 20-%2 Fardao Qecura (7,5 YR I/4) & hivmedo;

Arci) lasog 2structura en bhlogues subanqgul areg



Bw

SZ2=120

y granular, fina y muy fina, moderadas;
friable, ligeramente adhesivo y ligeramente
plastico; 1limite gradual y plano; pH S,7.

Fardo oscuwro (7,3 YR I/4) en himedo;
arcilloso; estructura en blogues subangulares,
finos Y medi anos, moderados; friable,
ligeramente adhesivo y ligeramente plastico;

limite gradual vy plano; pH 6,0,



UNIVERSIDAD DE COSTA RICA
LABORATORIO DE SUELOS

FERFIL 28. TRINCHERA

Cmol (+)/kg*
Ca

Mg
ko
CIic

SAT. BASES (%) #

SAT. BASES (%) %%
SAT.ACIDEZ (%)

MAT. ORG. (%)

4 LIMO
ARCILLA

NOMERE

TEXTURAL

A= Arciiioso FAa=

(SAN CARLOS)

Ap AZ Ew
0=20 20-32 I2-120
T 5,8 S,6 6,0
4,9 4,8 5,2
9,1 9,3 ?,9
11,8 8,2 2,8
6,2 9,1 R
2,374 0,98 0430
24,7 32,37 2740
8,7 44,1 49,9
12,2 10,7 12,6
3,1 4,7 Z,1
1,99 0,41 0,39
0,5 0,6 O, 4
19,0 16,3 15,4
26,8 96,2 7.6
3, 2 :’ 7 2,‘1
12 S 6
0 26 28
12 8 12
a9 45 17
77 67 86
T 6,18 3,88 1,83
T st SCH 29
17 19 1=
32 42 S
FAa A A

Franco—arcillo—arenoso

* Extraccién con Acetato de Amonio pH=7,
** Extraccidon con la solucién Olsen modificada para [
y elementos menores:; y ECl IN para Ca, Mg y acidez.



UNIVERSIDAD DE COSTA RICA
LABORATORIO DE SUELOS

FERFIL. 6. RIO FRIO II

Frofundidad <{(cm)

Cmol (+)/kg*
Ca

Mg
E
cIc

SAT. BASES (%) *

SAT. BASES (%) **

SAT. ACIDEZ (%)

% LIMO
ARCILLA

NOMERE

TEXTURAL

Ah El Bt
Q=20 20-35 I5-72
T 5.2 5,4 S,3
4,= 4,4 4,5
10,0 10,4 10.5
2,8 1,9 1,0
2,1 2,0 1,0
0,26 0,12 0,15
28,3 1,2 29,5
20,7 12,9 7.2
1,7 1,1 0.7
1,7 1,3 0,98
0,18 0,09 0,19
2.4 1,9 1,5
&L, 0 4,4 RIS
99,7 57,0 a1,
40,7 45,0 ,
4 = =
7 22 23
b 8 ]
28 12 L%}
244 200 100
ST 9,33 4,93 TT3Ts5T T
""""" s8 6z Tgg "~
21 1= 13
21 25 29
FAa Fha FAa

* Extraccidén con Acetato de Amonio pH=7.
¥ Extracciédn con la solucién Olsen modificada para k,F
y elementos menores: y ECl IN para Ca, Mg vy acidez.



II.

III.

Ah

Rt1

INFORMACION GENERAL ACERCA DE LA MUESTRA:

Nimero del perfil: 19.

Nombre del suelo: La PiRfera.

Clasificacién: Typic Tpopoudul t.

Fecha de observacioén: 06—-05-1986.

Ubicacidn: S Km antes del Rio Volcdn, Buenos Aires.

Altitud:

473 msnm.

Forma del terreno: Flana.

FPendiente:

Uso de la Tierra: FiRxa.

INFORMACTION GENERAL ACERCA DEL SUELO:

Material matriz: Abanico aluvial del Valle del General.

Drenaje:

Bien drenado.

Nivel freatico: Ausente.

Fedregosidad y/o rocosidad: No hay.

Erosién: Ligera.

DESCRIPCION DEL PERFIL:

0-27 cm

23-70

Rojo oscuro (2,5 YR I/2) en himedo; arcilloso;
estructura en bloques subangulares vy granul ar,
fino y mediano, fuerte; friable, adhesivo y
plastico; abundantes poros; abundantes raices
finas y muy finas; limmites difuso y planc; pH
9,8.

Rojo amarillento (5 YR 4/4) en humedo;

arcilloso; bloques subangul ares,finos Y



medianos, fuertes; abundantes poras;

frecuentes recubrimientos de arcilla; pH 5,9,

Et2 70+ Arcilloso; pH 5,7.



UNIVERSIDAD DE C

Yy elementos menores; y kCl1

0STA RICA

LABORATORIO DE SUELOS

FERFIL 19. LA FIMERA (RUENOS AIRES)

HORIZONTE Ah Bt1 Bt2

Profundidad cm 0=-23 23-70 70+

S THROT T 5,8 s,9 5,7

pH KC1 4,8 9,6 5,9
Naf 9,7 10,0 9,8

Cmol (+) 7kgw T

Ca 2,9 2,3 2,5

M 1,4 0,6 0,5

K 0,14 0,16 0,17

CIC 19,32 17,7 13,3

SAT. RASES (%) * 20,9 17,2 23,6

Cmol ™ (%) Zkgwa T e

Ca 3,2 .6 245

Mg 1,z 0,9 0,8

k 0,17 0,31 0,25

Acide:z 0,5 0,2 0,3

CICE 3,2 4,9 4,8

SAT. BASES (%) %% 90,4 5,9 9,8

SAT.ACIDEZ (%) ?,.6 4,1 6,2

mg/kg T e e

F 2 2 2

Cu 12 3 8

Zn I 3 3

Mn 39 17 7

Fe 21 19 13

MAT. ORG. (%) TTTTTTITaETTTToo 0,38~ T

""BEENE'““'“_""""““""“"‘“"”55'”“"'"?7_"""'“—"ES‘"""

2 LIMO 19 3 13
ARCILLA =8 70 64

NOMERE

TEXTURAL A A A

A= Arcilloss TTTTTTTTTTTmmmmmmmeeee

* Extraccién con Acetato de Amonio pH=7.

** Extraccién con la solucién Olsen modificada para Ky F

IN para Ca, Mg v acidez.



II.

ITI.

Ahl

AhZ

INFORMACION GENERAL ACERCA DE LA MUESTRA:

Ndmero del perfil: 10.

Nombre del suelo: Narareth (Upala).
Clasificacién: Typic Tropaquept.

Fecha de observacién: 29-04-198¢.

Ubicacién: Fuesto de vigilancia en Narareth de
Altitud: 10 msnm.

Forma del terreno: Flano.

Fendiente: «3 %.

Uso de la Tierra: Frijol, bosque.

INFORMACION GENERAL ACERCA DEL SUELQO:

Material matriz: Aluvial.

Drenaje: Mal drenado.

Nivel freatico: 0,60 m.
Fedregosidad y/0 rocosidad: No hay.

Erosidn: No hay.

DESCRIPCION DEL PERFIL:

0-8 cm Fardo grisaceo muy oscuro (10 VYR
himedo; franco; estructura en forma d
subangulares medianos y fuertes; ¥
adhesivo ni plastico, ligerament
abundantes poros Yy raices; limite a
plano;: pH 6,5.

8-20 Fardo oscuro (7,5 YR 4/4) en hiamedo

arcilloso; estructura en forma de

Upala.

/2)

2]

e bloques

irme,

e duro;

brupto

H franco

bloques



Bwl

Bw2

Cilg

2

«g

o2-82

82-9Z

subangul ares, finos vy medi anos, fuertes;
firme, ligeramente adhesivo Yy plastico;
frecuentes poros finos Yy medios; frecuentes
raices; limite abrupto vy Plano; pH 6,8.

Pardo amarillento oscuro (10 YR 4/4)  en
himedo; arcilloso; bloques subangulares, finos
Yy medianos, fuertes; firme, adhesivo Y
plastico: frecuentes poras muy finos, finos y
medianos; pocas raices finas; limite abrupto vy

planmo; pH 6,7.

Fardo grisacea (10 YR S/2) en himedos

arcilloso.

Fardo grisacesc (10 YR 3/2) en humedo:; arenoso.

Griz (10 YR 2/1); arcilloso.



UNIVERSIDAD DE COSTA RICA
LABORATORIO DE SUELOS

FERFIL 10. NAZAR

Cmel (+)/kg#*
Ca

Mg

b
CIiC

SAT. BASES(%)*
Cmol (+)/kgw*

Ca

SAT. BASES (%) %%
SAT.ACIDEZ (%)

MAT. ORG. (%)

Z LIMO
ARCILLA

NOMERE

TEXTURAL

ETH (UFALA)
Ah1 AhZ2 Ewl
0-8 8-20 20-36
T 6,5 6,8 6,7
S,6 2,2 4,9
8,7 ?,2 2,1
28,1 27,4 24,6
8,1 10,8 17,1
2,95 0,98 0,70
45,4 I9,! 42,2
B6,3> 8,8 100,5
25,0 22, 27,1
49 7,5 10,4
2,46 1,03 0,51
0,4 D1 0,2
33,3 51,4 28,2
28,8 9,7 99,5
1,2 0,3 0,9
31 21 16
6 21 23
14 11 12
7 Rt 1
23 6 S
ST 6,00 7 TTTTTTT T
T 24 227
36 42 28
2 34 S50
F FA A

= Franco A= Arcilloso FA= Franco-arcillosao
* Extraccidén con Acetato de Amonio pH=7.
** Extraccion con la solucidn Olsen modificada para K,F
y elementos menores; y KCl1 IN para Ca, Mg y acidez.



I. INFORMACION GENERAL ACERCA DE LA MUESTRA:
Namero del perfil: 11.
Nombre del suelo: San José de Upala.
Clasificacidn: Oxic Tropoudal f
Fecha de observacidn: 29-04-198¢4.
Ubicacidn: Camino a San José de Upala, 3 km al norte
del cruce.
Altitua: 70 msnm.
Forma del terreno: Ligeramente ondulado.
Fendiente: Tob .
Uso de la Tierra: Frijol, pastos.
II. INFORMACION GENERAL ACERCA DEL SUELO:
Material matriz: Flanicie aluvial con influencia del
Lago de Nicaragua.
Drenaje: Eien drenado.
Nivel freatico: Ausente.
Fedregosidad Yy/0 rocosidad: No hay.
Erosidn: Ligera.
111. DESCRIFCION DEL FERFIL:
A 0-25 cm Fardo fuerte (7,3 YR 4/6) en humedo;arcilloso;
estructura granular, fina y mediana, fuerte;

AR

firme, adhesivo vy plastico, duro;

poros de todo tamafo; abundantes

limite abrupto Y plano:; pH 6,1.

25-4z2 Fardo (7.5 YR 5/4) en hamedo;

abundantes

raices;

arcilloso;



Bt1

4Z-100

bloques subangulares, grandes y muy fuertes;
muy firme, adhesivo Y PpPlastico, muy duros;
Pocos poros finos vy medi anos;: frecuentes
raices muy finas; limite abrupto y plano; pH
5,8.

Fardo fuerte (10 YR 3/3) en hdimedo; arcilloso;
estructura en blogues subangulares, fina Y
mediana, fuerte; firme, adhesivo Yy pPlastico,
ligeramente duro; frecuentes revestimientos
de arcilla; frecuentes poraos finos Y

medianos; muy pocas raicec finas; pH 5, 7.
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HCORIZONTE Ah AE Et

Profundidad cm =25 25-473 4Z%-100

T THz2O T 6,1~ 5,8 5.7

pH KC1 S,2 3,0 e
NaF 2,0 ?,0 ?,3

Cmol (+)7kgx T e

Ca I,2 4,4 3,9

M 2,9 2,9 =2,

k 0,12 0,08 0,07

CIC 15,6 20,0 14,1

SAT. EBASES (%)= 49,7 34,46 47,0

Cmol  (¥) Zkgxx T e

Ca 5,2 4,9 4,0

Mg 2,3 2,3 2,9

b 0,88 2,10 0,87

Acidez 0,2 O,z 0,2

CICE 8,6 2,9 7,64

SAT. BASES (%) #* 97,7 ?6,8 97,4

SAT.ACIDEZ (%) 2,3 2 2,6

mg/kg T e e

F 1 2 1

Cu 17 20 10

Zn 14 6 12

Mn 86 127 28

Fe 2 7 15

MAT. ORG. (%) TTTTTT—- 0,87 2,21 T T

_""ZEENE'"""""—"—"“’_*'"“'Ié'""‘"‘"?é_""'"""'TG_‘""

2 LIMO 14 18 8
ARCILLA 68 64 B2

NOMERE

TEXTURAL A A A

A= Arcilloso

* Extraccién con Acetato de Amonio pH=7.

*% Extraccién con la solucién Qlsen modificada para B, F
Yy elementos menores: y ECl IN para Ca, Mg v acidex.



REPORT ON PROJECT AID-SCI 936--5442

Principal Investigator: Dr. Donald Kass,

Soil Management Specialist, CATIE

Development of Appropriate Technologies for Overcoming
Different Mechanisms of Phosphorus Retention in

Central American Soils

Backaround:

The AID-SCI Project #936-5442 started on August 1, 1985. Dr. Rass is
workinz on the identification of mechanisms for phosphorus absorption in
Central American soils. These soils orginated from volcanic materials which

re organically complex and often retain phosphorus. Plants generally

j¢1]

require 2ppm phosphorus +o develop to maturity. If the soil absorbs or
fixes phosphorus there will not be enough of the mineral for the plant.
Beans, an important food crop in Central America, are especially sensitive to
phosphorus levels in the soil. |

Traditionally, there are three treatments that can be applied if a soil
is known to absorb phosphorus. First, the seeds or beans can be soaked in
different phosphate solutions before planting and this will increase the
phosphorus level in the plant. Second, there are foliar applications where
phosphorus is directly applied to the leaf to increase the phosphorus level

ir the plant. The third treatment is to lime the soil.

Observat.ions:

Dr. Rasg is looking for the soil mechanisms that absorb phosphorus, so

phosphorus will not need to be added externally to the soil or plant. The

first step of his research is to characterize thirty different soils for



their mineral content. Re has picked these thirty types and is currently
running isotherms to determine the guantity of phosphorus absorbed by the
soil and the plants. He is characterizing these thirty soils in cooperation
with the USDA Soil Characterization Lab in Lincoln, Nebraska, which
specializes in soil classification and consultation. Dr. Kass has also been
able to utilize information from another USATD project ~ SMSS, (Soils
Manauement Support System)—which has already characterized fifty

different Latl: American soils. All of this preliminary work is critical
becauss volcanit soils have a lot of magnetic sand which makes them difficult
to cla.qify.

The next step of the research involves greenhouse screening of germplasm
and applicatior. methods of phosphorus. This work is also in progress, A
graduate studert, Wilbert Campos Alvorado, is screening beap germplasm sent
from: CIAT, the Centro Internacional de Agricultura Tropical.

The finz] step will be field-testing the germplasm in tﬁe different types
of soils. This will begin in September because that is when bean planting
begiﬁs in Costa Rica. Field-testing will take place in Panama as well.

To date, Dr. Kass and hic team have scientifically learned much about the
mineralogy of soil. The problem of phosphorus fixation is much bigger than

] -
thev origixaily thought. Many soils are fixing phosphorus so they had to
limit the scope of their project. They aiso now can analyze clay fraction

mineralogy by using ultrasound to separate the clays. The sound waves break
: }

Py - D

the perricles epart. A chemist at the University of San-Jose, Dr.

w

Bornemisza, is reinterpreting this data on the mineralogy of the soil.
Todetier they have discovered a new mechanism for phosphorus retention in
scile. Di. Rass will present a peder on these results at the American

Sociers of Agronomy - ASA meeting this December in New Orleans, Louisiana.

ty



Conzlugion:

After visiting Dr. Rase' lab and seeing his current work, I conclude that
he is making satisfactory progress on his AID-SCI Project. There have been
some administrative difficulties though. Although the Project officially
started on August 1st, the funding was not available until November. CATIE
has had some difficulty spending the allocated monies because half the
funding is for the University of San Jose. There has also been some
difiiiculty in getting a vehicle for field-testing, and some equipment has not
beer. received., In view of these problems, Dr. Kass is doing well indeed.
The only thing now needed is to identify a second graduate student for whom
money has been budgeted, and to begin the field trials as scheduled in
September. The Project will end in November 1988.

A copv of the InterinéProgtess Report No. 1, dated Angust 1, ibé% to May

1, 1986 is enclosed for your reference.
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Interim Progress Report # 3
Nov.1l, 1986-June 1, 1987

Project AID-SCI 936-5442

Development of Appropriate Technologies for Overcoming
Different Mechanisms of Phosphorus Retention in Central
American Soils
I. RESEARCH PROGRESS
Most of the research activities proceded smoothly in

this period. The plan of activities for 1987 was approved by
ROCAP. Preliminary field experiments were successfully carried out
at the CATIE station in Turrialba; an M.S. thesis on alternative
methods of applying Phosphorus to beans was completed; soil
samples were sent to the SCS laboratory in Lincoln, Nebraska for
mineralogical analysis; P retention isotherms of the thirty soils
specified in the project have been completed and these results
correlated with other soi] properties; and .a second M.S. student
besan his research activities; and most of the sites for the field
cxperiments to be carried out beginning in September, 1987, have
been selected.
A.Field Experiments at CATIE

As a2 preliminary to the field experiments to be carried
Out on soils of different mineralogical characteristics in the
final phase of the project, a brototype of these field experiments
was planted at CATIE in January, 1987. As was pointed out in the
previous interim report, the unavailability of the project
vebicle, which finally did arrive in April, 1987, precluded field
SXperinments at other sites in this period as originally proposed.

TTLenticc o rcharacteristics of the CATIE soil had been studied ip



the M.S. thesis of Ing. Wilbert Campos; and the soil appeared to
have the characteristics ol P retention by both precipitation and
adsorp{ion mechanisms identified in the project as a
chparacteristic of several Central American soils. Several of the
:rcatments tested by Ing. Campos in the greenhouse were included
in the field trial. One experiment was a 3X 24 factorial with the
factors bean variety, liming, fertilizer P, folier P, and P
applied by seed imbibition. A single replicate was used and the
third and fourth order interactions used to estimate error. The
analysis of variance and significant effects and interactions are
given in Table 1. Varieties, liming, and P application (300 kg

: P)gave significant positive effects on bean yield. P

ha™
imbibition had a significant negative effect. The interactions,
imbibition X varieties, imbibition X liming, and imbibition X P
were all signiticant. These interactions, summarized in Tables la,

1b, and lc show that in the absence of liming and P fertilization,

seed imbibition of Phosphorus ( 3 hours in a solution of KzHPOA'

containing 8000 ppm of P) did increase bean yields, showing that
the practice may have some validity where neither liming nor P
fertilization is feasible. Despite the use of only one replicate,
precision was acceptable (C.V. <19.877). Foliar samples of the
beans are presently being analyzed and will be used for a more
complete evaoluation,

The second experiment combined a complete factorial ( 23
( liming, foliar P, and seed imbibition) with five levels of
fertilizer P ( 0, 150, 300, 450, and 600 kg ha~! of P) in a split
plot exper .ment with two replicates. Thus, considerable precision
was available for the P response curve which could be combined

with the P adsorption isotherms to determine external P
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requirements using the method of Fox ( 1981). External P
requirement for the 1CA-Pijao variety without soil amendments or
~ved treatment was found to be 0.084 ppm P in the

.51l solution which compares well with the value of 0.08 reported
tor the ICA-Huasano variety by CIAT (1977) in Colombia on a soil
of volcaniec origin, like the one wused 1in the present study.
Interpretation of the effect of liming is complicated by the fact
that liming shifted the P adsorption isotherm upward as was found
by Friesen, Juo, and Miller (1980) on a Nigerian Ultisol with
similar levels of exhangeable aluminum as the soil used in the
present study. However, the level of fertilizer P required for 95%
of maximum yie.d is lower with liming as is generally reported in
the tropics (Lathwell, 1979) so that when the response curve 1is
combined with the isotherm in order to determine the external P
requirement, (Figure 2) , the latter is found to be 0.089 ppm ,
higher than in the absence of liming. Though this result may not
at vfirst seem reasonable, it should be remembered that liming
increases the amount of P in the soil solution. Hence, there will

be a higher level of soil solution P at ali levels of applied P

in the 1limed plots. It should be noted that Friesen et al.
observed this effect only at higher levels of lime application
as were used in the present study ( 5 t ha—l)

As can be seen in Figure 1, the effect of foliar P application
and seed- imbibition increased the intercept value of the response
curve but decreased the slope. A combination of liming with
foliar P or seed imbibition reduced considerably the amount of P
required to obtain maximum yield and cqnsequently reduced the

external P requirement somewhat.
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'n ligure 2, percent maximum yields are plotted against P levels

-y

in the soil solution as calculated from the isotherms for limed

and unlimed soil for four treatments ( Control, liming, seed
tebibition, and foliar P application). The curves for the
remaining four treatments are presented in Figure 3.

All  of the values for the external P requirement only vary from
(r.082 te 0.093 ppm, which appear to be quite reasonable. Lower
values might be found if the soil is allowed to react with the
fertilizer P for a longer period as was found by CIAT in the
second‘year of the experiment referred to above( CIAT, 1978).

B. M.S. Thesis of Wilbert Campos. '

A M.S. thesis based on the greenhouse screening
component of the project was submitted to the CATIE-University of
Costa Kica praduate program by Ing. Wilbert Campos, who received a
scholarship from the project, The thesis was -entitled
"Manipulacion del cultivo del Frijol (Phaseolus vulgaris L.) para

superar diversos mecanismos de retencion de fosforo en suelos de

Centroamerica".

Ing. Campos worked with four bean varieties (Rio
Tibaji and Iguacu, selected by CIAT as being tolerant of low soil
Phosphorus levels and ICA Pijao and Puebla 152, considered
intolerant) with three soils: an Ultisol with high levels of
exchangeable aluminum, an Andept with high levels of amorphous
aluminum, and a Humitropept with high levels of both exchangeuable
and amorphous aluminum.

There were three phases to the study. In the first, the
effect of drying and liming on different physical and chemical
characteristics of the three soils was studied. the amounts of

nutrients necessary to achieve desirable levels in each of the

soils was studied. P retention isotherms were determined for each
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suil in the wvet and dry and limed and unlimed states.
In the second phase different formulations and
noentrations of phosphorus contzining solutions as well as times
rnbibition wer:e evaluated to determine the P-source,
concenlration, and imbibition time which most increased P content
~tthout decreasing viability.
The third ©phase was a greénhouse experiment in which
liming, four bean genotypers, and foliar and seed imbibed P
application were evaluated in each of the three soils.
Principal results of the study were as follows:
1) Drying affected soil physical properties, such as
texture, more than chemical properties, such as P retention
2) P retention of all three soils was quite high, about
90% as determined by the isotherms,
3)Highest increase of P content of the seed and
germination was achieved by imbibition for three hours of a
solution of potassium phosphate (KZHPOA), containing 8000 ug/ml P.
4) Liming was especially effective 1in increasing P
uptake in beans in soils with high 1levels of exchangeable
aluminum. It has less effect in soils with more andic properties,
containing low levels of exchangeable aluminum.
5) There were differences among genotypes in P uptake
from soils receiving the same treatment.

6) Seed imbibition increased P utilization by the plants.

while foliar application tended to reduce it.



“ineralogical Analyses of Soil Samples by SCS Laboratory in

Lincoln, Nebraska

During the months of November and December, 1986, the
apronomist paid by the project worked at the destruction of
srganic matter and separation of clays on 90 samples, representing
40 horizons of the thirty soils identified by the project for
which mineralogical characterization did not exist. Following
contacts made with Dr. J. Kimble of the SCS laboratory in Lincoln,
Nebraska, the prepared samples as well as unaltered samples of the
same soils were sent to the SCS laboratory through the kind
services of Dr. Madison Wright of Cornell University who hand
~carried the samples to the U.S. Dr. Kimble acknowledged receipt of
the samples in February, 1987, and said there would be no
difficulty in completing the required characterizations byAugust,
1987. We have not yet had any further word from Dr. Kimble
although, following instructions of Dr. Hari Eswaran; of SMSS, he
sent us characterizations of some 25 other soils, from Panama .and
Nicaragua, which will be of great use in determining the
occurrence of mineralogical characterics identified as important
in the project. There 1is a very good possibility that Dr. Ray
Bryant of Cornell University will be available as a consultant to
the project from January to June, 1987. He will work on
correlating the mineralogical information with other soil
characteristics. This information will be of great use not only to

the project but also to SMSS,.

|



torrelation of P retention with other soil characteristics.

Working with some 37 soils which are being cha;acterized by
ilie project, the chemist from the University of Costa Rica, who is
one  of  the participants in the project, carried out ten
“ifferent determinations of properties which were then correlated
with P retention as determined by isotherms and the New Zealand P
retention determination. These results are presented in Tables 3
and 4 for all thirty seven " soils and for the twenty soils
classified as Andepts respectively. Soil pH determined in NaF
correlated best with P retention by both methods for both groups
of soils although wuse of this measurement in non -Andepts has
been criticized (Kimble,Holzhey, and Holmgren, 1984). Aluminum
extracted by acid oxalate, which has been considered a better
measure of amorphous aluminum correlated better with New Zealand P
retention than with isotherm-determined P retention. Strangely,
the correlation with P retention by isotherms improved somewhat
while that with New Zealand P retention decreased somewhat when
only Andepts were considered. A reverse trend was shown for
Citrate-dithionate Aluminum which gave higher correlation in
andepts with New Zealand P and lower correlations in andepts with
isotherm P. A similar trend was shown for aluminum extracted in 4
N KON, which is supposed to characterize andic properties better
than NaF (Kimble et al.,1984) although it did not correlate well
with P retention by the isotherms for the soils described as
Andepts. Further analyses of this data will be carried out using
multiple regression techniques. It would seem that the pH in NaF
and Al determined in acid oxalate are the best predictive measures
of P retention. The two determinations were more highly
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vortelated (r = 0.86) in all 37 soils than in just the Andepts ( r

.80),

.. M.5. Thesis of Alexis Samudio

The other student who receives a scholarship from this

project has begun his thesis work using a soil from the Caizan
region of Panama, which is the major bean-growing area of that
country. The soil has andic properties, relatively,

low-levels of exchangeable aluminum and moderate levels of P
retentien, Ing. Samudio , who is of Panamanian nationality, will
determine external P requirements of four of the most important
Panamanian bean varieties. He will precede this work with
greenhouse studies to determine response of these varieties to
different 1lime and phosphorus levels as well as foliar and seed
imbibed P, Soil was brought from Panama in April, 1987,
Greenhouse work will begin in July. Field experiments will begin
in October, 1987, which corresponds to the planting date in that
region of Panama. Preliminary test have shown the soil to be low
in zinc. Effect of zinc and incorporation of lime on P response

of beans will be determined under field conditions.

F. Other field experiments.

Field experiments similar to the ones carried out in
Turrialba and planned for Panama are scheduled to be planted
beginning in September, 1987.iﬁ the following sites: San Isidro,
San Vito, Fraijanes, Rio Frio, Puriscal, San Carlos. Experimental
areas belonging to the University of Costa Rica and the Costa
Rican Ministry of Agriculture are available at most of these
sites.. Planting dates for beans vary somewhat, from September

-8-



to December, over these sites.

IT. Changes in Research Plans.

As noted above, progress was very much as expected
during this period so that no changes in research plans should be
necessary. Field experimentation should begin on schedule in
September. While there might be some delay in the receipt of the
mineralogical analyses from the laboratory in Lincoln, this should

not result in any change in programmed activities.

The very good possibility that Dr. Ray Bryant of Cornell
University will be able spend his sabatical at CATIE, partially
financed by the project should help in the final write-up of the
research results. Hopefully, he will be able to integrate the
existing information on soils in the region with the findings of
the project. The receipt of more so0il analyses from SMSS will
somewhat enhace the scope of the project because there is
apparently more information available than was originally thought.

The arrival of the'proje;t vehicle has been a great help
in carrying out diverse activities. However, there have been some
unanticipated expenses associated with insuring the vehicle and
obtaining another set of keys when the originals disappeared from
the vehicle while it was parked in the CATIL garage.

The 1laboratory equipment ordered by the project has
arrived in Costa Rica and should be released from customs by the

end of August, 1987, one year after it was ordered.

A more serious problem, mentioned in the previous

report, is the increase in the cost of maintainin, a student at

-9-
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CATIE. The money budgeted for student scholarships will not pe
sufficient to support Ing. Samudio until the ‘termination of his
thesis research. More funds are being sought from PSTC for this

purpose but efforts so far have not met with any response.

ITI. BENCHMARK DATES

July, 1987 Wilbert Campos takes final thesis exam

Alexis Samudio begins greenhouse experiment

August, 1987 Mineralogical results received from SCS

Alexis Samudio submits thesis proposal

September, 1987 Greenhouse study terminated
Alexis Samudio takes admission to candidacy
examination

Field experiments plented in Pursical and San

Isidro

October, 1987 Field Experiments planted in Panama and San
Vito.

November, 1987 Field experiments planted in Rio Frio and
Fraijanes -

Fourth Interim report and workplan for 1988
submitted to ROCAP

December, 1987 Field Experiments planted in Turrialba and
San Carlos
Experiments in Puriscal and San Isidro
harvested

January, 1988 Experiments in Panama and San Vito harvested.

-10-



Arrival of Dr, Ray Bryant
nwarch, 1988 All field experiments harvested

April, 1988 Analysis of results for final report begins.,
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