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ABSTRACT
 

The incompat:b:1ioy between the
 

requirements of o:i scientists, VIz.
 
permanent s-:-I haracters found essentlaily
 
in the subsoi_, and those of the
 
agronom:sts, ,:z. fert:i.ty parameters found
 
:n t; e topso , are expia:ned. The dilemma
 
is between the type cf :nformation given by
 
the soli s:en:so wh ch :s often not
 
directiy rejevant to immediate practicai
 
issues and the agronomist's hope of f nding
 
a universai so:i test, which :s unreailstic
 
if not related to other soil properties.
 

Most of the data needed by the 
agronom:is could be found from a sc i map. 
However, essent:ai rrnpero:es such as 
surface texture or pH are not speclf:cally 
expressed in s5:i classificat:ons. Soli 
fert:lty parameters are mostly found ,n the 
topso:i and have been i:sted to form tre 
Fert:Li-y Capab.l:ty Ciass:f:oao:on (FCC 
system. Using and test:ng the 7CC :n tne 
last ten years has proved a rewarding 
exercise. It nas made f' possible to group 
together so:lis wh:ch are homogeneous enough 
in these propert:es t: allow so:i management
 
decisions tc b-, taken. The interactive
 
computer software programs now ava:iabIe for
 
personal computers should greatly fac:1;tate
 
its use :n the future.
 

http:fert:i.ty
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In like fashion, the upper few centimeters are
 

excluded from soil taxonomic consideration, again with
 
a few notable exceptions such as categories that
 
utilize various epapedons for class criteria. The
 

family category of Soil Taxonomy specifically avoids
 
the surface layer in most soils by defin:ng a control
 
section from 25 cm to 100 cm.
 

It is really not very useful to argue about
 
whether or not more attent:)n ,c;ds to be paid to the 
subsoil by the agronomist. In several regression 
studies of variabies affectang row crop yields, the 

propertto. of the tosoai ae always mere significant 
to cr.op growth than subs3ai. propertles. It can be 

argued that only satisfactory subseii properties are 
incorporated an the selection of suitabie sites. The 
felly of pro0iungang !,e argument as that the 
agrcnomist has aimos no technoiogy to cha;ige most soil 
properties below piow decth or subsoiling depths of 

perhaps 50 cm. Althoug; so:.. scientists are fond of 

p',ntang out the :omp etely ccntrolling anfluence that 
shallow bedrock, fragapano, durapans, etc. have on land 

use, we have to remember trat these choices of land use 
have already beer mace before the working agronomist 

gets involved. :n fact much of the dasregard given 
so-" survey anformatiorn stems from the fact that 

wathin any local area ms' of the soils that are 

antensavely used for a crop are s:milar in many 
respects, and those soiIs not responding to
 

conventional management are not used for cultavation.
 

SOIL PROPERTIES - AGRONOMIC OPERATIONS
 

No attempt will be made to create a def:nitive
 
list of management practices and of how the presence,
 
absence, or degree of a given soil prcperty influences
 
the agronomic operations. However, there are a few
 

7
categories of problems -hat think we :an address.
 
One p-ent:al area :s that of fane-tunang soal test
 

anterpretataons. All soil test procedures attempt to
 

extract an arbitrary fraction of several elements from
 

a soil sample and then predict how muc~h fert:1:zer w:ii
 
be needed for 60 to 120 days, or longer. 7nere are
 

many situations where this works very we-; hut the
 

real problems result when in-erpretataons are made in
 
sol materiai whacn is not a.ke the so:a :nere he
 

calabration was developed. The imnulse a: the
 

agronomist has been to ook for a unaversa. ex'.ractant,
 



FCC AND [IS UTILIZATION -,I 

them almost everyth:ng they wanted to know from. what we
 

would expect ;n a map unit description. i couid not do 

this from a taxonomic placement, regardless of the
 

classification system,pr mariy because of the question
 

that erierged to be numbcr one among the agrono-ists.
 
Simply, they wanted to know: What is the surface
 

texture? As one .ndivi ual put It, "i fir st ;zve the 
soli a kick to see what the texture is." i concluded I 

did not have to be toc precise about texture if It
 

could be done with a kick, but I had better lead off a
 
soli desorption by gavng a surface texture :f i a'. to
 
get an agronomist's atte-n- n.
 

After rather jna n mus ag.-eement on surface 
texture, the backgroun " te andividuais made for a 
rather diverse i.s f n:erns. Certa:nly pH was hagh 
on the list, as was subsot - texture, soi test levels, 
past culturai prac-:ces, arc ra:nfaii and tempera'ure. 
!t became apparent nat wrat gror,omasts wanted to rnow
 
about soiis was far less onan the soli surveyor had to
 
have to class, Bya S: . Many of the analyt cai 
methods preferred were not the same. :he una-,s of
 
expression were d fferent, and there was a host of
 
reasons wny they i:d nzt reIate to tne var ous soi
 

survey reports.
 

Most of these apparent problems faded, however,
 

when the agronomasts were asked to put "quanc-itatave
 
crateria" on their categories of "high ?-faxang soils",
 
"rapadly leached solis", "wet soils", e'c. It was 

obvious that they had almost no cred.atbie way 'f 
communicating with each other. Consequen-iy, they did 

not communicate well, and T think ev:dence of this lack 
of communacat:on :s reflec-ed in verbal and pubi:shed 
statements to the effect that "t!nas is the practace to 
use in state X, while in state Y or county anotherV 


practace is to be preferred." It seems agrono:mosts can
 
usually agree on the politacal boundaries on a map, but
 
that does not appear to be a scaentif:caliv satasfy a ng
 

way to communicate cause and effect of zo: management
 
techniques.
 

What followed was a series of appoxamat:ons to
 

express the concerns of agronomists n a forma fashaor.
 
and with quantitat:ve class lamats. As we aii now
 
know, essentially al so i properties form a contanuous
 
soiid series and any class i±m:a is going to fat better
 

in one part of the world 'nan in another. Thus the
 

limits used an FCC have been arrived at e:her because
 
they can be conveniently borrowed from Soa Taxonomy or
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e (low cation exchange capacity): applies only to 
plow layer or surface 20 cm, whichevpr is 
shallower: CEC 4 meq./100 g soil by bases + KCI­
extractable Al (effective CEC), or CEC 7 meq./100 

g soil by cations at pH 7, or CEC 10 ineq./lO0 g 
soil by ca .-ons + Al + H at pH 8.2; 

a (aluminum-toxicity): 6G% Al-saturation of the 
effective CEC within 50 cm of the soil surface, 
or 67% acidity saturation of CEC ;y cations at 
pH 7 within 50 cm of the soil surface, or 86% 
acidity saturation of CEC by cations at pH 8.2 
within 50 cm of the soil surface, or pH 5.0 in 
1:1 H20 within 50 cm, except in organic soils 
where pH must be less than 4.7; 

h (acid): 10-60% Al-saturation of the effective 
CEC within 50 cm of soil surface, or pH in 1:1 
H20 between 5.0 andj.0; 
(high P-fixation by iron): % free Fe203/% clay 
0.15 and more than 35% clay, or hues of 7.5 YR 
or redder and granular structure. This modifier 
is used only in clay (C) types; it applies only 
to plow-layer or surface 20 cm of soil surface, 
whichever is shallower; 

X (X-ray amorphous): more than 1.4% oxalate 
extractable Al or a pH 10.6 in IN NaF in the top 
20 cm; 

v (Vertisol): very sticky plastic clay: 35% clay 
and 50% of 2:1 expanding clays, or severe topsoil 
shrinking and swelling; 

k (low K reserves): 10% weatherable minerals in 
silt and sand fraction within 50 cm of the 
soil surface, or exchangeable K 0.20 meq./100 g, 
or K 2% of bases, if bases 10 meq./100 g; 

b = (basic reaction): free CaCO3 within 50 cm of 
soil surface (effervescence with HCI), or pH 7.3; 

s (salinity): 4 mmhos/cm of electrical conductivity 
of saturated extract at 251C within 1 m of the 
soil surface; 

n (natric): 15% Na-saturation of CEC within 50 cm of 
the soil surface; 

c (cat clay): pH in 1:1 H20 is 3.5 after drying 
and jarosite mottles with hues of 2.5 Y or 
yellower and chromas 6 or more are present within 
60 cm of the soil surface; (only used in Cg and 
Cg' substrata); 
(gravel): a prime (') denotes lo-35% gravel or 
coarser (2 mm) particles by volume to any type 
or substrata type texture (example: S'L = 
gravelly, sand over loamy; SL' = sandy over 
gravelly loam); two prime marks (") denote more 
than 35% gravel or coarser particles (2 mm) by 
volume in any type or substrata type (example: 
LC" = loamy over clayey skeletal; L'C" 
gravelly loam over clayey skeletal); 
(slope): where it is desirable to show slope with 
the FCC, the slope range percentage can be 
placed in parentheses after the.last condition 
modifier (example: Sb (1-6%) = uniformly sandy 
soil, calcareous in reaction, 1-6% slope). 
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suggested for upland agrlculture (Table 2) and paddy
 

rice cultivailon (Table 3). However, :n ar operational
 

setting local editing and modiflcation by local
 

agronomists are highly desirable.
 

Table 2. FCC sample interpretation. (Sanchez et at.,
 
1982)
 

S: 	 high rate of infiltration, low water-holding
 
capacity.
 

L: 	 medium infiltration rate, good water-holding
 
capacity.
 

C: 	 low infiltration rates, good water-holding
 
capacity, potential h gh runoff if sloping,
 
difficult to till: when i modifier is present,
 
these (Ci) soils are easy to till, have high
 
infiltration rates and low water-holding capacity.
 

0: 	 artificial drainage is needed aad subsidence
 
will occur; possible micronutrient deficiencies;
 

high herbicide rates usually required.
 
SC, LC, LR, SR: susceptible to severe soil degradation
 

from erosion exposing undesirable subsoil; high
 
priority should be given to erosion control.
 

Interpretation of modifiers:
 

When only one modifier is included in FCC unit,the
 

following limitations or management requirements apply
 

to the soil. Interpretations may differ when two or
 
more modifiers are present simultaneously or when
 
textural types are different.
 

g': too wet for upland use unless expensive protection 
is provided. 

g: denitrification frequently occurs in anaerobic 
subsoil: tillage operations and certain crops 

may be adversely affected by excess rain 
unless drainage is improved by tilling or other 
drainage procedures: good soil moisture regime 
for rice production. 

d: moisture is limiting during the dry season 
unless soil is irrigated; planting date should 
take into dccount the flush of N at onset of 
rains, germination problems are often experienced 
if first rains are sporadic. 

e: low ability to retain nutrients against leaching, 
mainly K, Ca and Mg; heavy applications of these 
nutrients and of N fertilizers should be split; 
potential danger of overliming. 

a: plunts sensitive to Al-toxicity will be affected 
unless lime is applied; extraction of soil 
water below depth of lime incorporation will be 
restricted: lime requirements are high unless an 

e modifier is also indicated; this modifier is 
desirable for rapid dissolution of phosphate rocks 
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CEC, low ability to supply K; availability
 
of K should be monitored And K-fertilizers may
 
be required frequently for plants requiring high
 
levels of K.
 

Lgth: good waterholding capacity, medium infiltration
 
capacity;limitations in drainage so that tillege
 

operations and some crops may be adversely
 
affected unless drainage is improved by
 
tilling or other procedures; strong to medium
 
acid soil: liming required for some crops;
 
excellent soil for flooded rice, as acidity
 
will be eliminated by flooding.
 

LCaegk:erosion or other removal of surface soil will
 
expose undesirable clay-textured subsoil;
 
drainage limited so that tillage operations and
 
some crops may be adversely affected unless
 
drainage is improve4 by tilling or other
 
procedures; low ability to retain nutrients for
 
plants, mainly K, Ca, Hg; heavy application of
 
these nutrients and N fertilizer should be
 
split; plants sensitive to Al-toxicity will be
 
affected unless lime is deeply incorporated;
 
however, deep liming practices are difficult
 
because of clay-textured substreta; low
 
ability to supply K; availability of K
 
should be monitored and K fartil'zers may be
 
required frequently for plants requiring high
 
levels of K.
 

L: excellent soil with no major fertility
 
constraints; N deficiency likely with intensive
 
use.
 

Table 3. 	Sample interpretations of FCC condition
 
modifiers for rice Lultivation in aquic
 
soil moisture regime. (Sanchez and Buol,
 
1985).
 

Modifier Limitations or management requirements
 

g = Defines wetland soils. Preferred moisture regime
 
for rice cultivation.
 

g' = Prolonged submergence causes Zn deficiency.
 
d = Topsoil moisture limited during dry season unless
 

irrigated. Generally only one rain-fed rice crop
 
can be grown a year. Irrigated rice during the dry
 
season has higher yield potential and responds to
 
higher N rates.
 

k = Low inherent fertility because of low reserves
 
of weatherable minerals. Management levels higher
 
than in soils without this modifier. Potential K
 
deficiency depending on base contents of irrigat­
ion water.
 

e = Low ECEC reflects less gradual N release, more
 
exacting N management. Identifies degraded paddy
 
soils with SLa or LCa and low organic matter
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recent three-volume publizat-on of "Land -:n Tropical
 
America" by Cochrane e a., 1985. A-' of he FAO
 
world soil map units in Africa have been converted to
 
FCC units in preparation for compil-ng interpretive
 
maps of Africa. FCC groupings have been tested as
 
guides for N fertilizat:on of lowland r.-e (Lin, '984)
 
and P and K ferti: zati:n of lowland rice (Lin, 1985)

in Taiwan. nC been used to evaluate the extent of
has 

soil constra:nts ian-hez and Cozhrane, 195?; 7rangmar
 
et al., 1984) and as a bas:s for evaluating future
 
fertilizer manufactr:ng requ~rements f-. Kaddar, 1981,
 
personal commun::a--c-s1. Ieveral studies nave used
 
FCC to s:. regi:ons as tre for
group ,maler asis 

further tezhn-:Zy ar.3 fer and resear'h Oliveira, 
1978; Avi j _an a .,lan e, i7,7; 


et al., 19'; nr-- , 1979; aredes Arce, 1986)
 
., Avi _ E; Av.an 

Not all sersS rund that their needs were fully 
sati:sfied by FCC; :wever, on-y si:ght modifications were suggestez. :n~epts 
 of what a technical
 

c~assifcat-on system snu and can do certainly vary

from sc:ent-s:et-" .... . . n my there
.. ...... 
 Sn .y 
 Dpi..ion , he is
tendency to e;,z'. too much :n the way of
interpretat::ns fr:m alnost every c'ass fication 
system. In -ne :a# FCC, I do not expect that it 
wi*l serve wel as a redictor of yield. The criteria 
are not sele-ec w':t tnis in mind. What is hoped for 
are groups s::.s tat are in0f . homogeneous enough 

properties trat soi. management dec:sions are the same
 
n kind, ifno.y
nn quantity, within groups and
 

different between grcups. While rigorous testing of
 
response to management inputs il appropriate, the
 
u t~mate test appears to be :n an evaluation of the use 
of the system in the delivery of so:! management 
information to the user. -n almost every country the 
delivery of advice to farmers follows a path of 
resear:ner - extension specialist - farmer. soi-Often 
s::en:e :s but one *f several discpn:nes an extension 
specialist is expec-ed t'o communicate to the farmer. 
-f FCC groups permit ciearer and m're :re:-se 
Infcrmat un to te transmt'ed nI e re r n a ess 
s ph st:cated -mprehens:on of so:Is te.rm zy, Dften 
not relevant to the area, tne mcre r: ned the 
extension specialist :s to get the 1o done pr erly.
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