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ABSTRACT

The incompatibiiiny bte~ween T
requilrements of  so1il sc:ent:1s%3, Vi
permanent so:l cnaracters found essential
1n “ne subsc: ., and hose of :
agronom:ists, vizZ. fertility parame<srs fou
in The topsoil, are explained. The d:liem
1s between the =ype =f nformazi2n g:ven
the So1l scientist which s  uf<en n
directly reievan. =0 1mmed.ate rpractic

1ssues and the agronomist's hope 2f findi
a universal sc:i <, which 1s unreailis:
1f not related %: cther son11 proper-:es.
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Most ot ~he data needed by pl
agronomist czuld be found from a szi1 ma
However, essent:al rroperties  such
surface texture or pH are noa>* specif:ical
expressed 1n so:l ciassificact:zons., So
fert:ility parame-ers are mos<ly f2und :rn ¢
“opsc:il and have been i:sted -: form -
Fer=:ility Capabi.:-y Class:fi1za-:2n (FC
sys-em. Us:ng and -es-:ng -he 7CC :n =
las: ~en years has proved a reward.:
exerclse. I- nhas made :f possible =2 gro
together so:ls which are homogenesus encu
In these properti:es -2 aillow S0:11 manageme
decisions =2 be taken, The interac::
computer software prsgrams now ava.iabie
persgnal computers should greatly fac:i:-a

12s use :n -~“he future.
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In 1ike fasnicn, =<he upper tew <centimeters are
excluded from so:i <axonomic considerat:ion, aga:in with
a few notable exceptions such as categories :hat
uti1lize various ep:i:pedons for c¢class <criter:ia. The

family category of So:i11 Taxonomy spec:fically avoids
the surface layer in mos:t soils by defining a control
section from 25 cm <o 1300 cm.

I+ 1s reaily no% very wuseful to argue about
whether or no: more atzent:un necds %0 be paid %o the
subso:l by *the agronom:s-=. In several regression
srudies of var:iabies aiffecting row <rop vyieids, the
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propert:cs of <the -z2pso:: are always mere significant
%2 crop grow-h than sutsoil.properties. It can be
argued <hat oniy sa-:sfactiry subscil g[roperzies are
incorporated n -he select:on of sultable sites. The
folly of prolounging ~e  argument 15 that the
agrcnom:st has almost no techn 2logy %o chainge most so1ll
properties below pi2w derth or subso:ling depths of
perhaps 50 cm. Although soi1.i sclent:sts ars fond of
pa:inting out the completely ccnirolling :nfluence that
shailow bedrock, frag:.pans, dur:pans, ezc. have on land
use, we have to remenbter %hna: “hpse cno:ces of land use
have already been mace bef;"e ne work:ing agronom:isct
ge<s :nvolved. in fac: th of “he disregard given

so:1 survey :nformec:on stems from the fact that
=hin 2ny local area must Of =the soi1ls <hat are
in-ensively used for a crop are SsSimilar 1n many
respects, and “hose so11ils no- responding to
conventional managemen: are not used for cult:ivation.

SOIL PROPERTIES - AGRONOMIC OPERATIONS

No at-cempt WwWlli be made -0 create a def:initive
list of managemen: practices and of how -—he presence,
absence, or degree of a given soil prcperty 1nfluences

~he agronomic operations. However, =-here are a few
categor.es of protliems "hat I think we zan address.
Gne s-en=:al area :s -ha: of fine-tuning £2:1. =-es:
interpretations. All so:l <-es% procedures at-empt O
ex-ract an arbitrary frac-ion of several elements from
a so1l sampie and then pred:ct how much fertiiizer will
be needed for 60 =z '20 days, or longer., There are
many s:ituat:1ons where thi:s wirks very we..; cu- ~he
real problems resul: when :n-erpretations are made in
sol1l ma%terial wh:icn 1s nZt like "he sci: wners Tne
cai:brat:on was developed. The imnhulse o7 .re
agronomist nhas been =2 120k for a universal extraltant,
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-hem alimost every-h:ing they wan-ed -c know {rom wWha: we
would expect in a map urni: description. I couid n2ot dc
th1s from 2 ctaxonomic piacement, regardiess 2f =zhe
clascification system,primar:ly because of <he guesiion
~haz erierged to be number one among the a&agrondomists.
Simply, they wanted =0 know: Wha-< 1s =-he surface

cexture? As one nd:v:duair pur 1it, "I first give The
so1l1 a Kick <o see wna: the tex-ure :s." I conciuded I
did not have <2 te =20 preci1se about -exture 2 17
could be done wilth & KiIK, rut I nad te-ter lead off a
So1l cescripcion by g:ving &z surface tex-ure :f I am -0
ge: an agronomist's zTtenticIrn.

After rather unanimiusS ag.,eement on surface
texture, che backgrounz the 1ndividuals made for a
rather diverse i:s% =-f Zonterns. Cer-a:nlily pH was h:gh
on -“he 1157, as wWwas Subsci. nextTure, So.l1 nest levels,
past cul=-urai prac-:ces, anc rainfall and -empera‘ure.
It became apparent wna“ wnat AZronomists wanted T2 ¥now
abzus so:1s was far less =nan -he so:l surveyor had =0
nave ©to classify a2 s>ili. Many of  <he ana:y-t:ical
me=nads preferred were nzt t*he same. The univs of
2xpressicn were d:fferent, and there was a host  of
reasons  wny t“hey Z:2 nptt relate Lo the arious  sI:i.

survey repor-ts.

Most of these apparern. problems [faded, however,
when +the agronom:ists were aska2d to put ‘'quantitatiive
criteria" on their categories of "high P-fix:ing soils",
"rapidly leached soc:ls", "we<t soi1ls", 2C. I+ was
obvious that they hnad almcst no cred:-able way of
communica+ting wWwith each cther. Consequen-ly, <hey d:d
not communlca+te weli, and chink ev:dence of =-his lack
5f communicat:on :s reflectecd :n verbal and publi:ished
statements -0 -he effact ~ha: "=h: 1S -he pracn:ce =2
use 1n state X, wWhile in s=2ate Y or coun-y 2 ano-her
prac-ice :s to be preferred." I: seems agrcncmists can
usuaily agree on -“he political boundar:ies a map, bus
~ha: does no% appear <o be a scisntifically csat:sfying
way -0 communicate cause and eflect aragemen:<
~echn:iques.
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Wha- followed was a ser:e f e&arpox:imat:cns LD
ono

s 0
express the concerns of agr mis<s 1n a f-crma. fash:iorn
and with quanz:-a-:ve ciass lim:its. As we 21l now
know, essentlally all s2:i prcorercties form a c2ntinusus
soiid series and any class l:m:7 1s going - f:1n better

1n one par+t of <the worid tnan in arsther. Trhus the
limics wused :n FCC have been arr:ved art e.-her because
they can be conveniently borrowed from So:. Tax:znomy or
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(low cation exchange capacity): applies only to
plow layer or surface 20 cm, whichever is
shallower: CEC 4 meq./100 g soil by bases + KCl-
extractable Al {(effective CEC), or CEC 7 meq./100
8 soil by cations at pH 7, or CEC 10 meq./100 g
soil by cavions + Al + H at pH 8.2;
({aluminum-toxicity): 60X Al~saturation of the
effective CEC within 50 cm of the soil surface,
or 67% acidity saturation of CEC hy cetions at
pH 7 within 50 ¢cm of the so0il 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 mus*t be less than 4.7;

(acid): 10-60% Al-saturation of the effective
CEC within 50 <cm of goil surface, c¢r pH in 1:1
H20 between 5.0 and §.0;

(high P-fixation by iron): X free Fe203/% clay
0.15 and more than 35X 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-ray amorphous): more than 1.4X oxalate
extruactable Al or a pH 10.6 in IN NaF in the top
20 cm;

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

{low K reserves): 10X weatherable minerals in
gsilt 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;

(basic reaction): free CaC03 within 50 cm of
soil surface (effervescence with HCl), or pH 7.3;
{salinity): 4 mmhos/cm of electrical conductivity
of saturated extract at 25°C within | m of the
soll surface;

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

(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 c¢r more are present within

60 cm of the soil surface; (only used in Cg and
Cg' substrata);
{gravel): a prime (') denotes 10-35% 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 35X gravel or coarser particles (2 mm) by
volume in sny type or substrata type (example:
LC" = loamy over clayey sgkeletal; 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 (1-6X) = uniformly sandy
soil, calcareous in reaction, 1-6X slope).



FCC AND ITS UTILIZATION 315

suggested for upland agriculture {(Table 2) and paddy
rice culitivazion (Table 3). However, i1n anr operat:ional
sgtting local editing And modification by locatl

agronom1sts are highly des:rabile.

Table 2. FCC sample interpretation. (Sanchez ¢¢ af.,
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 high 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.

O0: artificial drainage is needed aand subsidence
will occur; possible micronutrient deficiencies;
high herbicide rates ugually required.

5C, 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

subgsoil; tillage operations and certain crops
may be adversely affected by excess rain
unless drainage is improved by tilling or other

drainage procedures; good sSoil moisture regime
for rice production.

d: moisture is limiting during the dry season
unless soil 1is irrigated; planting date should

take into account 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 appl!ied; 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.

good waterholding capacity, medium infiltration
capacity;limitations in drainage so that tillege
operations and Ssome crops may be adversely
affected unless drainage 1is improved by
tilling or other procedures; strong to wcdium
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 improved by tilling or other
procedures; low ability to retain nutrients for
plants, mainly K, Ca, Mg; heavy application of
these nutrients and N fertilizer should be
split; plants seucitive 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.

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

Table 3. Sample interpretations of FCC condition

modifiers for rice tultivation 1in aquic
soil moisture regime. (Sanchez and Buol,
1985).

Modifier Limitations or management requirements

Defines wetland soils. Preferred moisture regime
for rice cultivation.

Prolonged submergence causes Zn deficiency.
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.

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

Low ECEC reflects less gradual N release, more
exacting N management. Identifies degraded paddy
gsoils with SLa or LCa and low organic matter

327



recent three-vcliume
America" by Cocnran
world soi1l map unic
FCC units 1in prepa
maps of Africa.
guides for N
and P and X
in Taiwan.
SO1. constra:
et al., 1984)
fertilizer manu
personal <ommurn
FCC to group
further mezhn:.
1978, Avilan e-
et al.,

1977,

PO

fer:

"

]

-

(@15}

n

rad
.
Iy

-~y
(A © N NN 7; IS

M
-

3
o

S

o]

a
ra

L 4

W

ey (O

<

3

L Y

]

]

3

o
O

Not ail
satisfied by
were sugg
classificac
from scient
endency
interpre Pl
syscem. n -
Wl1.l serve we:
are not
are groups
proper-ies
in kind,
differen
response
ustima-e
of <he
informa
deliver
resear:zher
sz:encte 1

St

«)

1)
Sty O

oD
D

LM U W’

AR

’

ta

IS

T0 manage
test apgpea
System in
10n to the
of advice
- extens:
s bu-

e
s
ra
Fe
za

nav

inNgs h
low:ia
iowlian
TO ev
Cochr
a bas:.s for
requiremen

Cevera
er reg;
<

o1

3o

(v D

3
{0

Y

a

i A -
167G,

[

-

- n
I

7

he
nly s
of
za

[y

o m

ver {
S
and

{2 (3
L ot

tw f
(D -

3 O .

W

edictor of vy

mind

nowhs in

nat are
anagement de
2. LYy in gquanstait
ps. While
ment inpu-ts
> be 1n an e
del:ivery
In almo
farmers
on spec.al:st
sf severa. d:is
Zonmuni
_earer
transmitsecd
nens:on of
area,
©0 get

~
~
<
N

.

L

-

"

user

-

.

-

LRy
"

-~

n
h

3]

S

4]

compiling

hom

(]

9

[

FCC AND ITS UTILIZATION

I 0

N < v e

Al
e been

D U O -

re

bee

r:Ce

Pones

ave
nd
d ra
a.ua
ane,
avy
©s |
i s*
ans
rese

- -

[ ANS]

@ 0

Trangmar

b

3 U (L .

a

ir needs were
light mod:ifications
what tezhnical

do

“

n

~
~

«a

riteria
1s ncped for
encugh 1n
re the same
and
of

1eid.
. What
ogeneous
:si0ns &
v, within groups
r:gorous -esting
S appropriate, the
—uation of the use
SO.. managemen:<
every country the
1l0ows pa~h of
armer Of~en soil
ine 2xtension

) he farmer.

~

va
of
S
[ad

IS

M Q

Ty
[ TG (I
%]

IR

R VI % T Y
3

(3]
e

£

3
X

Y

Y () ot

c1
(9]



FCC AND ITS UTILIZATION 33

LIN, C.F. 1985. Fertility Capability Classification
(FCC) as a Guide to PK-Fertilization of Lowland
Rice. FETC Book Series No. 29, Soi: Taxonomy -
Review and Use 1n the Asian and Pazific Region,

KADDAR, T. 1981. Personal communications. International

Fertilizer Development Center, Muscle Shoals,
Alabama.

OLIVEIRA, J.B. 1978, Classificacac de solos da
quadricula de Campainas. Institutuo Agronomico de
Campinas. Bol. Te:. 59,

PAREDES ARCE, £.G. 1986.’Le Systeme de classification

des sols par zapacite de fertilité. Faculté des
Sciences Agronomigues, Gembloux, Belgium,

SANCHEZ, P.A., and COCHRANE, T.T. 1980. So1l
constraints -0 major farming systems of tropical
America. rages 107-139 in: So1l-Related
Constraints +: Fa>d Production 1n the Tropics, ed.
M. Drosdoff et a.. Los Banos, Phil:ippines: IRRI.

SANCHEZ, P.A., CouTo, W, and BUOL, S.W. 1982. The
fertility capability so1l classification system:
lnterpretation applicab:lity and modification,
Geoderma 27:283-309,.

SANCHEZ, P.A. and BUOL, S.W. 1985. Agronomic Taxonomy
for wetland soils. Pages 207-227 1n: Wetland
Soi1ls: Characterization, Cilassification and
Utilization. Proceedings of “he International Rice
Research Institute Workshop, 26 March-5 April
1984. Los Banos, Philippines.

SOIL SURVEY STAFF. 1975, Soil Taxonomy. Uu.s.
Department of Agriculture. Handbook No. 435,
Washington, D.C: U.S. Government Printing Office.

TRANGMAR, B.E., YOST, R.S., SUDJADI, M., SOEKARDI, M.,
and UEHARA, G. 1984, Regional Variation of

Selected Topso.l Properties ir Si1tiung, West
Sumatra, Indonesia. PResearch Series No. 026.
Collection of Tropizal Agriculture and Human

Resources, University of Hawa:i1i.



