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Nov.l, 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 ~ere sent to the SCS laboratory in Lincoln, Nebraska for 

mineralogical analysis; P retention isotherms of the thirty soils 

specified 

correlated 

in the project have been completed and these results 

~jth other soil properties; and -a second M.S. student 

began his research activities; and most of the sites for the field 

experiments to be carried out beginning in September, 1987, have 

been selected. 

A.Field Experiments at CATIE 

As a preliminary to the field experiments to be carried 

out on soils of differenl mineralogical characteristics in the 

final phase of the project, a prototype of these field expp.riments 

was planted at CATIE in January, 1987. As was pointed out in the 

fHC\ ious interim report. the unavailability of the project 

v c:' ! c] e . ... ·;Iich finallY die arrive in April, 1987, precluded field 

0xpcrlmr~t~ ~t otner sites in this period as originally proposed. 

-":f!n:-: -- ~:larE:!cr(lristics of the CATIE soil had been studied in 



the H.S. thesis of Ing. \·.'ilbert Campos; and the soil appeared to 

hove the characteristics 0: P retention by both precipitation and 

Udf;()rptior. mechanisms identified in the project as a 

~. II ;! rue t (' r i s tic 0 f s eve r a 1 C e n t r a 1 A mer i can s 0 i Is. S eve r a I 0 f the 

:redtm~nts tested by lng. 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, foliar 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 

- 1 ha P)gave significant positive effects on bean yield. P 

imbibition had a significant negative effect. The interactions, 

imbibition X varieties, imbibition X liming, and imbibition X P 

were all significant. These interactions, summarized in Tables la, 

lb, and le show that in the absence of liming and P fertilization. 

seed imbibition of Phosphorus (3 hours in a solution of K
2

HP0
4

, 

COnltlilling 8000 ppm of P) did increase bean yields, showing that 

t~e practice may have some validity where neith€~ liming nor P 

fertilization is feasible. Despite the use of only one replicate, 

precision was acceptable (C.V. ~19.87%). Foliar samples of the 

heans are presently being analyzed and will be used for a more 

complete evaluation. 

The second experiment combined a complete factorial ( 2 3 

( liming, foliar P, and seed imbibition) with five levels of 

fertilizer P ( 0, 150, 300, 450, and 600 kg ha- l of P) in a split 

plot exper.ment with two replicates. Thus, considerable precision 

was 8vnilable for the P response curve which could be combined 

with the P adsorption isotherms to de~ermine external P 
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I' J. ; 11 ~lysis o f V~riance nnd Principal Sig nif ica nt Effects 

of the 3 X 26 Exp erime n t 

\;! , , ,, ' V,1riut ;( ' 11 IlF SS ~IS F 

, 1 I \ ' 1 \ ~ 2 2115430 1057 9 15 17.97"" 
!. ! 'Ii 11 1 308481 3084 81 5.24-
.; ( i l ,. ,l jJJl Jic:.l tioll I 5923480 5923480 100 . 6"" 
!- ' -' I 1 " r I' 1 138675 138675 2.35( n.5 . ) 
~ (> I ,' d imil lhl Lion 
" ! , r.\11q 639870 639870 10.87 •• 

, II!" • " Lir,i n U 2 2564 7 128 23 U.21 (n. 5. ) 
rilr!i " Sed 1 I' 2 466 362 233 181 3.96" 
\'11 r s X ]. u 1 . P 2 827 414 0.007 (n. 5 . ) 
\' ,\ r :", . 

.. 
~(:t' d P 2 633244 316622 5 .37-.. 

Llr.illil 
.. 

I' 1 29601 2960 0 . 50 .. 
" , , Fol iar P 1 850 850 0 . 014 L . I f: 11 

L! :II • I, ,: X See d P 1 389520 389520 '6.61-

, :J • ! I X fol iar P 1 2523 ~523 0.04 
;~ ., 1 I P X Seed P 1 420751 420751 7.14-: \' ; ! I' X Seed P 1 54675 54675 0.92 

1~'!,I{ll1 .; 1 27 1589072 58854 

------------- --- -------_._-----------------------------------------
In. r ~riulal Effects ( kg/h a beans at 16: moisture) 

1 eA Pij ao 
1 eu/,eu 
PUF ULA 152 

~~ea n 
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1046 
1108 

Effect of 

-p 

1036 
719 
863 

Soil P Effect of Seed 
Imbibition 

+P -Imb +Imb 

2001 1746 1291 
1373 1207 885 
135 2 1065 1149 ------- --- --- -----------------------------------------------------

1!1 . :ir, in i:ffects 

-! H!: 1339 
.1:·11: IJ Ug 

(kg/ li B beans at I6 : rnois tllTn ) 

- I' 873 
+ 1' J576 

-I.imi ng 1146 
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-Foliar P 1278 
+Foliar P 1170 

.. _---- -----------------------------------------------------------It, I.iming Effects 

:; " 1.11:1 (' 

\"1 1 1\ I. inl! · 

(kg/ha beans a t 164 mo ist ure) 

- 1 ~'1 : . +JIIA -l11B, +HI B, 

-Soll I' - Soi l I' + Soil P + So i 1 P 
----------- ---------------------------------------() 7 J 

I I I " 
J66 8 
]902 

J373 
J360 
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using the method of Fox ( 1981). External P requjremenlS 

r<'qllirement for the ICA-Pijao variety without soil amendments or 

:- I.' (. Ii l r C <J t men l w II S fa un d tab eO. 084 ppm Pin the 

> . .'11 solution which compares well with the value of 0.08 reported 

lor the ICA-llu8snno variety by CIAT (1977) in Colombia on a soil 

of volcanic origin, like the one used in the present study. 

Interpretation of the effect of liming is complicated by the fact 

lhat 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 sludy. 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 is 

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 first 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 all levels of applied P 

in the limed plots. It should be noted that Friesen II l!.L.. 

observed this effect only at higher levels of lime application 

as were used in the present study ( 5 t ha- 1 ) 

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 consequently reduced the 

external P requirement somewhat. 
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j II /. i g u r (' 2. per c e n t m u x i mum y i e 1 d S Cl rep lot ted a g a ins t PIe \' e 1 s 

in tnt> soil solution as cCllculuted from the isotherms for limed 

unlimetl soil for four treatments Control. liming, seed 

: ': II 1 iJ i l i 011 , nnci foliar P application). The curves for the 

fC'maininr, four treatments are prese:1ted in Figure 3. 

All of the values for the external P requirement only vary from 

(\.082 to 0.093 ppm. which appear to be quite reasonable. Lower 

values mjght 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 yenr of the experiment referred to above( CIAT. 1978). 

B. M.S. Thesis of Wilbert Campos. 

A ~j. S . thesis based on the greenhouse screening 

component of the project was submitted to the CATIE-University of 

Costa Ricn graduate program by Ing. Wilbert Campos, who received a 

scholarship from the project. The the sis :w a s ·e n tit 1 e d 

"~Ianipulacion del cultivo del Frijol (Phaseolus vulgaris L.) para 

superar diversos mecanismos de retencion de fosforo en suelos de 

Centroamerico". 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 I!umitropept with high levels of both exchangeable 

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 

nutrients necessary 

the three soils was studied. the amounts of 

to achieve desirable levels in each of the 

soils was studied. P retention isotherms were determined for each 
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S(JjJ in the \,et Clnd dry and limed i)nd unlimed states. 

In the sec one! phase different formulations and 

,,' ','ntrntiolls of pho~phorlls cont<!ining solutions as well as times 

J r:1I): Li t 1 on evaluated to determine the P-source, 

( I) II C e n 1 r LI t ion. and imbibition time which most increased P content 

. ! !. h out dec rea s j n g v i a b iIi t y • 

The third phase was a greenhouse experlment in which 

I lIT' in g , four bean genotypps, 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 th8n chemical properties, such as Pretention 

2) P retention of all three soils was quite high, about 

90% as determined by the isotherms. 

3)llighest increase of P content of the seed and 

germination was achieved by imbibition for three hours of a 

solution of potassium phosphate (K
2

HP0 4 ), containing 8000 ug/ml P. 

4) Liming was especially effective in increasing P 

uptake in beans in soils with high levels of exchangeable 

aluminum. It has less effect in soils ~ith 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. 



:'linera1ogical Analyses of Soil Samples by SCS Laboratory in 

Lincoln, Nebraska 

During the months of November and December, 1986, the 

~~ronomist paid by the project worked at the destruction of 

crganic matter and separation of clays on 90 samples, representing 

lJO 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, 

Nebrr.ska, 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 in'structions of Dr. lIari 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 charecterics identified as important 

in the project. There is 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 ~nly to 

the project but also to SMSS. 
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~. \.orrclation of P retention with other soil characteristics. 

~orking with some 37 soils which are being characterized by 

, i l (0 pro j e c t, the c hem i 5 t fro m the Un i ve r sit Y 0 f Cos taR i c a, who is 

:.1 II e 0 f the 'p art i c i pan t 5 in the pro j e c t I carried out ten 

:;ifferent determinations of properties which were then correlated 

~ith P retention as determined by isotherms and the New Zealand P 

retention determination. These results are presented in Tables 3 

und 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 use of this measurement in non -Andepts has 

been criticized (Kimble,Holzhey. and Holmgren, 1984). Aluminum 

extracted by acid oxalate, which has been considered a betLer 

measure of amorphous aluminum correlated better with New Zealand P 

retention than with isotherm-determined Pretention. Strangely, 

the correlation with P retention by isotherms improved somewhat 

while that with New Zealand P retention decreased somewhat when 

on]y 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 

I'; KOll , which is supposed to characterize andic properties better 

than ~aF (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 retent.ion. The two determinations were more highly 
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;orlcloted (r = 0.86) in all 37 soils than in just the Andepts ( r 

,. I). 13 0) . 

l. _ i-I. S. The sis 0 f Ale xis Sam u d i 0 

The other student who receives a scholarship from this 

project has begun his thesis work using a soil from the Caizan 

region of Panama I ".fhich is the major bean-growing area of that 

country. 

low-levels 

retention. 

The soil has andic 

of exchangeable aluminum 

properties, 

and moderate 

relatively, 

levels of P 

lng. 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 lime 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. Fiel~ experiments will begin 

in October, 1987, which corresponds to the planting date in that 

region of Panama. Preliminary ~est 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 ex~eriments similar to the ones carried out in 

Turrialba and planned for Panama are scheduled to be planted 

beginning 

San Vito, 

in Septemb~r, 1987,in the following sites: San Isidro, 

areas 

Rican 

sites .. 

Fraijanes, Rio Frio, Puriscal , San Carlos. Experimental 

the University of Costa Rica and the Costa 

Agriculture are available at most of these 

belonging 

Ministry 

Planting 

to 

of 

dates for beans vary somewhat, 

-8-
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to December, over these sites. 

II. 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 soil analyses from SMSS will 

somewhat enhace the scope of th~ project because there is 

apparently more information available than was originally thought. 

The arrival of the project vehicle has been a great help 

in carrying out diverse activities. However, there have been some 

unanticipated expenses associated with insuring the vehicle ~nd 

obtaining another set of keys when the originals disappeared from 

the vehicle while it was parked in the CATIE garage. 

The laboratory equipment ordered by the project has 

arrived in Costa Rica and should be released from customs by th0 

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

report, 

A m 0 res e rio u s pro b 1 em, men t ion e din the p r C' \' i 0 \! fi 

is the increase in the cost of maintainin b a sturiC'nt nt 
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CATIE. The money budgeted for student scholarships will not be 

sufficient to support Ing. Sarr.udio 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. 

III. BENCHMARK DATES 

July, 1987 wi1bert 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 planted 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 Car10E 

Experiments in Puriscal and San Isidro 

harvested 

January, 1988 Experiments in Panama and San Vito harvested. 

-10- I J} 
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Arrival of Dr, Ray Bryant 

:-1 (j r c h, 1988 All field experiments harvested 

April, 1988 Analysis of results for final report begins. 
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