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gurvey areas in Kenya as shown on the mep legends
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Kenye &t soale 131,000,000 (in prep.)

Meoure 1 - Location of survey =xreas
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Pable 2 . Interpretetive grouping of FALO 2nd level
terminology

Tabhle 3 - dierarchy of the existing FLO subgroup
terminclogy snd the position of the "Kenya Concepis"

Table 4 - Occurrence of new subgroups

Teble 5 = Origin of uwnit terminology

Table 6 - Units distinguished in Kenya
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Fig. 1. Location of survey areas
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" R4-Kisii (1:100,000) . i
R5—Makueni (1:100,000) R _
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Since its vublication in 1974, the Kenya Soil Survey has used the
FAO/Unesco Legend for the Soil Nop of the World (scale 1:5,000,000)
for goll clagesificabtion #nd soil ocorrelation purposes.

Initizlly this system was applied in Kenys to soil surveys ozrried

out ot reconncissaonce levels (scale 13100,C00 -~ 1:250,000), but

cresently it 1s also used in other scales of monping, viwn. exploratory
acale 1:500,000 — 1:1,000,000) snd (semi) detailed (scale larger

than 1:50,C00).

The FiC/Unesco Legend wis designed to accommodate world soils in
order to overcome geps in nationol soil closaification svstems and
to provide en internationclly seccepted bosis for soil correlaiion.

Although the FA0/Unesco Legend is & monooategoriocl soil
classifioction system (FAO. op.cit. p 10), commonly aoccepted
princinlee of soil formetion underly the system and are reflected
in the nomenclature,.

The identificetion of the soils is based on the recognition of
diagnostic horigone =nd disgnostic properties, whioh are defined by
weasureble morphological and other oriterin related to soil-
forming processed.

Therefore the defined soils may not solely be regeried ns members
of a soil mep legend but form the basis for soil olassification in
nany (developing) countries.

It must be noted that most dizgnostic concents hove been derived
from the Soil Texonony (1975). ;

The original FAQ/Unesco (1974) fremeworl: shows two levels of soil
classification.

L% the first level, which is broadly compareble to the "Great

Group”, 26 moils vere defined, viy. FLUVISOLSy CALDISOLS eto.

A Purther subdivision of the highest level led to the identification
of 103 elements &t the second level of olassificetion, comparable

to the "subgroup", viz. gubric FLUVISOLS, humic CAMDINOLS eto.

A $hird level wes not recognized in the original Legend (A0, opecita,)
however, this level was iutroduced during the preparstion of the
lepend for the soil mep of Europe =&t =mcale 1:1,000,0C0 (Fi0, 1570).

At this level, which moy be called "unit” level, the subgroups

are further subdivided, e.g. sndo-bumioc CABISOLS eto.

The use of the PAO/Unesco Legend termirology for soil surveys in
Kenys hae revealed the need for grenter detzil of the existing
fromevork of clessification (the location of the soil swrvey erecs
concerned is given in fisure 1). °

This heg led to adaptations of the first and second level terminology,
o8 well as the apnliontion of the "unit" (third level terminology).

4



- 2 -

The devistions from and the additions to the FAO/Unesco
clessification system as applied by the Kenye Soil Survey are
known as the "XKenya Concept®.

They mey be swimarized :8 followas

- cdefinition of & number of intergrades betweeon Great Groups,
viz. LUVISOLS and ACRISOLS intergrading to FLRRALSCLS,
ond en adjusted LITHOSOL and HITOSOL concept (chipter 1),

-~ dofinition of a number of new subgroups at the second
level of olussificalion, viz. vertio Phasozems, etc. and
a narrover concept of some existing subgroups {chepter 2),

~ definition of a number of units &t ithe third level, e.g.
caloaro~pellic VIRTISOLS, eto. (chaptor 3),

~ remarks on the cefinition of some diagnostic properties
(chanter 4),

-~ 901l pheses, porticularly the introduotion of some new
g0il phases are discussed (chapter 5),

~ proposals for future adsptations of dizgnostlio horizons
and properties ore outlined in chapter 6.

A Tull list of the soil olassificotion units recognised during

801l reconnaissmnoe soll surveys and one semi-dotailed soil
survey is given in Appendix 1.

l. FIRST LWVEL TERMINOLOGY ("GREAT GROUPS").

In the first resonnsissonce smoll survey coarried out by the Kenye
Soil Survey in the Kindoruma sres (ven de Yeg and Myuvi (eds.),
1975) wmany soils wore encountersd which did not satisfy the
exizting first level definitions. (1)
These soils were usuzlly intergrades beotueen tuwo Ores
Groups, viz. LUVISOLS/ACRISOLS snd FERRALSCLS,

Similar findings were reported from subsecuent reconnaissance

soil surveys (ses Appendix 1 and roferences),

The nature of the intergrodes botween the LUVISOLS/ACRISOLS snd
the FERRALSOLS pertzins to the concepis of the awrgillio B horizon
and the oxic B horizon respeotivoly.

Both diagnostic horizons are receiving attention in this respect
through the recently created international commissions ICOMLAC and
ICOHOX (2) .

(1) according to the SSSA{1975) an intergrade is a moil that
posscsses moderntely well distinguishing oharacteristios
of two or more genstically related Great soil groups

(2) 1CO1LAC~Tntornational Committee on the olzssifioction of
Alfigols and Ultisols with low activity olays
ICOIIOK ~International Committee on the clessgification of
Cxisols

ves/3
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‘o consensus has been reached a8 yol in these commisaions on the
paraneters that define the disgnostic oriteric for tlhese horizons.
It is anticineted houever thal thelr final nroposals mey eventuvaolly
be incorrorzted in sn updsted FLO/Unesoco "Legond".

lel, Terminology for Interpsrades
1,1,1. LUVISCLS intererading to MuRHLLICLS

These scoils heve a weakly expressed argillio B horizon with 2
base saturation of 50% or more (by IH,0Ac method at pH 7.0) =t
lezat in the lover pert of the Bt hor&zon uithin 125 om of the
surfacc. In addition, they have 2 nmumber of properties that point
to IFERRALSOL development.

The properties of these intergrodes are listed belows Although e
strict senaration of the LUVISOL and FERRALIOL properties cannot
be maintained beceuwse of their dual asture, those referriang to

the argillio B horizon ere mentioned first, followed by those
perteining to the oxic B horizon.

orgillio B mainly
~ outspoken signs of an argillic B horizon cre ohsent, visz.

absence of any appreciasble percentsge of olay cutans

~ the texturcl differentiation is gradual rather thon olenr,
he olay ratio betreon B/i i between 1.2-7.6, unless the
overall ferture ¢loss is sandy clay

- olay increcse is oficen mosked by the presence of iron and/or
orgenic compounds that ceuse incomplete dispersion of the
soil maebericsl during textural fnolreis

-~ cobhsonoe of angular blociy pods
ode B mednly
~ low perceutege of weathercble minerals, just above 2%

- 8ilt ocontent is not very low, resulting in sifc rotios of
more thon 0.2

-  gtructure stcbility is nobt very high, flooculcotion index(l)
is betwecen 60-L0)

~ siliocte eloy minercls cre usuclly domincnd in the olay froction
(xcolinite), but some illite (up to 10%) and some 2:1 olny
minernls nny be nresent, in addition to omorphous compounds

(1) flocoulotion index = 100 x { - ¢isporsed olcy )

tolal cloy
000/4
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- the CiC olcy (bLy NH4OA9 nethod ot pl 7.0) is usuclly detween
20-30 me/100 g clry

~ ‘the tot2l porosity is lover than iy proper FERRALSOL, viz. 3
expressed o8 bulk density 1.3 g/om Intergrodes cnd 1.1 g/om
for FERRALSCLS

general
-~ +%tho ocousigtence moist is frioble to firm

- +the top=oil is lirble fo sBerling

- the structurcl-texturcsl profile doss not corresrond very well
with the ohemiorl profile, wviz. low CEC vclues myy occur in
modercately well developed crgillic B horizons.

It is not olear whioh omusce induced the development of these
LUVISOLS townrds FERRALSOLS. In most creos of their oocurreance

it is cmsumed thot the roinfoll hos deorecsed substentinlly during
the lest centuries ivhich mey hove slowed down or orrested the
impoverishunent of these LUVISOLS towords FERALSOLS.

The intergrodes recognized so for ores

~ FERRAI~ferric LUVISOLS (sce remorks on “ferric" nroverties in
shopter 4),

- F?RRAlwohromio TUVISOLS (soe remorks on “ohromic" in chrpter
2) ond

- FiRRAle~orthic LUVISOIS,.

Their ocourreonce ig indicutod in 4:=ble 1.

1.1.2, ACRISOLS intersgroding 4o IERRALSOLS

These soils hrve clso o weckly developed crgillic B horizon, but

the bose satur~tion is lese thon 506 (by IH,0Ac method ot pH 7.0)

~t lenst in the lover part of the Bt horizod within 125 om of the
surfcoe.

The list of properties is sleiler o8 those outlined in chopter 1.1.1.
for the LUVISOLS-FIRRALSOLS intergrodes {sece poge 3 ).

The moin deviction dis the CiC ot pHE 7.0 wvhich vories usuclly betuoon
1624 ne/100 g oloy, in oddition , the cmount of wectherchle
ninercls ronge botuoon d-T.

It is cssumed thot these ACRISOLS were olrendy more cdvenced on the
uey to FERRALSOL formotion thon the LUVISOLLIZRRLLSCL intergrades.
This moyr be oounzed by poorer parent moterinls and/or fovourchle
clinctio conditions.

vos/5
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- the CEC cloy (by HH4OA0 nethod ot pl 7.0) is usuclly botueon
20-30 me/100 g oloy

~ the tot:ol vorosity is lowver thon in proper FIRRLAISOL, viz.
expressed a8 bulk density 1.3 g/cm Intergrades cnd 1.1 g/om
for FERRLLSOLS

3

Heneral

Y.
Ty

- tho gonsistence moist is frinhle to firm
-~ +the topsoil iz 1licble to secling

~ theo structurcl-texiurcl profile doss not corresnond very well
with the ohewmiocsd profile, viz. low CIC volues miy ocour in
moderctely well developed crgillic B horizons.

It is not olecr which omees induoed the development of these
UVISOLS townrds IFORRALSOLS. In most crens of their oocurrence

it is cssumed thet the roinfcll hes decrensed substontinslly during
the lost centuries vhich moy hove slowed down or ocrrested the
Inmpoverishment of these LUVISOLS towrrds FERALSOLS.

N
The intergrades recognized so for nre:

~ FERRAI-ferrio LUVISOLS (see remcorks on "ferrile" nroperties in
chonter 4),

- F?RRAlwohromio LUVISOLS (sce rem-rks on "ohromic" in chrpter
2) mnd

~ FiRRAI~.orthic LUVISOIS.

Their ocourrcnce is indicoted in table 1.

1.1.2. ACRISOLS intergroding 4o FERRALSCLS

These soils hiwve olso o neckly developed crgillic B horizon, but

the bose sotur~tion is lese than 505 (by I'H,0Mo method ot pH 7.0)

% lesst in the lover part of the B horizoﬁ vithin 125 om of the
surfone.

The list of properties is siniler os those outlined in chopter 1.1.1.
for the LUVISOLS-FERRALSOLS intorsrodes (sce poge 3 ).

The moin deviation is the CiC ot pH 7.0 which vories usuclly betueon
1624 mef100 g cloy, in oddition , the cmount of weotheraklo
minorels renge betueen 4-T.

It is cgsumed that these ACRISOLS were nlreundy more cdvonced on the
woy bo FERRALSOL fornction thon the LUVISOL-IERRIISOL intergrades.
This moy be onused Wy poorer porent motorinls ond/or fovourable
clinctio conditions.

cas/5
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So far the following ACRISOLS intergrading to FERRALSOLS have been
identified ( see also table 1,)
= FERRAL~hmmic ACRISOLS ( see chapter 6 for remarks on "mollic")

~ FERRAL~ferric ACRISOLS ( see remarks on "ferric® properties in
chapter 4) .

= FERRAL~chromic ACRISOLS ( see remarks on "chromlc" properties
in chapter 2}

~ FERRALworthic ACRISOLS.

lele3, FERRALSOLS intergrading to ACRISOLS

These intergrades are "young” FERRALSOLS, that have some weakly forw
med properties which are usually dilagnostic for ACRISOLS.

The oxic B horizon shows a clay increase but not enough to be diag-
nostie for a Bt, the CECclay at pH 7.0 1s usually between 12=-24
1e/100 g olay, in addition the base maturation may be somewhat highe
er than is usually expected in FERRALSOLS,

In the 1list of properties given below an attempt is made to mention
th¢ Be properties concerning the oxic B horizon first, followed by
those of the argillic B horizon.

Because of the ambiguous nature of the properties this division
should not be adhered to rigorously.

oxic B mainly
= the oxic B horizon is 30 om thick but not thicker than 100 om

= the struoture is not porous massive throughout but may show
weakly developed peds

= the congistence is friable to very friable when moiat

~ the horizon has more than 15% clay, however the percentage
#silt 45 not low, esgs the si/o ratio is more thand2

- the clay fraction does not exclusively oonsist of 1:1 lattice
silicate clays, like kaolinite, but 1lilite and some 2:1 lattioe
clay minerals may be present, in addition to amorphous come-
pownde, therefore the 5102/3203 ratio is about 2

~ the CECclay at pH 7.0 varies between 12-24 me/100 g clay

w the amount of weatherable minerals is about 4, but may be as
high as 7%

ooo/6



frgiliic B
- the eloy increase is not enough to be diognostic for on
crgillio B
= the s0il moterinl is usunlly not compret and hes o foirly
high flocculastion indox
- the horizon boundories rre graducl rother thon diffuse

Renexcl

- the physico~chemical notivity of these soils is foirly low
but not o8 low os in »roper FERRALSOLS

These soils have ronchod tho beginning of FERRALSOL formction and

rrogressive wenthering mey ultimately lood fo full FERRALSOL

developmont «

Ehe foll;win@ interzrodes hovo been distinguished so for (seo
ble 1,):

- ACRI-rhodic FERRALSOLS
= ACRI~xcnthio FERRALSOLS
~ ACRI~orthic IERRALSCLS

lil.44 Other Intorgroies

Theso concern the VERTI- chromio LUVISCIS ond the VERTI-cutric
FLUVISCLS (mec tcble 1).

The Tormer intergrode is o chiromic LUVISOL which has in addition
vertie pronerties, the lottey intergrode is »n ewtrio FLUVISOL
thet hes olso vertic proverties.

The cpplied combinctions cre not vory sctisfrotory ne tho Grest
Groups concerncd ~re not genetionlly rolsoted (soo definition of
intergrede on noge 2).

A& more oppropricte solution would howe bheen to indroduce two

2ew units ot the third level, viz chromo~vertioc LUVISOLS ocnd
verti-eutrio FLUVISCLS (sec nlso chapter 3).

o-q/T
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oble 1. Ocourrence of intergrodes

B'L\lrvey oren l |[ l '
, | i
| g }
o ! i
“ -g | 40
N g S 8 w| o g
NI IR IR AN
intergrede ™~ .. & | | 5 “ =
1 T -
TERRAL-ferrio LUVISOLS * | x
¥ chromic ¥ x . X | x |x
" —orthio " x |
FERRAL- hunio ACRISOLS x x
Y = ferpiec © > S ]
" — chyomic " x | x | x x
W I orthie v x | x
ACRI- rhodic TERRALSOLS x x x
. - xmthio i | 2 X ——
W orthio " x | | x | x x
VIRTI- ohromic LUVISOLS L x
VARTI~ eutrio FLUVISOLS > ;
| | | ;

notes see roferences ond Appel for full deteils of the soil
survey meporis.

1.2. Redefinition of Greant Groups
l.2,1. LITZOSOLS

By definition LITHOSOLS cre soils which ore limited in depth by
oontinuous herd rock within 10 om of the surfoce (P40, 1974, p34).
The depth limitotion wos found to be too norrow for Kenya
conditions and hos been set ot 25 eme Thus LITHOSOLS hove
ooherent hord rock within 25 om of the surfooe.

This cdopbotion wos first opplied in the Xindorumn cxec.

In cddition, LITHOSOLS ocn be subdivided into oslecrio, dystrio
cnd eutrio subgroups if neccsscry (A0, 1970).

-../8



1.2,2, EITOSOLS

The present definition of the FITOSOLS in fhe "Legond” doce not
mention the occurronce of tho speoifio shiny ped purfrocs in the
B horizon, from which the neme NITOSOL is dorived.

The cxtensive ocoourrence of thesc goils in Kenyo =nd their
importence for ocgriculiural production werrsnts however o furthor
refinemont of their definition to this effcot.

Although the procces thet ococuses the development of thewme shiny
pod surfcecs is not fully undersiood, cnough dotn ore asvailcble
to dofine o dingnostic "nitic-B" horizoa (soc chopter 6).

The pronoscl defines HITOSOLS azs soils howing o nitic D horizon.

2, SLCOJD LEVEL TERNTIOLOGY (“SUBGROUPS')

In this eotegory the noin soil groups ore furthor subdivided
zocording to = numbor of properiies which arc dircetly relovent
to soil behavior omd plant growth.

Ln interpretativo grouping of the FAO scoond level torminology
is prescatod in tcble 2.

Ioble 2, Inborpretotive grouping of FAO 2nd lovol torminology

1. rooting impediment 5« clay mincrology
gelic oomhile
plinthic forrio
gloyio ferralio
&lbio aerio
tolkyrio

2. Zoxburcl differontction 6. fortility
luvic i dystrio
vortic cutric
glossic

3. eolts Te oolour
Zypsic pallic
crlaio rhodic
golodio xanthio
thionic shronie
(caloaric)

4o hums content and typo 8. other

ochric
mollio orthic
humio hoplio
vitric

bl TR - - - e AT B T T B M . 2 S

¥ost of the subgroup nototions have been opplicd without constrnint

Yo s0il oconditione in Kenyce. Howover, in o numbor of cosce now sube

groups weyro defined, whilc the meoning of somo torms hosg boon

Eltored 8lightly to meke 1t more meeningful to soll coourrcnoos in
GIW:T».
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Toble 3 shous tho oxisting combinctions of subgroup nototions and
Groot Groups (inoluding somo as dofined for tho Soil Hap of
Burope) and thc now combinations npplicd in Xenye ("Konyo
Concopta"), The lotter orc dofinod bolow.

2.1, Dofinitions of nocw subgroups

The now subgroups identificd snd dofined by tho Kony§1§oil Survey
in the survey crcos oconcornod aro listed in tzble 4.

From $ho six new subgroups four arce “wertdic" oncz. In tho

PAO Logend t%g)uso of vortic subgrouns is rostricted to CABISOLS
~nd LUVISOLSEM</,

During soil investigotions in Xoenya it beocme ovident houcver
thot other soils mey heove vertio propertics cs well, viz.
FLUVISOLS, GLEYSQLS, SOLONETZ cnd PHAEOZENS. Thorofore the sub-
group vortieo wos introduced for thesc soils.

verfio FLUVISOLS ~ +thosc nre FLUVISOLS which hnve vortio
propertics, thoy key out before tho thionic
FLUVIBOL3 {Table 3).

vertio GLEYSOLS - these nre GLEYSOLS which hove vertio
propertics, they koy out immediotoly after
tho plinthic onos

combic REEDZIHAS(E) thoso crae RENDZINAS that hove loss thon 54
cnlcium carbonctes in the surfroc horizons,
the first proposcl for this subgroup wos
made by tho FAO (1970)

orthio REHDZIEAS(E) thego cro “normal® RBRIDZIVAS thot do not
moot tho "eombio" oriterion (FAO, 1970)

vortio SOLONETZ -~ these cro SOLOWETZ thot hove vertio
propertics, thoy key out immedistely ofter
the gloyie SOLONETZ

vortio PHARCZHEIS —~ +these acre PHAROZEIS which hove vertic
vroporties, thoy key out after the luvie
PHAROZELS

(1) 4he new subgroups used in the legend for thoe "“ixplorotery Soil
liap of KenycM ot soale 121,000,000 (Sombrock, in prop.) mro
not inoluded, but ore glven in Appondix 2, togother with
othor new torminology used for this map.

(2) cooording to the FAO {1o0.04%.1574,p31) = soil which hos vortic
propeortics shows ot some poriod in most yonrs orocks thnt ~vo
lom or more wide within 50cm of tho upper boundary of the B
horizon ond oxtond to tho surfroo or ot lecst to the wppor

portd of the B horizon.

(z) +thosc cro not shriotly "Kenyo Concopts" as thoy wore alreody
dofined by tho FAO (1970)

ess/10
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mollio NIPOSOL3 ~ these ~re HITOSOLS thet hove o mollic
A horizon

This definition ig cnalogue to the one of the humio ITOSOLS
(FaO, 1974, locecit. p51). Tho mollic NITOSOLS keoy out boforo
the humic oncs. Tho new subgroup was feosignoed to cccommodatce
thosc soils which hrwe 2 mollioc A horizon overlying a “"nitie"
B horizon.

According to the FACG/Uncsco Legend these solls would be nemod
"luvic PHAROZZ.S" on the proscnoo of tho mollic &, thercby
Gisrogrrding completoly the pronounced "nitice" B horizon.

To meot both the eriteria for the mollic A o8 well as for the
nitic B tho mellic TITOSOLS bridge this gnp in the oxisting
clagsificotion sctisfootorily.

chromic ACRISOLS ~ theec aro ACRISOLS with o red B horizon (o.g.
moist colour of tho rubbed soil has - hue of
5YR znd a cohromo of moro thon 4, or o hue
rodder than 5YR). Tho ohromic subgroup koys
out after the forric onc and bhefore tho orthic
(sco nlso chopter 242).

Table 4, OQocurrence of new Subgroups

i i
gurvey arco
o ' 'g
N £
L E ol
o
] =) [ @ !
gubgroup ~ | ™ 3 :g jﬁ ;g 41& | d
vortio FLUVISOLS ) x | X
vertio GLEYSOLS x
erunbio REWDZIVAS (x) x
orthic REDZINAS (x) x
vertio SOLONLLZ x
vortio PHABOZELS X | X x x J
mnollic NITOSOLS &
chromic ACRISOLS (xx) | x | x | X i x i x

(xx): ohromic ACRISOLS ocour goncrally as intergrodes, vigz.
PERRAL - chromio ACRISCLS, oxoopt in the Tsave orce,
whore ohromic ACRISOLS s.s. woerc moppod

(x): these are not strictly "Kenya Concepts® ae they were
already defined by the FAO (1970)

ctc/ll
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24,2 “Konya Conocnt" of exist1%§ gsubgroups.
24241 Chromic L 5 an

Theso conccrn $he chromic LUVISCLS and the ohronio CALPBISOLS.
In the FAO/Uncsco Logend the term ohromic rofors to strong
brown or rcd B horizonse

To differcontictc betwcon the brown and rod CABISOLS ond
LUVISOLS o8 cncountercd in Konye it woe felt nccesscory to
rodofine the definition of rod os follows: tho rubbod molst
80il hos o huc of 5YR sné » chromz of more thon 4, or a hue
reddeor thon 5YR.

It is in this contoxt thot the ohromioc ACRISOLS were introducod

(sce choptor 2.1).

3. THIRD LEVEL TERMINOLOGY (“UKITS")
%%%ﬁ%%g%?té%%%§1¥%%§1g3§"65¥%§g%y were proposed by the FAC (1970)

with rogmrd to cloucnts for the Soil Map of Buropc ot mecnlo

131,000,000 (4able 5). Units may be distinguished whun for

oxrmmle o luvio PHAROZEM nlso hes vertie proportics. LAs thoe luvie

subgroup keys out boforc the wvertic one, the term vortic is used

ot unit lovel, c.ge verti-luvic PHAROZIH,

Tablc 5, ¢rigin of unit terminology

Unit dorived from dosemiption \M

ando cndio low bulk dcnsity, prescncc of voloonic
osh {endo 1ikc)

clbo albic removal of clay ond free iron oxidos or
light oolour (nlbio horizon)

oclearo  onleoxric preecnce of ocrbonctos {eanleic horizon)

chromo chromic red golours (high ohromz)

ferro ferrio prosonoc of cowrsc mottles ond/or
disorctc iron nodulcs (proescuco of iron)

fluvo fluvie ocourcnec in olluvicl pleins (flood
ploin)

histo higtio high orgonic motier content ond low
Yage soturntion ( <504), (tiscuc)

lopto leptie limited profile development (thin)

poehi pachio thick humic topsoil (thiok)

Plono planic occurrciee on poorly draincd pleoings
(£1ct, lovol)

rhodo rhodic rod colour cnd low CHC {(dork rod colour)

spodo spodic prescnco of orgonic metter and/or sluminium

cnd iron oe comonting agents or ns
contings (spodic horizon)

gtommo stoegnic oscurrence of porched groundwabsor tcoblo
vormi vermio founa turbation (mixzed by onimels)
vorti vertio oercoking (turning)

. —n — - = W b

Jrapp——

(1) veotwoon braskets derivotion according to Soil Tuxonomy (1975).
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In the PAO/Uncsco Logend (1974) no unit level is recognized.
Howover the nccossity for this extcpory boorme ?ppgroﬂt during

lorge socle surveys in Kenyo. The unit terminology introduced
in Kenyo is sums-rizcd in $able 6. Port of it wes "borrowod”
from the FAD publioation (op.cit. 1970) .

Tho unit tcrminology for the "Exploratory Boil Hep of Xonyo™ of
sorle 111,000,000 is not ineluded bud ie piven in Appondix 2.

Prble 6.  Unite distincuisbed in Kenyra

Kepenguria
Kwale
Kisii
Malmeni
Kihoke

1nit

cndooumilic—(cutric) LITHOSOLS
eclocro-pellic VARTISOLS {x)
Thodtorio FoRRALeOoLs
endooumulic—-rnodit FaRRALouLs X

H

Hin

voerto-luvio PUABOZEDS (x) x
dystro-moilic © ITOS0LS 3
vor{i-gloyic LUVISOLS X
forralo~humic CANBISOLS x
cure lo—humio CANDISOLS x

(::) Introduccd by the FAC (1970)

Following the sequenoc of thao FAQ/Unasoo koy tho following
unitsy coee dideatificd.

andooummlic ~(cubric) LITHOSOLS

These goile wore originclly cloesified os ondocumulio LITHOSQLS,
without spocifying tho subgroup, which is ceutrioc.

Tho tcrm sndocwaulic wes coincd to refleet the thickuned
cpipedon coused by o repetitive noowmletion of smnll cmounts of
volecnic ash.,

In =mnclogy to thoe tcrm cumulohumic, it is suggestcd 4o chonge
the nominction cndooumilic to gumilosndic.
snlooro—pollic VIRTISOLS

Theso pellic VERTISOLS are rlec colearie, viz having o onloio
horizon within 125 om from tho surfooc and/or ocre cnlearoous ot
loost between 20-50 from tho surfsc. (Soc rlse FAO, 1970),

k!
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riodooric IERRALSOLS

These soils ocour in the Kwnle sren, vherc thoey were elossifiod
28 tronsitions botireen tho rhodic FERRALSOLS ond coric FERRALSOLS.
The cori-rhodic FERRALSOLS of the Xweole cresn would then be
dofincd s rhodic FERRALSOLS hoving o oction oxchonge copoeity
(from FH,C1) of 1.5 me or les ner 100 g oley in ot locst some
port of ¢ B horizon within 125 em of the surfroc.

To oconform to the stradord third lovel torminology it is
suggostoed to change the term rhodoorie to oori-rhodic.

fadooumilie-rhodio TURRALSOLS

Az suggosted rbove, $he torm cndoourmilic ehould be cha:ged to
cunmilocndic. The rhodio FERRALSOLS conccrned have o thickoncd
apincdon suumeed by tho reputitivo accumulotion of voleonio csh.
Hhen the presenco of volecnic csh is observed in the B horizon
the torm sndo-rhodic may ~pply.

Yerto-luvie PHANOZINS

Those soils cre clrssificd a8 luvic PHAROZIENS which howe in
eddition vertic propertics cnd moy bo considered as ftronsitions
botyoon the luvic ond vertic PHAROZEMS. (wce nlso FAO, 1570).
To oonform to the dorivaiion of the torm vortic os supggested by
the Fi0 (1970) verto should be sheonged to verti, thus verti-
luvie PHAROZIES (sco also toble 5).

Systro-mollic NITOSOLS
Mollie NITOSOLS werc dofined in cheptor 2.1. Thoe unit terminology

"dyetro® indiocntes thot thoso NITOSOLS howe in soie port of the
B horizon within 125 cm of the surfose o boso soturction by

NH, OMc of less thon 504, Tho soils moy boe oconsiderod o
trénsitionnl betwoon tho mollic HITOSOLS ond the dystrie
NITOSOLS. .

vorti-gloyio LUVISOLS

These gleyio LUVISOLS hove in addition vortie propertics. They
moy he congidercd trrnsitions between the gleyio ~nd wvortio
LUvisoLs.

forrolo-humic CAMBISOLS

The soils of this unit hove on umbric A horizon underlsin by o
combie B horizon with forralic proportics (scc noto 14)e
Thoy onn be considerod trrneitions botwoon humic rnd forrslic
CAMBISOLS.
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umilo=-hunic CAIBISOLS

Mhese soils ore chh.raca':t_rlzod by o very thiok (more thon 5Cem)
'nd very humic (morc thon 5% orgonic m::t'bcr) topsoil.

The opipedons oro thought o howe boon developed due to the
umulotive onrichmont of orgenic mottor without the noticcobloe
.nfluence of voloonio ash.

"o conform to alrccdy codsting terminology (8011 Tozzonomy, 1975)
¥ is suggested to change tho term cumilo to pochi, thus poohi-
wnic CAIBISCLS.

‘e DIALGHOSTIC PROPERTIES

lout of the disgnostio properbtics ce defincd by the FAO (1974)
1cvo been used without chonge, opert from the forric proportics
nd wootheroblo minornls, whose ooncep'bs wore sligb -..1,; edrpted.

"l -
Lrric proncxtics

The origincl oconcopt of forric is uscd in conncetion with
AVISOLS end LCRISCLS, showing one or more of tho following
Pho,op.orﬁ.rﬂu):

L) neny coarge motiles with hwoes rodder thon 7.5YR or chromas
more thon 5, or bhoth,

2) disercte nodulce, up to 2 om in dismoter, the extoriors of
tho nodulea bheing enrichod snd workly cemonted or indur~tod
with 4iron =nd hoving roedder hucs or strongcr chironcs thon
the interioxr

3) o ootion oxoh:'.ngc oopeoity (from NH,C1) of lcss thon 24 mc/
100 g olsy in ot lecst 2 subhorizon™of the crgillic B
horizon.

\ocording to the "Kenyo Conocpt" $he torm ferric ic uscd
3xelusivoly for the foctures mentionoed undox ™1* ond "2, ond
locs not ombrnoo tho CEC rccuiroment.

the logder cepect iz declt with by using thio torm "forrolic
hich in s~ddition %o CABISOLS apd ARENTOSOLS is clso opplicd by
‘ho K58 to other Groot Groups (mscc note).

’he widening of tho ferrolic conccpt to othor soils could have
‘rented gitustions which would confliot with theo use of the
iorm forrie (definition loc. cite).

Por this rercsgon the CEC reouiremont hns boon waved from tho
lefinition of ferric proportics in the Kenyo Concept (sce also
wpendix 2).

wics According to tho FA0(1974, p28) tho term "forrslic”
propertics is used in commccetion with CAMBISOLS ond
ARENOSOLS which have o c~tion oxchange orpooity (from
NH,C1) of loss thon 24 me/100 g olay in, rospostively,
ot"loost some subhorizon of the crmbic B horizon
or immcdictcly undorlying the A horizon.
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Hozthornble mincrcls

Aocording %o the FAO (op.cit.p34) wosthershble mincrols include
cloy mincrols, cspeeinlly 2:1 lottice oloys ond minerals from
the srnd and silt froetione (primeory minercols).

In the Konyo oconcept muscovite is coxeluded from thesc mincrcls
bocrusge of ite resistonce towords wonthering, viz it is only
8lightly less herd thon cusrdz (sec choptor 6 for further
dotoile).

5« SCIL PHASES

A s0il phosc is o subdivision of o soil type or othor unit of
clessificention howing chercetoristios thot offcet the use ond
monagemont of tho soil but whioh do not vory sufficiontly to
Cifforenticte 4t 28 o separate trpe (8384, 1975).

Soil phosos cre gignificont to the use ond manngemont of tho
loand but ocre not disgnostie for tho separction of soll units
thomsclves (FLO, 19T4,05).

Most definitions os outlincd by the FAO (loo.ocit p5-7) omn bo
npplicd sotisfrotorily. Chonges and cdditions os uscd by tho
X33 aro outlincd in the following poregrophs. They concorn tho
pisoforric, pisocnloic ond porclithio phases of soils.

RPisoferric phosg

A "pisoferric" phosc wos introduced during the Kwole

reeomaigsonee soil survey. It is mcinly oopliccble to

Ferrolsols oad is intondod to reoplooe portly thoe torm petrio
(Fa0,100.cit.p6s the torm potric is mislooding ns it convoys

Eho ide? of oontinuous loyers of induraicd motcerial or rock
=notro).

The pisofcrrio phase is defined ne follows: o soil which haos o

syer consisting of 4¢% or more by volumc of discrcto (looeo)
oxidic concrotions (like hordened plinthitc or irensionc),
vhioh is not continuously ccmented cnd hos o thicknoss of ot
loegt 25 EQ: tho upper port of hich ococcurs within 100 om of
the soil surfioc. It ollows roota to ponctreote,

pisocnleic phase

During tho somi-dotnailcd soil survey of tho Kiboko Resenrch
Stotion, tho torm “pisocaloio" wos introducod. It wns nlso uscd
to desoribe o soil phasc in the Tsowo arce, although the phase
dogignction was orroncously given os petrio on tho soil map.

& pisoonlcic phoge denotes o loyor in the soil consisting of
roundod, hord, discrcic ooleium crrbonsto nooumulations,
occupying 40% or more by volumc cnd having o thicknoss of ot
lenst 25 om, while the upper bhoundory occurs within 100 om of
the soil surfeooa. The loyer iz penetrcble by rootsa.

co-/16


http://op.ci-fc.p34
http://chr.pt

The torm poralithic phoso wsns ueed to deseribe o soil phose in
the Kisii ~nd Tsovo reconncisscnce soil swrvoy trens.

In znclogy to the Seil Toxonomy (100.0:’.1'..:).49.) it donotes the
occurrcnce of woothered poarcnt moterinl, commonly partly
consolidcted (scdimentory) rock uwith o hordness of less th'n

3 by Mohr's scole, but with o hish cinough bulk donsity :‘:nd/ or
consolids,tion Yo prevent roots from catering.

6, PROPOSALS FOR FUTURE AD/PTATIONS

A nunber of constraints cncountered vhile opplying the FAO
toerminology moy bo romoved uhen o mumber of terms crc reconsidored,.
It concerns the follouing dicgnosiic horizons: mollie A horizon
ond nitic B horizon, ond also the follow ing dingnostic proportics:
8lickeneides, vertic proportics ond wootheroble mincrals.

The definitions cs outlinod below crc proscatly being tosted by
the Kenyo Soil Survey, but hove not boen officiclly odoptod.

G+1s Dirgmostic horizons

8e1.1. mollic A horizon
The prescent dofinition ciwbroccs poromctors such asg @ 1) soil
structure ond consistonce, 2) soil colour, 3) basc scburation
peroontnge, 4) orgrnic matiter content, 5) thickness, ond

5) comient of soluble P,0 (Fa0, 1974,p24).

The cmplicotion of this dofinition to goil conditions in Konyo
hos led to the clossificotion of soils os PHAROZEIS, GREYZEIDS,
wollic SOLOUETZ cte. which do not hove o rclotively thieck, deorlk
colourcd, humus rich surfcce horizon, in vhich bivalcont cotions
sre dominont on the cxchongo complox ond the grade of structurc
is moderote to strong. In rddition; tho oritorion for softncss
iz not met (mollis=soft: Soil TPruzonomy, 1975, pld).

The mein constroints cro formed by tho prosent critorin for
1) the soil structurce and consistcenocc mnd 2) the nercentrge
orgonic mottere. The following cmendments sxro proposcd:

The giructurc of the mollic horizon shows ot lorst o modorsic
grode in rny sizo, vhile the consistenco vhen dry ig soft or
Blightly hord,

This will climinnte “mollic A" horizons thnt src both mossive ~nd
hord, in ~ddition, it is proposcd to rcoisc the rocuired

orgranic mottor percentrge to 2 or morc, throughout the

thicmess of the mixed soil (=10om), if no fincly divided lime

iz encouwntercd. The totnl orgonic motter content moy bo
enloulcoted ng 2.25 x %50 (Wolkloy—Blrok method). This merne

thet o number of topsolls which Jjust male the prescnt
recuircments ore disrcgrrded cnd more justice is done to the
origin~l mesning of tho molliec horizon.
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$.1.2. pitic B horigzon

According 4o the 5%0(1974) tho formcrly cnlled "Roddish--Broun
Lotoritic” soils hrwo been moade o soprratc groot soil group,
heeouscs

1} tiey show o movement of ¢loy vithin the profile but hnove
diffusc horizon boundrrics,

2) thor hrwve o doeply strotched clay bulge,
3) in genercl they show a low cloy activity

4) thoy howvo fovourable physicnl propertios and howe
relotively high fortility.

These soils hove boon nomed Hitosols (nitidus=shiny, bright,
lustrcous: connototive of thoir chornctoristic shiny ped
surfoccs, FAO, loc.oit.pl9).

However, in the present dofinition the occurrcncce of thesc shiny
ped surinecs is not diggmostic. Although the process thot couscs
the development of this phonomonom is not fully undorstood, tho
cxbensive occurrcence of theso soiles in costorn Africn, ond
probebly clsovhoro, their impertonce for cgriculturnl production
urrront thodir scprrcotion upon o more rofinced definition.

Cn the bosis of the avoilnble soil information mninly from Kenyo
(Sombrock ond Siderius, 1977 ond Sombrock ond iuchens, 1970) tho
following concopt for o nitic B horizon is proposod.

The pitic B horizon is on orgillic horizon thot hos o1l of the
followings

1)

o high clay content (more thon 4003) with modorsto to lou silt
porocntage (silt/clay ratio lcss thon 0.35),

2) o rentle eloy bulge (if cny), no or only grodu~l inercnsc in
the elay porcentoge from the A to the B horizon (ratio loss
thrn 1.2) cnd no or only slight deercasc from the B to the
¢ (loss thon 204 eley within 150 om from the surfoce),

3) moderatcly to strongly developed (very) fino to medium
angulnr blocky structurc (polyhedrsl),

4} mrny {moro thon 1045 of thoe surfocc aren) shiny ped paces,
which con not or can only be porbly osoribed to illuviction
crgillons,

5) frisble whon moist, but moy be hord vhon dry,

6) high oggrogrte stability (procticnlly no wotor disperscble
cloy in horizomse with low orgonic motter oontcnt), structuro
index of morc Hhen 90.

In oddition the solum of the Hitosolss

1) is well draincd and cxtromely deep (more thom 150 om),

2} shows o groducl deocrocso in orgrnic moattor content dowm the
profilc,.

vee/18


http://loc.cit.pl9
http://structv.ro

- 150 -

In nddition, tho zadjcetive "nitie" moy bo opplicd ot wnit level
for thosc Phocozems cnd Luvisols, or other soils, thet show o
gontle ¢loy inercesc with depth ond hove the propertics 1-6 nas
listod obove, but do pot fulfill the dopth recuircmcnt (cege
nito-luvic Phocozcms).

8.2, Dirgnostic properiics
$.2,1, Slickensidcs

The definition ns given by the FAO (loc.cit.p30) hos not chonged.
It is howaver wronoscd to introduce o size limitotion fo the
glickensido concupt cege thoy must be lorgor then 5 em™. All
grooved and polishod surfoogs cousod by stress in soil thot

hewe o surfoce cren of § om or less moy be colled "pressure
fooess.  They arc usunlly bounding porallellopipod structurcl
cloments ond normnlly ocour in the upper »oxrt of the solum,

while true slickoennides crc usunlly confined to tho lowor prrt
of thc =oil.

6.2,2, yortic
The term vertic is derived from “verto" mecning Yturn" ond
indiectes the churning proccss dominating in truc Vertisols,

On subgroup ond unit level howover thoe torm veortio is uscd %o
indicrte thet the soil moterial crocks only viz. "ot some porioed
in most yeors show crrcks thot are 1 om or more wido within

50 cm of thc uppor boundsry of the B horizon and cxtond to the
surfoce or ot leost to the upper port of the B horizon® (740,
loc,oit 0P31) .

It is mislocding to usc the torm vertic in this contoxt as thore
ore meay soils thot moy dovelop orcelzs upon drying ond ~s such
would scotinfy this definition, however, the soil mroterinl docs
not turn in ropootoed oyeles of welting ond drying.

It is thorofore suggested to roplecce the torm vortic with
rimic (rims (L~t.) = fissurc, orock). Rimic pronerties arc
not cxelusively rcestricted to Crombisgols ond Luvisols, but moy
occur in othor soils as well,

6.2.3. wmoothorable minersls

According to the FAO (loc.oit.p34) wentherchle minorcsls includo
some c¢loy mincrols, cspceinlly 2:1 lottico eloys, ns well aos
some mincrcls of the send ond tho silt froctions.

The property is usced ag once of the criterin to define the oxic
B horigon viz, "which does not hove more than troces of primery
alunino=silicotes such ag feldspors, micos, glosses and
ferromagnesion minorals® (FAO, loc.cit.p27, Soil Trxonomy, p39
and pédﬁ.
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For procticel purposes it is suggested to rofer to primnry
woothoreble mincrals of tho 50-250 mioron sond froction only.
The cmount is given 28 © porcentnge, conocived by ocounting
100 groins ond cllowing the follouing roting:

droge « not counted but soen in tho minersl slide
Yory fows l--4: fow: 5-10: common: 11-20 and munyt morc thon 20.

The mincrnls moy be scpercicd by meons of bromoform (s.:a2.89)
into light ond hcowy mincrols.

Heatherable light primary sond minerals include: volernio gloss,
cnorthite, oligoclnse snd biotilc.

Heothercble heovy primcry sond minersls includes hormblende,
~gite, olivino ~nd zotinolite.

This list is by no mcons complote zad indio~tes only some of
the more common mincrsls. Dotailed ianformntion is avrilsblo in
crious hrndbooks,

Conclusions

The epplication of the BﬁQ/Unosco (1974) logend cs o fremowvork
for soil clissificotion on o notional lovel hrs nroved its
merits during soil surveys in Kenye mand will contimuce to do =o.
Howover, ns more dotc cre grothored on largor soclos of mopping,
modificrtions to the presont legond willl be ncocasstry to suit
locol conditions. Some of %hese consiraints woere forcscon, but
could not bo opplicd on o world scalc, othors were notb
enticipnted ond crn stirlcote internntionsl discussion to
defince appropricte tcrminology.
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ppendix 1

'« Kindaruma

B|p unit
Llke2m

Urcl
Ure2/BUro2s
Ure3 /BUrelp
3Ubc1 /BUrelp
AR

fChet

3o Kwmle ~ Mombass —

T -

1
Mapted =soil classification terminology for various survey
areas in Kenya es shown on the map lagends,

(reconnaissance soil survey 1£100,000)

classification

I on I ~orthina | ORISOLS
FEKRalA — chromic LUVISOLS
ACRIX — orthic FERRALSOLS
FERRALX - chromic ¥ ACRISOLS
FERRALX. ferric ACRISOLS
VERTT® - eutric FLUVISOLS

(reconnaissance soil survey 13100, 000)
claggification

cumlo® - tumic CAMBISOLS
FERRAL®-. chromic ACRISOLS and FERRALY - humic ACRISOLS
FERRAL® — orthic ACRISOLS and FERRAL® — humic ACRISOLS
VERTTX ~ chromic LUVISOLS

Lungalunga (recomaissance soil survey 14100,000)

nap unit
Mm
USmr
U2
USeCH
USsC2
PKT2p
PKTa
PSTD
Ad2
PAG
PAT

40 KiSii

Jap unit
FEh

FBht
FYh
U1Xh

U1Bk
U11hn
U21hn
U3Bhn
U3Bh
U2 thn
U3Ch
U4Bh
UACm

Hbhe

classification
rhodic FERRALSOLS, partly pisofarricx phase
rhodacric® ~ FERRALSOLS
FERRALX - chromic ~ ACRISOLS
FERRAIYX - orthic ACRISOLS
FERRALS ~ chromic - and FERRALX — orthic ACRISOLS
vertio ~ PHAEOZEMS , sodic phase
caloaro- ~ pellic VERTISOLS, saline-sodic phase

i Hi " 1 11 L1
vertio® GLEYSOLS
gleyicxgnd vertic™ PHABOZEISS, saline-sodic phase
vertic~ - gleyic LUVISOLS and pellic VERTISOLS, sodic phass

(reconnaissance soil survey 13100, 000)

clagsification
Tavio PHAEOZGNS and mollic™ NITOSOLS
luvic and haplic PHAEOZEMS and mollic® NITOSOLS
luvic PHAEOZEMS and mollic™ NITOSOLS
luvic PHAROZEMS, dystro ™~ mollicx NITOSOLS and some humic
ACRISOLS
Juvic PHAFOZEMS and mollic™ NITOSOLS
dystro®.mollic™ NITOSOLS
drystro™ — mollic” NITOSOLS
mollio™ ~ NITOSOLS
luvic §gAEOZEMS and mollic NITOSOLS
mollic™ and humic NITOSOLS
* « humic ACRISOLS
verto —luvic PHAEQZEMS
ferralo~ - humic CAMBISOLS, petroferric phase etc.
vortict~ PHABOZEMS . %
humic CAMBISCLS,partly paralithic™ phase

(1) the terms marked with an "x" concern the "Kenys Concept” and are indicated
as euch in the text %o facilitate essier recognition.



3. Kiboko

JBp unit
P

P L

BUp

PBUp

By

BUbe 1
PAng
Farp

o IT w

(semi-detailed soil survey 1:50,000)

clagssification

ando® - calgaric REGOSOL
sndocumlic™ LITHOSOL

ACRIX - rhodic FERRALSOL
andocuwmilic® rhodic FERRALSOL
ACRIX .. orthic FERRALSOL
ACRI® ~ orthic FERBALSOL
calcarg” - pellic VERTISOL
vertic™ FLUVISOL, sodic phase

6. Anboseli—Xibuezi (reconnaigsance soil survey 1:250,000)

PU2p—PXre
sz-

TeTan, Lrea
Bp unit

Oy

&

' ULUpp
Pn2stup

P2y
Pgaon

AArc1

Pd7br/ parep

classification

ACRI® o rhodic FERRALSOLS

ACRI* - rhodic FERRALSOLS

FERRALY ~ chromic LUVISOLS

vertic® -. PHAEOZEMS, saline-sodio phase
FERRAL® - ferric LUVISOLS

ACRI¥® - rhodic and ACRI® - orthic FERRALSOLS
FIRRAL™ - ferric and FERRALX- chromic LUVISOLS
ACRT" — orthic md ACRI™ xanthic FERRALSOLS
FERRALX — ferric LUVISOLS

FERRAL™ — chromic LUVISOLS

verticX PHAROZEMS

(reconnaissance soil survey 1:250,000 Voi sheet)

classification "

rhodic_ FERRALSOLS and FERRAL™ - chromic LUVISOLS

FERRAL™ - chromic LUVISOLS

chromic™ ACRISOLS _

orthic and chromic™ ACRISOLS, petric and pisoferric™

phage

vertic™ PHAEOZEMS* sodic phase

orthic and vertic xsommz, rartly saline phase

sutric and vertic © FLUVISOLS 14 rh X

ferralic CZMBISCLS end chromic LUVISOLg Peralithic’or
‘petric phase

see/T1IT



we TIT o

8. Tgavo area (recomnaissance soil survey 11250,000 Mtito-Andei sheet)
Map unit clagsification
Nir rhodic FERRALSOLS and F‘ERRALx-chromio LOVISOLS

Palpp FERRALX~chromioc LUVISOLS

Pgpo3 pellic VERTISOLS, saline-sodic phase and
vertic* SOLONETZ, saline phase

ArCl sutric and vertic®™ FLUVISOLS

9. Makueni (reconnaiseance soil survey 1:100,000)

Mp unit classification

M2 FERRAL® - ohromio ACRISOLS

Frp, UiNrl ACRIF - rhodic FERRALSOLS

@3, U2Nb3 FERRALX - orthic LUVISOLS

ULir2p, ULNbL , ULNb1m,

ULngy,, U2Nbl ACRT" - orthic FERRALSOLS

RNr1p FERRAL - ohromic LUVISOLS

U2rg, Bld caloaro” ~ pellic VERTISOLS

lﬂ./ﬁ
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Ppendix 2. New terminology for the "Exploratory Soil Map of Kenya"
et scale 1:1,000,000

. New Great Group and Subgroup terminology

murram CUIRASS soils
vertic GLEYSOLS
mollic NITOSOLS
chromic ACRISOLS

. Unit terminology
calcaro-cambic ARENOSOLS

ando-ocalcaric REGOSOLS
nito-humic FERRALSOLS
nito-rhodic FERRALSOLS
vorti-eutric PLANOSOLS
luvo-orthic SOLONETZ
ando-gleyic SOLONETZ
verti-orthic CREYZEMS
nito-luvic PHABOZEMS
verti-luvic PHAEOZEMS
ando--haplic FPHAROZEMS
ando--luvic PHABOZEMS
ohromo-luvio PHABOZEMS
verti-eutric NITOSOLS
ando-humic NITOSOLS
verti-mollic NITOSOLS
(dystro)-moliic NITOSOLS
ferralo-chromic ACRISOLS
ferralo~orthic ACRISQLS
ferralo-ferric ACRISOLS
ferralo-chremic LUVISOLS
ferralo-ferric LUVISOLS
ferralo-orthic LUVISOLS
nito-ferric LUVISOLS
nito-chromic LUVISOLS
nito-chromic CAMBISOLS
ando-eutric CAMBISOLS



