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Program in Production and 
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Development
 
CATIE
 
Turrialba, 
Costa Rica
 

June IS, 1988
 

Dr. Jchn Malcolm
 

S & T Agr 
406 B; SA-18
 
Washirqtc r!. DC 20523 

Dear lohn: 
I am enclosinc a copy of the fourth interim
 

r e ct report for Project AID-SCI 936-5442. ... ..... n 

gettinp 
 rather good results both in finding soil characteristics
 
thot relate tc P retention and in relating P retention to the soil 
ta:onorv. N'e are findin, more retention in the preat groups with 
higher crcaui c ma: -er such as the Hluitropepts and Humults 'han 
in the correspondingt groups with less organic matter. This would 
imply, as we have suspected, an important role for the organic 
mattor .n P retention although it is not yet clear how much of 
this is due to the aluminum bound in the organic matter. Dr. 
Bornemiszn of the University of Costa Rica 
has been extracting

aluminum with Pvrophosphate which is supposed to extract the 
organically bound aluminum. it is quite high in some soils of the 
area. 

/s you are probablv aware, we have received an 
additional $13,000 for the student tiesi s the extra fieldand work 
which i nshed you about last year. '1hank you for whatever you did 
tc help thig go thruc, h. Although by our calculations, the 
$13.000 should have brought the project total to $147,000, AID 
calculates that S1.9,600 is authorized for the project. According 
to the CATIE acccuntants, we have received 0157,000 from AID. I
 
wrote to 
Dr. Asner, nsi.ing to extend the rroject for another year
at a cost of $30,000. O.herwise, we will have to stop all work on 
P retention hero. With the $30,000 we can, measure residual 
effects in the experiments done in Costa Rica and Panama last year 
and see how well our correlations hold up when applied to soils 
of
 
another country, perhaps Guatemala or Honduras, which has a 
similar mix of volcanic and non-volcanic soils. If we really have 
S12,000 more than 
 I thought , we would only need an additional
 
$18,000 to carry nut these activities in 1989.
 

As you might have heard, I had accepted a
 
position with an AID supported IITA project in the Cameroun. I 
was there in Fcbruarv and March. When I was there, how
1 realized 




Dr. John Malcolm, p.2. 

much more expensive it was to live there than in Costa Rica so I
 

asked ITTA for an additional $5000 per year salary. (I was 

supposed to take up the nosition in August when my contract with 

CATIE terminaed). Tn response to my request, they withdrew their 

offer f emplorment-- so it looks like I will he in Central 
America n little longer. Although most of the Cameroun has 
considpra ly elder soils than Costa Rica, with lower levels of 
organic m tter, there are sem, volcanic soils and P retention is 

considered 2 jTv problem. no, 1 vas hoping to uqe some of the 
techniques ve ,devei ped to work on P retention there. As this 
project has c 'onsiderahlefundin , they could probably subcontract 
for doinp the F: retention work. 

[ guess Pay Brvant of Cornell will present 

the paper at Lc ASA meetinps in Anaheim. lie seems to have 

enjoyed spending his sawhal, icai here. he helped us with the 

classification work related to the project and also helped 

organize the soil cassificat:ion and soil geographv courses in the 

graduate program. We would hope to be able to continue this type 
of col] aboration in the future. 

Thank you again for your assistance. Any 

suggestions you might have about getting funding to continue the P 
retention vork would be sincerely appreciated. I have teaching 

obligations here in December and family oligations require that I 

he in the states in January so I doubt I will come to Anaheim 

unless i can find funding. ! generally make it a practice to come 

to the ASA meetings every third year, which means I should be 

there in 1989 wherever they are. 

Very truly yours,
 

Donald L. Kass
 
Specialist in Soil
 

Management and Physics
 
Higher Education Project
 



INTERI, PROGRESS REPORT No 4.
 

July 1, 1987- April 1, 1985
 

Project AID-SCI 936-5442
 

Development ot Appropriate Technologies for Overcoming Different
 

Mechanisms of Phosphorus Retention 
in Central American Soils
 

I. RESEARCH PROGRESS
 

Progress was satisfactory in this period. All of the 

field experiments were completed, including the experiment in 

Panama which will form the basis of the thesis research of the 

student receiving a scholarship from this project. 
 Dr. Ray Bryant
 

of Cornell University, who 
has been hired as a consultant to the
 

project, arrived in Costa Rica to spend a six 
month sabbatical at
 

CATIE. He began organizing all of the extant chemical and
 

mineralogical information on soils available in 
the SMSS database 

and those obtained by this project. He will also revise the
 

classification if 
these soils. Further analyses were also made of
 

the chemical data obtained by the University of Costa Rica on some
 

30 Costa Rican and Panamanian soils. There was 
further evidence
 

that aluminum bound in the organic fraction of the soils as well
 

as free iron oxides, possibly occurring as coatings on the clay
 

surfaces, rather than allolhane 
, was responsible ..or much of the
 

P retention in these soils. A manuscript is being preparEd from
 

these findings.
 

A. Field Experiments
 

The agronomist and soil classification specialist of the
 

University 
 of Costa Rica harvested three experiments in February
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and March of 1988. Principal results are shown in 
Table 1. The
 

Ta!amanca varj ey per or jied best in all locations and produced 

maximum yields with relatixe]r 
 low additions of P. C;enerajlv,
 

higher levels of phosphorus were required to produce maximum
 

yields 
 at the Rio Frio site than at 
the other two si tes although
 

the other 
 two soils siiowed equivalent or 
higher indices of P
 

retention. 
 Lime was applied at rates calculatei to brin , the
 

aluminum saturation to 
 35% and P respectively. T'hus rates were
 

much lower at 
 the Rio Frio site than at Guarumal w k_,.e no 
lime
 

was applied 
 at Coto 'Brus where there 
 was no exchangeable
 

aluminum. 
 At the Guarumal 
site, liming affected the amount but
 

not 
the form cf the P response.
 

Maximum yield was obtained between 100 and -1
200 kg P ha


with or without liming. However, in 
Rio Frio, liming increased
 

both the amount and 
form of the P response. Without lime, 
maximum
 

yield was 
319 kg ha-i obtained
" by apNvi n2
. . 200
- • -of kg ha -o P while 

when 0.8 haI of lime was applied, maximum yield of 527 kg ha-1 

was obtained with 300 kg ha - 1 of P. These results are best
 

explained by the fact that in the Guarumal soil, all of the 

potentially reactive aluminum is exchangeable (and 
hence readily
 

extracted 
 with KC1) while in 
the Rio Irio soil, there are forms
 

of aluminum 
 bound in the organic matter 
and in the amorphous
 

material 
 Thus, the I}Cl extracted aluminum is 
a poor neasure of
 

the active aluminum. 
 These differences 
are better explained by
 

considering some 
 of the chemical characteristics of 
these scils
 

shown in Table 2.
 



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

Table 1. Analyses of Variance for experiments carried out in three
 
sites in Costa Rica
 

SITE
 
GUARUMAL COTO BRUS RIO FRIO
 

S ource ---- -.--


Variation 1)F MS Signif. 1)F MS Signif DF IS 


Souceoff----------------------------------------------------------- -----.--- -----

Sign if
 
F 	 F F
 

Blocks 2 241582 0.32 2 56291 0.01 
 2 23963 0.39
 

Bean Var. 1 491360 0.18 2 525125 0.06 

Resid 2 115530 4 83666
 

Lime 2 652334 .0.00 
 2 80459 0.11
 

Lime X Var 2 10,*112 0.13
 

Resid 8 3969 

Levels P 4 1872848 0.00 4 177861 0.14 4 88106 
 0.004
 

P X Var. 4 80960 0.40 
 8 217954 0.05
 

P X Lime 8 57447 1.00 
 8 27678 0.171
 

Var X
 

PXLime 8 62071 1.00
 

Resid 48 77835 24 92579 
 24 17062
 

Main effects(kg/ha):
 

BEAN VAPIETTES:
 

Talamanca 924 917 
 353
 
Huasteco 776 
 637
 
Fluetar 562
 

LI11 N G :
 
0- 680 0 - 2-6 
3 T/ha 
 943 0.8 T/ha - 423 
6 T/ha 927 1.3 T/ha - 359 

P 	levels 
0 600 600 136 
100 986 1300 337 
200 947 675 407 
300 940 1175 407 
4 776 833 425 
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TABLE 1, cont.
 

Significant Interactions:
 

P X Variety:
 

Talamanca:
 
0 

100 

200 

300 

400 


Huasteco:
 
0 

100 

200 

300 

400 


Fuetar:
 

0 

luo 

200 

300 

400 


P X Liming:
 

0 Lime X:
 

0 P 

loop 

200 P 

300 P 

400 P 


-
3T ha lime X: 


0 P 

10I P 
200 P 

300 P 

400 P 


6T ha -1 lime X: 


0 P 

100 P 

200 P 

300 P 

400 P 


Guarumal 


611 

1144 

947 

1033 

S33 


589 

828 

947 

847 

669 


404 

816 

712 

845 

621 


675 

119] 

1095 

1017 

738 


720 

950 

1l33 

958 

971 


Coto Brus Rio Frio
 

600
 
1375
 
675
 

1175
 
833
 

808
 
1000
 

'5
 
500
 
600
 

341
 
433
 
741
 
558
 
733
 

0 Lime X
 

0 P 271
 
100 P 221
 
200 P 319
 
300 P 213
 
400 P 360
 

0.8 T ha- I lime X:
 

0 P 145
 
100 P 486
 
200 P 495
 
300 P 527
 
400 P 458
 

-1
1.3 T ha lime X:
 

0 P 143
 
100 P 302
 
200 P 409
 
300 P 481
 
400 P 459
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-------------------------------------------------------------------------

Taule 2: Some chemical characteristics of soils 
 used for field
 
experiments
 

Soil 	 iori- Aluminum extracted by Iron extracted by P reten­
zon-------------------------------------------­ tioi: 

1. 2. 3. 4 	 4-3 5. 6. 5-E}KCl Acid yPvro- Citrater ate ate Pyro NZ Iso 
Oxa- phos di thio- di thio- phos therm 

(cmo late phate nite nit e phate (a) 

Gu arumal 
(Paleustu3t)
 

Ah 5.0 0.34 0.22 0.80 0.58 6.12 0.38 5.74 55.6 850
 

Bt 1 9.1 0.16 0.20 0.84 0.64 6.42 
 0.08 6.34 52.7 1150
 

~.C, irrio 
(Typic Tropudult)
 

Ah 1.0 0.84 1.12 1.88 0.76 5.90 0.55 5.35 57.8 1060
 

Coto Brus
 

Typic Hydrandept)
 

Ah 3.00 1.88 2.02 0.14 2.14 93.6
1.40 0.74 2900
 

AB 3.44 1.20 1.53 0.33 4.45 0.47 3.98 96.6 2400
 

a) P addition ( ug/g) required to 
obtain 0.2 ppm P in soil solution
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It can be seen from Table 
2 that the Guarumal soil had 
 low lcvels 
of oxalate and citrate-dithionite extractable aluminum but high levels
 
of dithionite citrate extractable iron. The R io Frio soil had 
somewhat higher levels of oxalate extractable aluminum and quite high 
levels of 
 pyrophosphate 
 extractable 
 aluminum, the 
 Coto Brus 
soil
 
represents 
 a more "classic" 
volcanic 
soil with 
high levels of oxalate
 
extractable aluminum, low levels cf KCI extractaIIe al uminum and 
dithionite 
 citrate 
 extractable 
 iron. According to 
 the Japanese
 
-iLerature (Wada 
 and Gujigake, 1979), 
the aluminum and 
iron extracted
 

Dy DVpfopilosphate represesent 
 the fractions bound to 
humu while the
 
aluminum and iron extracted by oxalate represent the aluminum and 
iron incorporated into ailophane and imogoite. The difference between 

aluminum.e extracted by dithiorni te and pyrophosphate (4-3 en able 
2) is aluminum 
 in allophane-like 
 constituents while 
the difference
 
between tihe iron extracted 
 by dithionite and that extracted 
pyrophosphate repesents iron in iron oxides ( V'ada, 1977). 

Applying these criteria to the soils in question, it would seem 
that most 
 of the P retention 
 of the Guarumal 
 soil iF due to
 
exchangeable 
iron and aluminum. 
 The Rio Frio soil 
has lower levels of
 
exchangeable 
 aluminum 
 and free iron but 
 higher levels of 
oxalate
 
extractable and pyrophosphate extractable aluminum , indicating the 
presence of some amorphous material and a consi erable amount of 
al'minum bound 
in the organic fraction. 
 The P retention 
levels 
of the
 
t o so 1 s as measured vh the 7'ew Zealand P retenti on test and the 
amount 
 of P adddition required to 
have 0.2 ppm 2 in 
the soil solution
 
(Fox and Kamprath, 1970), are similar , being only slightly higher in 
the , io F--io soi 1 although there are probably several more mechanisms 
of P retention operating in that soil than in the 
 Guarumal soil. The
 
Coto Brus soil 
has a much higher level of 
P retention, 
most of which is
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probably due to the presence of allophane although the organically
 

bound aluminum probably plays a role. This is to some degree 

il]ustrated by the difference in P retention of the two horizons. The 

A horiz.on has a higher level of P retention by the isotherm method and 

a lower level by the New Zealand P retention test than the AB horizon. 

The A. horizon has a higher level of pvrophosphate bound aiuminum but a n 

lower level of oxalate extractable aluminum than the AK horizon. One 

could explain these differences by sayinn tha t the New Zealand P 

retention test favors h:-s some bias toward the aluminum bound in the 

allophane since it too includes an extraction with oxal ate. The higher 

P retention measured by the isotherm p, obably includes more of the 

organically bound aluminum measured by the pyropihusphaeL extraction. 

The difference in mechanisms of retention can perhaps be 

used to explain the difference in the effect of liming in the Guarumal
 

and Rio Frio soil. In the Guarumal soil, liming increased yields but 

did not affect the nature of the P response. Maximum yield was achieved 

with I00 kg ha - I P beth in the presence or absence of liming This 

would he explained by the high levels of KQI extractable aluminum and 

the low levels of oxalate and pyrophosphate extractable aluminum. 

Liming in this soil should merely reduce the levels of exchangeable 

aluminum. In the Rio Frio soil, liming might actually increase the 

capacity for P retention because aluminum held in the organic complex 

( as indicated by the high level of Pyrophosphate extractable 

aluminum) and aluminum in the form of allophane ( as indicated by the 

higher level of oxalate extractable aluminum) might actually be
 

-released Dv liming. Thus, 300 kg ha I P was required to give maximum 

yields when the soil was limed and only 200 Lg ha I when the soil was 

not limed although, of course, yields were higher when lime was 

a p p-1 i e d 



---

A significant P X variety interaction was observed at the Coto 

Brus site. The Hluetar variety required higher levels of P Lo produce 

maximum vields thethan Talamanca or Hluasteco varieties. iiowexer, the 

overall response to P was not significant at this site although it was 

at the Guarumal and Rio 
 Frio sites. Further analyses of these
 

experiments will be made more
whcn data, such as foliar P content and P
 

levels in the soil followino 
treatment are available.
 

B. Thesis experiment in San Andres, Panama.
 

-This experimen was planted in November, 1987, and harvested in 

March, 1988. The design was similar to the Costa Rican experiments but 

treatments involving no-tillage and zinc were also included because 

farmers i: the region do not 
normallv plow previous to bean planting
 

and soil analyses showed unusually low levels of zinc by the Olsen
 

extraction. The experiment was a 
split-split plot with three bean
 

varieties in the main plots, five 
tillage and fertilizer treatments ( 

control, zinc, tillage, tillage plus lime, tillage plus lime and
 

zinc)in the subplots, and 
 five phosphorus levels in the subsubplots. 

The P levels were 0, 100, 200, 400, and 600 kg ha - I in the tillage
 

treatments and 50,
0. 100, 
 150, and 200 kg ha-1 in the no-tillage 

treatments where the P was banded. There were two replications. Only 

the subsubplots with the same levels of P (0, 100, and 200 kg ha­

were used for the anal's{ s of variance shown ii Table 3. 

It can be seen that there was only a significant response to P and 

for the interaction treatments X varieties. The Rosado variety was 

the oly cult ivar to respond to liming. 



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

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

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

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

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

Table 3: Analysis of variance of experiment in San Andres, Panama
 

Source Degrees Sum of Mean F value 
of variation of freedon, Squares Square 

.KAoCi:,s 3u01 '200 3601200 9.23 

CuI sivars 2 154285 771542 0. 19 

Error(a) 2 780195 390097 

Ireatments 4 


Cultivars X Treatments 8 


Tillage X Rosaio vs 
105 i & Lenac i iento 1 

Zn without ti!ae ) 
Rosado vs 1C)', and 
R ena ci i nto 1 

Li min, with tillage X 
os a o v(10 a n (I 

Lenac (,:cont 1 

Zinc wit'h liming X 
RosaIc, vs 105 E. and 
Renacie7lierito 1 


Tillage X 105 E vs 
Renaci:(m en t o 1 

Zn without ti lage 
105 PR vs Penac im1ento 1 

Liming wJith till jge X 
105 P vs h'enacimiento 1 

Zinc wi th liming X
 
105 R vs Renacimiento 1 


Error (1) 12 


554352 138588 1.26 

2797989 349748 3.20 

699875 699875 6.40 

18528 18528 0. 17 

1539591 1539591 14.09 

129168 129168 1.18 

4319 4319 0.04 

163185 163185 1.49 

286020 286020 2.61 

384 384 0.003 

1311520 109283 

P 2 6970809 3485404 66.73
 

P N Cultivars 4 1955518 488879 9.36
 

P X Treatments 8 489209 61151 1.17
 

P x Cults. X Treatments 16 1491,186 93386 1.78 

Error (c) 30 1566840 52228 

C.V.: Error(a) = 28.16% ; Error(b) = 14.90 2; Error (c) = 10.3 % 
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Cultivar X P interaction:
 

Cult ivar: 

Renacimiento 
 105-R Rosado
 

P level ---------------- kg/ ha---------------­

(kg/ha)
 

0 
 1834 1829 
 1833
 

100 
 2292 2364 2392
 

200 
 2455 2366 
 2607
 

It would appear from the above table that 
the Rosado and
 

Renacimiento cultivars responded to 
 higher applications of P 

thatn did the 105-R cultivar although all cultivars responded to 

100 kg ha I of P . Further analyses of the response curves in 

those treatments where higher levels of P were njpplied will be 

necessary to determine the exact nature of the cultivar X p 

interaction. The student 
is presently terminating foliar analyses
 

and determining P adsorption isotherms on 
 the soil following 

treatment with lime and P. it is thatexpected he finish his
 

thesis by August , 1988.
 

C. Soil Data Base
 

Since his arrival in January, 1988, Dr. Ray Bryant of 

Cornell University has been workin- on a database which will 

incorporate the information obtained by the project with the 

existing soils information available through previous SMSS 

activities in the area. Data have obtainedbeen by SHSS on some 

83 soils from Guatemala, El Salvador, Honduras, Nicaragua, Costa
 

Rica, and Panama. P base system V is being used the data
as 
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management 
 system for entering, searching, and outputting data.
 

For about half of 
these soils, some data related to F retention
 

( New Zealand P retention, oxalate extractable aluminum,
 

citrate-dithionite 
 extractable 
 iron and aluminum) was available
 

from SAMSS.
 

At the end of the project, the database 
should contain a
 

total of some 110 soils with 
information relating 
to P retention
 

on some 70 soils. 
 The planned approach for statistical analyses
 

is to correlate P retention 
data with Fe/Al characteristics of
 

these soils, then use the correlations to classify 
 soils
 

ropresented 
 in the Central American database .i t! respect to 

Phosphorus retention characteristics and 
observe the relationships
 

to soil taxonomic classification. 
 This activity should be
 

terminatea prio:" to 
Dr. Bryant's departure in July, 1988.
 

D. Further analysis of data reported 
in previous progress report
 

Foliar analyses were run on 
the beans in the experiments
 

carried out in Turrialba in 1987 and reported in the previous
 

progress report. Foliar P levels 
were found to be unusually high
 

in all treatments, being abova 0.5% 
in al treatments 
even without
 

P applications. Foliar P levels did increase with increasing -oil 

P applications reaching a maximum of about 0.64 % when between 

300 and 450 kg ha -1 of P was applied. As maximum bean yields 

were generally obtained with this 
 level of P application,
 

determination 
 of external and internal P requirements of the
 

beans would result 
 in the same level of P application being
 

recommended.
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I. 	 Changes in Research Plans
 

,17o real 
 changes in research plans were necessary 	 during 

this period though some adjustments to changing situations was 

required. Fortunatelil, the political crisis in Panama did 	 not 
affect the harvest of the field experiment in that country. 	 Had 

the harvest been a few weeks later, there might have been more 

effect. The student was also 	 able to terminate -lost of the 

foliar and soil analyses at the Faculty of Agricalturai Sciences 

in Chiriqui before returning to Costa 	 Rica in April, 1988, where 

he is 
 presently 	terminating 
data analyses. Unfortunately, 
some
 

S2500 of 
 his scholarship funds 
remain on 	deposit in a PanamaniL~n
 

bank and cannot be 	 withdrawn at present. At present, 	 these funds 

represent 
 CATIE rather than AID 
funds since CATIE advanced the
 

scholarship funds to 
 the student in expectation of 
the $13,000
 

supplement 	promised for 
May, 198, .
 

In February, 1988, 
the principal scientist 
was offered a
 

position 	 with 
 the AID sponsored IITA-NCRE project 
in Cameroun.
 

Partially 	 due to 
 the facl 	 that further funding 
for research
 

activities 
 related 
 to P retention would 
no longer 	be possible at
 

CATIE 
 due to 	 the rejection of 
 a proposal sent 
to AID-SCI in
 

August, 1987, the principal scientist accepted 
the offer. 	lie felt
 

that there 
would bDe more opportunity to continue research related
 

to P retention in Cameroun 
where P retention has 
 been identified
 

major production restraint.
as .	 The contract of 
the poincipal
 

investigator with 
 CATIL terminates ir August, 1988. 
 lie hopes 	to
 

be able to 	submit 
the final 	report prior to leaving for Cameroun.
 

I has been 	 pointed cut by the chemist of the Vni vers-Itv 

of Costa 
Rica that 	much mcre information could 
be obt ined by the
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project if the field experiments harvested in 1938 could be
 

maintained for another year so that residual effects cotld be 

measured. Long-term effects liming Pof and fertilization on P 

retention characteristics 
 of several soils could also be
 

determined. The Panamanian research and extension agency, IDIAP, 

which collaborated most positively with the experiment in San 

Andres, Panama. has also 
 expressed interest 
in continuing the
 

research activities. Unfortunately, there no
are project funds 

available for such continuation. If the proposal on the role of 

organic matter in P retention and avialability in Central American 

soils had been accepted by AID-SCI, there would beenhave such 

funding. Continuation of these experiments would only require a 

small amoG'nt of funding, perhaps $10,000 per year. Thus 

considerably more information could be 
 obtained for a cost
 

considerably less than funding a new project. 

Although AII)-SCI approved our request for an additional 

$13,000 to defray 
increased scholarship 
costs and the maintenance
 

of the laboratory assistant anotherfor five months, the funding 

has not yet ;,een received by ROCAP. Fortunately, CATIE was able to 

advance n:he scholarshin money in the expectation of AID-SCI's 

eventual payment, promised for Kay or June. It was also 

necessary, however, to use the funds originally earmarked for the 

writng of the final report to pay the laboratory assistant. It is 

hoped that the funds will arrive from AID-SCI soon enough to not 

cause any further problems. 
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I1. BENCIIHMARK DATES 

April ,1988 	 Termination of entry of existing data in
 

database
 

April-June, 1988 	 Termination of laboratory work 

iay, 198S Analysis of data in database
 

.ay, 1988 
 Final profile descriptions terminated
 

July, 1988 Termination of consultancy by Dr. Ray Bryant
 

August, i9SO 
 Alexis Samudio, Panamanian H.S. student
 

financed by project, completes M.S. thesis
 

September, 1988 Final project report 
submitted
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