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In an investigation 	of the extent to which predictive soil property relationships can
 
be relied upon in characterizing soils of the tropics classified at the reconnalsance
 
level, 9 to 15 soil 	properties, of 370 horizons, from 84 Puerto Rican profiles, were
 
studied by correlation and multiple linear regression. The soils represented six orders
 
of the new U.S. Soil Taxonomy (7th Approximation): Vertisols, Mollisols, Alfisols, In­
septisols, Ultisols, and Oxisols. Multiple regression equations were formed from the
 
data of each order, with 15-bar moisture content, CEC, organic carbon, .xtractable iron,
 
and base saturation 	as dependent variables. The results indicate that, although it is
 
possible to eliminate certain properties from tropical -soil data acquisition and still
 
adequately characterize the.soil, the specific propertiee that can be successfully

eliminated depend on the soil order.
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ABSTRACT dependent variables. The results indicat- that, although it Is 
possible to eliminate certain properties from tropical soil datu 

In an investigation of the extent to which predictive soil • cquisition and still adequately characterize the soil, the specific 
property relationships can be relied upon in characterizing soils, properties that can be successfully eliminated depend on the 

of the tropics classified at the reconnaissance level, 9 to 15 soil order.
 
soil properties, of 370 horizons, from 84 Puerto Rican profiles,
 
we.e studied by correlation and multiple linear regression. The Additional Index Words: multiple linear regression, Oxisols
 
soils represented six orders of the new US Soil Taxonomy (7th Ultisols, Vertisols, Inceptisols, Alfisols, Mollisols, tropical soils. 
Approximation): Vertisols, Mollisols, Alfisols, Inceptisols, Ulti­

sob, and Oxisols. Multiple regression equations were formed 
arefrom the data of each order, with 15-bar moisture content, "iXTENSIVE AREAS of the tropics contain soils which 

CEC, organic carbon, extractable iron, and base saturation as JE2 unmapped or have been mapped only at a reconnais­

sance3 level. Although this lack of basic information points
1Agronomy paper no. 891. Contribution from'the New York to the need for rapid soil data acquisition, consideration 

State College of Agr., Dep. of Agron., Cornell Univ., Ithaca, 
must be given to the limited resources available. The worksNew York 14850. This study was supourted in part by a Ford 

Foundation Grant and by the US A'jency for International De­
velopment as a part of the research under contract Csd-2490. 3The term reconnaissance in this paper refers to soil surveys 
Received March 15, 1972. Approved April 18, 1972. with map scales at about 1:100,000 to 1:1,000,000 and with 

2Graduate Research Assistant and Professor of Soils, respec- map units defined at high categorical levels, e.g., the order level 
tively, of the new US Soil Taxonomy (7th Approximation). 
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Table 1-Soil properties and codings 

A. 	 Properties Derived from Field Data(discontinuous codenuwbers are asociatd with 
intermediate property values) 

Depth(DEP): codemeanhorizon depthto nearest centimeter. 
Color value (CV)s codevalue reported 

Structural grade (GD): 
I-singla grain or massive 3-weak 7-strong 
2-very weak 5-moderate 8-vnry strong 

Size of structural unit (SZ): 

i-very fine 
3-fin. 

I-eyfn -elm 
3-medium 
7-careSC 

9vr ore 
9-very coarse 

Shapeof structural unit (SH)t 
I-platy 
2-prismatic or columnar 

4-.aular blocky 
6-asuangular blocky 

8-granular 
9-crumb 

Moist consistence (MC); 
I-loose2-ver e2-very friable 

3-friable
5-frm8-extreely
5-firm 

7-very firm
firm 

8-etrmety firm 

Sticky consistence (SC): 
1-non-sticky 
3-slightly sticky

Plastic consistence (PC)1 

5-sticky 
7-very sticky 

P-non-plastic 5-plantic 

3-slightly plastic 7-very plastic 

B. 	 Properties Derived from Liboratory Data (SoilConservation Service. 1967a) 

Clay (CL): codepercentage reported 

Solt reacHon 4)H)scodevalue determined by"Soil suspension, water dilution 1,1' 
15-bar moisture content (15W): code percentage determined by "Pressure-mem-

brans extraction, (15barsC0 
Cation exchangecapacity (CEC)i codemeq/100 g determined by 5OAc. 7.0,NH pl 

direct distlllation" 
Organic carbon (CC): codepercentage determined by ,Acid-dichromate digestion, 

FeSOttratlon, 
Extractable Iron iFe): code percentage determined by Dithionit-citrate extraction, 

orthophenanthroline rolorimetry" 
B31se saturation (S)t code perceAtagedetemginedby NIIOAc, pH7.0" 

of researchers such as Sarkar, Bidwell, and Marcus (1966); 
Amiel (1970) suggestSwindale (1967); and Banin and 

that statistical relationships among various soil properties 

could be employed to expedite soil characterization. This 

study was undertaken to investigate the extent to which pre-

dictive soil-property relationships could be relied upon in 
characterizing reconnaissancecdoff, soil 	 units of the tropics. 

through correlation and
approachedThe objective was 

multiple linear regression (Draper and Smith, 1966). Ap­

plied to soil data, correlation and multiple regression indi-
cate whether the measured values of one or more soil prop-
erties can be used to reliably predict the value of other soil 
properties. If, for example, an equation containing two 
measured soil properties could reliably predict the value of 
a third soil property, there would be little reason to meas-
ure this third property for soil characterization. Moreover, 
if measurement of a few selected soil properties could pro-
vide nearly the same interpretive descriPtion of reconnais-
sance soil units as measurements of a more complete list of 

soil prpertes, then the time, energy, and cost required for 
re-characterizing soils in the tropics could be substantially 

duced. This is especially true if the selected properties 

could reliably predict soil properties that would otherwise 

require costly laboratory analyses. 

PROCEDURES 

Samples of reconnaissance soil units were obtained by group-
ing 84 soil series from Puerto Rico into six orders of the new 
US Soil Taxonomy (7th Approximation): Vertisols, Mollisols, 
Alfisols, Inceptisols, Ultisols, and Oxisols (Soil Survey Staff, 
1960 and 1967). Published morphlicogical and laboratory data 
on repesentative profiles of the 84 series were used (Soil Con-
servation Service, 1967b). 

The values of 9 to 15 Iriboratory- and field-determined soil 
in 	each profile, were coded inproperties from each horizon, 


accordance with Table 1. A total of 370 horizons were thereby 
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Table 2-Soil property means and standard deviations 

Orders 
Vertisol Mollisol Alfisol Inceptlol Ultisol Oxisol 

Caselt 99 454 4 " 7 108 79 

prop 
DEP 
GD 
SH 
SH 
MC 

PC 
cv 
CL 
pH 
15W 
CEC 
OC 
Fe 

e 

Mean (ad) 
26.4(18,1) 

4.2( 1.6) 
4.9( 0.4) 
3.3( 0.8) 

58.3( 5.1) 

24.8( 2.3)
41.9(9.1)
0.8( 0.7) 
2.3( 1.0) 

Mean(ad) 
16"4(14.4) 
2.8( 1.4) 

3.5( 1.1) 
33.7(13.5) 
6.7( 0.7) 

16.4( 5.7)
27.0(10.4)
1.1( 0.9) 
2.8( 1.2) 

Mean(ad) 
19.5(14.9) 
3.2( 1.3) 

4.5( 1.0) 
40.8(16.1) 

5.5( 1.0) 
18.0( 7.7)
19.5( 8.9)
0,7( 0.8) 
3.8( 2.1) 

77.1(29.5) 

Mean (ad) 
17.7(15.1)
2.4( 1.4) 

3.9( 1.8)
2.4( 1.1) 
3.3( 1.6) 
4.4( 1.1) 

29.0(16.4) 
5.6( 0.8) 

16.1( 7.4) 
20.8(12.8)
0.9( 0.8) 
2.8( 2.2) 

81.6(31.2) 

Mean (ad) 

25.3(19.3)
3.6( 1.6) 

4.1( 1.3)
2.3( 1,0) 
3.5(t6.4) 
.( 1.0) 

51.7(15.5) 
4.7( 0.3) 

25.0( 6.1) 
12.9( 4.7) 
1.0( 1.1) 
6.4( 3.0) 

22.1(170) 

Mean(ad) 

27.6(20.1)
3.7( 1.0) 
5(1.4) 

5.3( 1.3) 
4.1( 1.0)
2.6(0.9) 
4.1( 1.4) 
3.7( 0.7) 

69.2(13.2) 
5.1( 0,5) 

29.4( 4.8) 
8.7( 3.5) 
1.1( 1.3) 

12.8( 3.7) 
30.1(27.3) 

included, with each horizon's soil property values being punched 

onto a single IBM card. 
The soil property data associated with each of the six orders 

were put separately into a multiple 	regression program (BIO-
MEDICAL, BMDO2R. STEPWISE REGRESSION) on the 

Cornell University IBM 360/65 computer. Each of the six 
program outputs provided: (i) correlations between each pair 

of input soil properties, and (ii) multiple linear regression equa­
(ions, with 15-bar moisture content, cation exchange capacity, 

organic carbon, extractable iron, and base saturation as depen­
dent variables. 

In formulating the equations, laboratory- and field-deter­

mined soil properties were treated so that two types of equa­
tions would result: (i) the dependent property vs. field proper­
ties, and (ii) the dependent property vs. both laboratory and 
field properties. Although clay content and soil reaction were 
obtained by laboratory analyses, they were treated as field­
determined properties. Their importance for prediction has been 

soil data (Philipson and Dros­demonstrated with generalized
1970), and both are commonly estimated or measured inthe field. 

RESULTS 
The means and standard deviations of each soil property 

ad thenumb er o a si e sihorin incle in 
each of the six order programs arecrecorded in Table 2. 

Pairs of soil properties, that occurred in any of the six 
programs and exhibited coefficients of determination, r2, 
greater than 0.500 in at least one of the programs, are listed 
in Table 3. 

Multiple linear regression equations were computed with 

15-bar moisture content (15W), cation exchange capacity 

(CEC), organic carbon (C), extractable iron (Fe), and 

base saturation (BS) each, in turn, serving as the dependent 

variable. The independent variables consisted nf either 
or laboratory- and field-deter­field-determined properties 

mined properties. The coefficients of multiple determina­
tion, R2, and the standard errors of estimates (se) of both 

"field property" and "laboratory and field property" equa­

tions are listed in Table 4. In addition to the R2 and stan­
dard error computed with all independent variables in the 
equation, the table records: (i) the stepwise order in which 

the primary variables entered the equation; (ii) the input 

variable which first provided a cumulative R 2 of at least 

50%; (iii) the iast variable to enter, contributing at least 
5% to the cumulative R2; and (iv) the standard error of 

estimate based on those variables listed. 

For example. in predicting 15-bar moisture content 
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Table 3-Coefficients of determination, r2 

Variable _______________________________ .. ders 

pairs 

DEP vs. OC 
15W vs. CEC 
15W vs. Cl. 
CEC vs. CL 
sc no. PC 

VertIlso 

0. 557t 
0.398 
0.428 
0.033 
0.026 

Mollisol 

9,6 
0.731 
0.812 
0.734 

Allsol 

0.4j2 
0.308 
0.767 
0.187 

Inceptlool 
0.594 
0.557 
0.812 
0.324 
0,619 

Utisol 

-Lap 
0.487 
0.790 
0.379 
0,086 

Oxlsol 

0_4 
66 

1.4m 
0.283 
0015 
0.221 

leW Vs. MC 0.557 0.075 0.103 

sW vs. SC 0.033 0.552 0.089 0.088 

SW v. PC 0.000 0.591 0,045 0.412 
CLvs. MC 0.646 0.177 0.001 

CL vs. SC 0.094 0.530 0.158 0.278 

CL vs. PC 
Is vs. pHl 
Fe vs. 15W 
CL vs. FeOCvs, CgC 

0.002 

0.015 0.45 
0 0.2960. 10 0.305Cv.CC 0.1.0 

0.729 
0.789 
0.5130.036.06 

0.677 
0.694 
0.375 
0.1670.13001070.9 

0,096 
0.218 
0.504 
0.284
0.297 

0,U96 
0.517 
0.008 
0.w
0.702.0 

A blank Indlca-es that one or both of the variables were absent from the particular 

p,'ogram. r.t An underlined value Indicates that r2 is based on a negaflve 

(15W) of Vertisols from field properties, clay content 

(CL) was the most important variable, depth (DEP) was 
the next most important variable, and color value (CV) 
was the third most important variable. All three variables 
were required to produce an R2 of at leas' 50%, (63%), 

and based on these three variables, the standard error of es-
timate was 1.4. With two additional field properties, the 

total equation exhibited an R2 of 68% and a standard error 
of estimate of 1.3.As a second example, consider tile Oxisol laboratory and 

field property equation for 15-bar moisture content (15W). 
With 14 properties, the equation exhibited an R2 of 76% 
and a standard error of estimate of 1.5. The most imp'r-

tant predictive property was plastic consistence (PC), and 
the next most important property was clay content (CL).

R2
Although these two properties produced an that ex-

property-extractable ironceeded 50%, (54%), a third R2 by more
since its inclusion increased

(Fe)-is listed 
than 5%, (17%). With these three variables, the equation 
exhibited an R2 of 71% and a standard error of estimate 
of 2.6. 

DISCUSSION 

Since the 84 soil profiles considered in this study do not 
represent the complete range of variation of any order of 
the new US Soil Taxonomy, relationships presented in this 
report can only be indicative of relationships that may hold 
at the order level. Moreover, since these relativoiships are 
derived from complete profiles, their use for prediction 
should be limited to profile characterization. 

The most useful multiple regression equation represents 
a balance between the lowest number of independent vari-
ables and the highest R2, that portion of the total variation 
of the dependent variable accounted for by the regiession 
equation. Although R2 values of 50% are used as a crite-
rion in this report, the fact that a statistically significant re-
gression equation can account for 50%, or even 90%, of a 
property's variation does not determine whether the prop-
erty can be successfully omitted from tropical soil data 
acquisition. The regression R2 must be related to the prop-
erty's actual variation. If the residual error (i.e., standard 
error of estimate) is still intolerable to the user, he would 
not forego the property's measurement. 

Referring to the R2 values (Table 4), it is clear that most 
equations which contained all independent variables exhib-

Table 4-Order data regression equation, 
Field property equations LAband field propertS equatinlO 

Total EQN Primary portion Total EQN Primary portion 

Ord N': i't(se) Form-RI (so) N II (se) Form-Rt (4e) 

Dep Vart 	 IS-bar moisture content (5W) 

Ver 5 68(1.3) C/DEP/CV-63(l.4)l 8 b6(4.5) 	 CL/CEC-70/DEP/Fe­
83 (0.9) 

Mol 5 85(2.2) CL-81(2.5) 8 89(4.3) CL-81(2.5) 
All 5 81(3.4) CL-77(3.7) 9 94(5.0) Fe-79/CL-91(2.3) 

Inc 8 87(2.7) CL-81(3.2) 12 97(5.4) CL-8I/CEC-b9(2.5) 

Ult 8 83(2.5) CL-79(.8) 12 90(2.5) CL-79/Fe-81(2.2) 
OxI 10 64(2.9) PC/CL-54/SII-60(3.0) 14 76(1.5) ?C/CL-54/Fe-7i(2.6) 

DepVar: CaCton exchange capacity (CEC) 

Ver 5 55(6.1) CV/DEP-50(6.4! 8 76(4.5) 15W/CV-67(5.2) 

Mol 5 78(4.9) CL-74(5.31 8 83(4.3) CL-74(5.3) 

Alf 5 47(6.5) (5 variables) 9 69( .0) Fe/pll-60(5.6) 
Inc 8 66(7.5) SC/plI/DEP-,7/CL-62 12 82(5.4) 15W-56/plI/DEP-73.9) . (6.7) 
U(t 8 48(34) (8 variables) 12 71(. ) ISW/OC-61(29) 

Oni 10 46(2.5) (t0 variabten) 1414 82(.5)2(1)	 OC-70(1.9)Oep var 

IDepVar: Organic carbon (OC) 

Ver 5 67(0.4) DEP-56/CV/SC-66 (0.4) 8 76(0.3) DEP-56/CEC/SC-72 
(0.4) 

64(0.5) 	 DEP/CV-60(0.6) 8 65(0.5) DEP/CV-60(0.6) 
Alf 5 52(0.6) DEP/CL/CV-52(0.6) 9 65(0.5) 	 DEP/Ye-600.5) 

DEP-50/GD/plI/Pt: 

Mol 5 

8 76(0.4) DEP-50/GD/plI/PC-74 12 78(0.4) (0.4) -74Inc (0.4) 
utlt 8 52(0.8) DEP/CV/GDICL-SI(0.8) 12 67(0.6) DEP/CEC-59(0.7) 

Oxi 10 59(0.8) DEP/SZ-53(0.9) 14 85(0.5) CEC-70/DEP-82(U.6) 

Dep Var: Extractable Iron (Fe) 

Ver 5 10(0.9) (5 variables 8 49(0.7) (8 variables) 
8 73(0.6) ISV/oH-59/DEP-66Mol 5 CV/DEP-52/CL/p1I-67 (0.7) 84o.867(0.7) (0.7) 

Aif 5 67(1.2) CL-Si/CV-57(T.4) 9 88(0.7) 	 1SW-79/CV84(0.8) 
Inc 8 45(1.6) (8 variables) 12 82(0.9) 	 ISW/SC-60/MC/B$-75

(1.1) 
ilt 8 	 62(1.8) CLWCV/DEP-57(2.0) 12 76(1.5) 15IW-50/DEP/CV-69 

57(2.4) 	 74(1.7) .SII/CL/MC-55(2.$)o 10 	 14 SI(C'MC-5$/W-642) 

Dep Var, 	 Base Saturaion. (BS, 
4
) 9 82(12) pli-73/DEP-

79
(14)Alf 5 81(13) pH.73/DEP-79(1	 69

Inc 8 78(15) pH-69(17) 12 79(14) pH- (17) 

tlt 8 50(12) (8variables) 12 60(11) pll/DEP/Fj-Sl(12) 
Oxl 10 81(12) pH-52/SH-7(14) 14 85(11) pH.52/SH/PC/Fe-82 

(12) 

N equal the number of independent variables. 
t R3 valueshavebeenmultiplied by 100and rounded to two algnlflcant places. 

field properties In vertlsols, are significantIAll regression equations, except Fe vs. 
at the0.01 level. 

ited relatively high predictive power. Field property equa­
tions did not explain as large a proportion uf the variation 
of the dependent variable as laboratory and field property 

equations, yet in most cases, their R2 values did exceed 
50%. 

15-Bar Moisture Content (15W)-As reported by many 
authors (Petersen et al., 1968), clay content (CL) is gener­
ally a reliable predictor of 15W. Clay content, alone, ac­
counted for 77 to 81% of the variation of 15W in Molli­
sols, Alfisols, Inceptisols, and Ultisols. Although CL could 
account for only 43% of the variation of 15W in Vertisols 
(Table 3), the total variation to be accounted for was rela­
tively low (Table 2). In contrast, Oxisols exhibited a low 
correlation (r2 = 0.283) between CL and 15W. If soil 
characterizations were to omit 15W, with the presumption 
that 15W could be reliably predicted by CL, they would 
likely be in error whenever their source data was heavily 
weighted with Oxisols or comparable 1:1 clay soils. 

Cation Exchange Capacity (CEC)-With laboratory and 
field properties, one or two variables were sufficient to ac­
count for over 50% of the variation of CEC in every order; 
without laboratory properties, only the Vertisol, Mollisol, 
and Inceptisol equations could explain 50% of the varia­
tion. It is interesting to note that only Mollisols exhibited a 
high correlation (r2 = 0.734) between CEC and clay con­
tent (CL), and that only Oxisols exhibited a high correla­
tion (r2 = 0.702) between CEC and organic carbon (OC) 

http:CL-74(5.31


818 SOIL SCI. SOC. AMER. 

(Hallsworth and Wilkinson, 1958). It is obvious that clay 

mineralogy has a direct bearing on the capacity of CL to 

predict CEC (Helling et al., 1964), and with the exception 

of Oxisols, OC appears to be an unreliable predictor of 

CEC. 
Organic Carbon (OC)--The inclusion of one or two var-

iables in the laboratory and field property equation of eah 

order was sufficient to account for at least 50% of the var-

iation of OC; moreover, the primary variables in the Verti-

sol, Mollisol, and Inceptisol equations were field-, rather 

than laboratory-determined, properties. In contrast, with 

only field-determined properties, the Oxisol, Alfisol, and 

Ultisol equations required two, three, and four variables, 
the most importantrespectively. In that depth (DEP) was 


predictive property in 11 of the 12 equations, it is thought 


that a nonlinear model, e.g., log (OC) = a + b (DEP), 


would provide substantial improvement in the prediction 

of OC. 


Extractable Iron (Fe)-Although neither Vertisol equa-

tion could explain 50% of the variation of Fe, only one 

variable was required with both Alfisol equations, two var-

iables with both Mollisol equations, and three variables 

with both Oxisol equations. In' Ultisols, 15-bar moisture 

content (15W), alone, accounted for 50o of the variation 

of Fe; without laboratory properties, three variables were 

required. The importance of laboratory-determined proper-

ties was best evidenced in Inceptisols: with laboratory 

properties, two variables explained 60% of the variation of 

Fe, but without laboratory properties, eight variables could 

explain only 45%. The fact that 15W was often a primary 

variabic in predicting Fe is partly attributed to the associa-

tion between Fe and soil structure or aggregation (McIn-

tyre, 1956). In this context, shape of structural unit (SH) 

was the most important predictor of Fe in Oxisols, the only 

order which contained SH as an input variable, 
Base Saturation (BS)-Soil reaction (pH), alone, ac-

counted for over 50% of the variation of BS in Alfisols, 

Inceptisols, and Oxisols. In contrast, to explain 50% of the 

variation in Ultisols, the equations required three variables 

wh.e- laboratory properties were included and eight varia-

bles when they were not. Although reasonable estimates of 

BS can generally be obtained from measurements of pH, 

the low correlation (r2 = 0.218) between BS and pH in 

Ultisols indicates that this relationship cannot always be 

employed successfully. (Neither Vertisol nor Mollisol data 

contained BS.) 

CONCLUSIONS 

the results of this study have inherent limita-Although 
15 	soil properties were considered,tions (e.g., only 9 to 

were small and non-linear 	models were not
sample sizes 
investigated), they point to the potential of regression analy-
sis for expediting soil characterization, they emphasize the 

potential for error, and they suggest one means of alleviat-

ing this error. 
The potential of regression analysis is demonstrated by 

the fact that equations comprised of only clay content, soil 

reaction, and field-determined properties could provide 
reasonable estimates of: organic carbon in Inceptisols; cat-
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ion exchange capacity in Mollisols; base saturation in Alfi­
sols and Oxisols; and 15-bar moisture content in Mollisols, 

Alfisols, Inceptisols, and Ultisols. Further, the inclusion of 

only one laboratory-determined property in the regression 
equations of most orders was sufficient to provide reason­

able to good estimates of these properties, as well as of 

extractable iron. 
The results of this study also emphasize one obvious, yet 

easily overlooked, source of error: a soil property that can 

be reliably predicted in most soils provides no guarantee 

that it can be reliably predicted in all soils. Although rea­

sonable estimates of 15-bar moisture content or base satura­

tion could generally be obtained from equations which 

contained only clay content or soil reaction, clay content 

provided a poor estimate of 15-bar moisture content in Oxi­

sols, and soil reaction provided a poor estimate of base sat­

uration in Ultisols. These findings indicate that soil prop­

erty values cannot be reliably estimated by regression equa­

tions w,.ich have been derived in an indiscriminate manner. 

Contending that the reliability of predictive soil property 

relationships, derived from any group of soils, will increase 

as the degree of homogeneity of the soils in the group in­

creases, it is proposed that 	soils be classified, if only at a 
they are subjected to regressionreconnaissance level, befpr' 

analyses. Predictive soil property relationships can thereby 

be derived from, and assigned to, the respective soil classes. 

In this study, soils were grouped into orders of the new 

US Soil Taxonomy (7th Approximation)-a comprehen­

sive classification system for which relatively few property 

measurements are required to classify a soil at this categor­
errors associated witi regrcssion can beical level. If many 

alleviated by some degree of prior soil classification, and 

if a profile description and a few property measurements 

all that is required to place a soil into a meaningful asare 
well as repeatable soil class, there is ample justification for 

establishing soil classes before regression analyses are ini­

tiated. This is not to suggest that regression must be treated 
conventional soil ciassification system.in the context of a 

aConceivably, aerial photographic analysis would provide 

suitable means by which to separate sufficiently homoge­

neous soil units at high categorical levels. 
Whether soil property relationships derived from Puerto 

Rican soils are valid elsewhere in the tropics remains to be 

tested. It is expected, however, that if a particular soil in 

Puerto Rico can be classified in accordance with an accept­

able classification system, its property relationships should 
of the tropics.be comparable to a similar soil in any area 

If predictive soil property relationships can be established 

region of the tropics and applied in a second, the
in one 
time, energy and cost of soil characterization in the tropics 

could be substantially reduced. 
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