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Abstract

RAalders,l.H. 1987. THe influence of soil animals on the chemical
properties of two well drained =soils in Fenva. Department of Soil

Science and Geology, Agricultural University Waageningen.

An attempt is made to show the influences of biologieal activity
on the chemical properties of two Nitosols in the Chuka area,

Fenva.

Three different kind of samples were collected from two profile—

pitess

- disturbed bulk samples

— aranular elems=nts only

=~ subangular blocky elements only

To study the influence of +he tvoe of vegetation additid
composite samples are taken. All samples were subiected
(total) chemical analvsis. 4 texture

the profilspit samples only.

The landuse, soilanimal-aciivity and soilstructure were stud
in detail.

analvsis was carried out
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Lel.inuyroouctions
Fravious research has made 1t clesr  tThat soilanimals  ce
important 1n the develooment of soils (WMielemaker.1984) . &
fauna has s areat inpact on phvsical and chemical oroperties.
Tiie 2im of thnis research 1% ©o obtain 2 better insioht in

v be
oil-

e

role of =so:1l animals (particularly termites: on chemical propsr-—

Ties Of the stronalyv wesathered soi1ls on the slooes of +the Fount
FLErv s .

It was assumed that animal activity resultz in a granpular
structuwre which arsdualily will change into 3 subanauliar =tuciurs

O

is
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LoZobisneral intormation on the rescsarch aross.
1.8.1. Location.

fne researcn ook place in the Embu district of fenval( mapsbest
iz o Le30.000y. The two pits (P24 and FIS, s Tig i used for
the resesrch were located nsar kKathageri and + wiliaoe Eioumo
i At an altitude  of approx. e m on the footsinpe
renva. A detailled site deszcrioiion is to be Found

0N oane 4.
ror aaditionai information 1s referred o Salaers and MPDbe.
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1,220 Climate.
Gre Climates of the E;Garrh DI 13 Chazmglyyed A% sSup—humid to

SEml L i, B

Tha avaraoe Pain%all'variEE_ trom 1050 o 1400 mm. There are two
iny seasons in Aoril=FMav and Octobsr~November. Most of thelrain

tallz in those two periods.

The mean annual temperature is 20-2800 (Jaetshold. 19933

-t

1.2.5, Heoloov.

lew of lava— % laharflows “rom sruptiones of the Mount Eenva
cover the ragaarcn area. During the eruptionz porohvric ohono-
2rviz lavas and neoheline svenite wers ziescted.

oT

I

Thess  three kinds materizl arz2 onlyv Foune in the Aioher
regions of the Mount Eenva. They are chemical identic. but differ

in tTexturs. On thes lowsr siopes mainly porochyvric ohonollites

[
H1

fooaeneEral description of the chemical compositicn of phonolile
in table 1. {(Campbell Smith,193i).

laple 1 Chemical composition of oporphyvric phonolite (in %)

(Campell Smith.1931%

o
Ll

Fir

20 | b aé
H2u+ 00,75
HZO- [ 1.00
TiO2 | Q.30
Fens i 0,48

i

i

£

!

1.2.4. Soils.

The =DilS are classitied according to the USDA Soil Taxonomy
(Soil Conservy. Serv, 1975 & the F&D  lsmgend of the soil map of
the wm*14 (1 ,UUO,GﬁOu FAO/UMNESCD, 1974 .

The Fal-claszifigation iz used in Eenva with some adiustmeEnis to
the faenwvan antmaflon. The seils of the reszearch ares are desn &
well drained. They consizst Ta AN

lv of kaclinitioc clavs (& 20
L

in
The soils ars classidtied a itosols ( Nobbe, 19340

1%
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1.2.5%. Human influence,
in earliser VEars the area was
veEgetation. I+t has changed
oo~ &Acaah:rops.

Covered with g rainftoragt
BVEr zince and ig MW cuitivatag #ith

The main tooderops are maize. peans and bananas, Thev are arown

on small  Fie lds, shambas, either as & monoculture ofF in mixed
croooing.

The main cashcrop is cotfee. Thig or
instructions of the ca++ee.artorv.
trne use o+ Ertlll_EFnu terracing

0o 13 Qrown according to |the

The farmers are instructad in
ahd =01! manacement 1n general.
Eco 10m1uallv less important CroDe
Iri

Are cassavas, Styoot Dotatoes.
HEDN Deas, napier orases

B mangoes, lamonz, bDranaes and firewdod.

-
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2. Fethods.

Two

1987 .

w4

F i om
Wer e

The aranular and subangular biocky structure elsments were
zmamiled if thev could be recognized.

Thaws

pits with & different landuse (history) were selacted and
decscribesd according to FAO guidelines (FAD,"63). In additio
nrofiles have been described in detail on tfeatures relat
bioloaical activity such as  fungi-chambres and channels (N

sach distinouished soilherizon the following thresz sa
taken 4o laboratory analwvses:

1. disturbed oulk sampls
Z. granular structure elemsnts only

. subanoular blocky structure elaments only

o

r

KATHAGERI

«+— road te Kigumo

S50 M
: ]
d. A: Detailled map of the location of the rondom samples

h the
d to
bbe,

mples

onlwv
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Additional information was gained by site observations (FAl, "47)

and 1ntervisws of farmers.

o smtudy the relation betwuwoon soitanimal-activity chemical
pDroperitiss good vegRtationtvos 5o called "random"  camples of

vrotiles of  the sams  =oilunit and  with the sames topoaraphy and

hvdrology, but with 2  difisrent vegetation/landuse az P24
collected i(see figure I).

wWereg

For this purpose holes  about 40 cm deep were dug and distlurbed

hulbksamples of

=10 cm. 10-20 cm  and 5040 cm  were taken for

laboratory anaiyses. In the field a1l samples were compared with

those of F24 on  features ag colour, structure and biclaogical

sotivitw, ]
Z2.2. Laboratorv methods.

fotal Fel, FeZlz, ehi20 and MNalZ0 wers obtaineod by a wet destruction

methog. H“ﬁ+ was obtaimned by heating to SO0ol.

Sar wWan pzerd Sor the +otal conoentratipn of

a1l

1] HES carried out by the stadd of fhe labora—-

tor 2 dpna”tmnn* of Zoll  Scencs and Geoiooy., fAgris. fniw.

of

The moiztwre content (H20-) was obitained bw drving the sanples

SUFing 24 hours in oan oven at 105 oC.
The oraanic carbon contant  of the sambles was  analwvs
maLthod of wet combustion. MNiir COEn W

method of Kisldahl.

(=]
% analvsed accordinn o Ehe

In soiutinns of HED and UaCiZ (0.01 MY the AH was measured | with
an wlectronic pH-meter.

Tne CEC  apd exchangeable catioms were analvsed bv the Li EDTa-
mEthod., but becausa of URusual hioch values, the Caf+ was analvsed

by u”lﬂﬂ the Li EDTA-Nad EDTS mathod. whlch vieldsd more
reasonable results,

rofiles P24 and P12 wero detsrmined on the o
textLrE'

2.5.0%Fice work

In order to come to conclusions about the researchH results of
figld and laboratry work are careftullyv studies.
Fesults of the analvses are tombared and the msan values of
scil profiles are calcul sted,

Toaether with +the additional information available the <

[

iay-

the

the

inal

conclusions ars made about the differences between the samples.

The computerprooramm  LOTUS 123 is used to make aratics to oi
better viesw on the differences.

ME &




St

e

i

o The Influence of Seri ] animals mp thea Chemical
Rronerties of the 5011,

Fele Sitas descrioption,

The sites are located gn almost §1at Darts g+
the  pMount Eenva an desp weathered,
auil%aunahattivity isg high"very high,
level ang the effective sSaildepth are vary demn,

Selodl. poa Eathageri

fhe pit je Sltuated ip 2 Shamba wity Cof
bBean intens&ly cultivated for abaout 040
TRUNG weedz arg Mixed with -
he owner aonplies tertilirer HRCe A vesr in a0ril

925 agsinst insscts that attack +he tr-

~A.20 Pig Eigume
The pit  §z Bituated g+ the

the ﬁoatslope
Well-draineg 50ils.| The
The aeneral QX ounciwa |

a1

of

q=] .

mbhs,
lso ysos
VY22 a0

ECrner of g zhamba, Thisg =hamba makes
& dessortad 1mpression With some Nice loaking Maice, gos Ma1rl v
Frapi e arass, B : i .

AT fhe MOomant R
onliy temporarely
DeEn fallow oy

2 human ACtiviiy npn

+ because this shamps

this shambs s low,
13 =
since the last Orowing

103 Tha

random samplog
The |ERI, whars the

Fandom SRNTIes wers= coll

lected, consist
number of  amaig Shambas  npeg, Fzq, They are all inte
cultivatay With Mmairl v foodcrmps, but somse Wive the 1mp
that thev ars left tallow fopr ong Srowingseasmn .

At plares With the

= toliowing veaetation the tops0il was

Sample ne, vagetationtype
1. under 5 largs nanootrea
2. under g firewmudtree
=, in s Cotfeeficlg
&y in a fielg With

intercrqpping of maize
S2ans

healthy maize
unhealthy Mmaire
healthy maize

D
.

Thiz §

sale, The fialg has

2d nf |z
nsively
Fess=ian

sSampleg:

&




e, =

-

Seds DEscription & sampling of the soils.

e

In  asddition fto thes disturbed samoless oranules and subanpul ar
'
0

Rlocky structurs slements were collected separatelv. The )
sLtiructuwre sraments were taken from biogenic channels & Raolesl

The soiiamimal activity in  thess soils  is hion considaring bhe
i

L channels % holes in both pits.

0

numbier o+ niogesn

The ranaom samcles  wers  taken From s=mall pits at deptihs of
( =

Q-1 om. 1020 cm and  Z0-40  em. Only distwurbed samples
are comgarsd o P24 Kathageridi in the  fiesl
colow- (che 20401,
Wwera rouvaht  to the laboratory of  the So1)! Zo:

takan. {he

, o " . : - . - - I
get. of the Aoric. Unive oFf Waoceningen for chemical & slementa

Throughout the orofile detailled drawinoes of patches of 10

omowers  made. From  these drawninpoas the amount  of agranules and

aunanaui 2 blocky  structure slements could bes counted
4. . The intermediste betwsen a aranular and a sutbanoular bl
structurs 15 Called massive.




Z.E.Results of pnvsical properties.

D a oetailled degcription of the vhvsical propertie
reterred to Naobbe 1987. Soms of fhe Dropertiss are menbtioned
©othelr imoortance in the resuits of this res=argn.

Eor

o

7+ the pits F22 and F18 are analvz
Torces betwesn the clay particles,r
psE2udo-silt, could be an explanatio
at ratios found.

-

The disturbed =amples

Texturs  (Fig 4). Stron
ting in the formatisn o
tive unuswual hioh silt/c

e TR

FIG.4 texture analysis

P24 & P18
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" FIB SE :

Distribution of the structural elements -«
T T 100 ey g T xﬁgbtjangZ/zy 7 éég2¢f
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7 4o-\}//‘/3\ \\\ {‘\\\ //,
N7 7R SSENNY
30—//// ;’///,: 5{% ;//;/Z
)7
NZN 7/

. - 1 "
71 granules ¥ massive % (771 subang %

A

Table 2 The comparison of the random samples with FZ24
sample soll+auna jcolour structurs others
no activity
Fz24 very high j2.93YRZ/4 | see table 3
1, very high (darier more granulars loposer in
. near surface topsoil
2 Fhiah darker larger structure =~ !looser
=leamnents consistence - |
2 high similar More massive near -
.. surface
14 high similar similar stones at
; surface
= hiah more red jnear surface mass. —
% subang.bloclky.
&. very hioh |similar cCrust, omore Qran. .
in subscil
7 very high [similar massive % more gran{ ——
structwre
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Z.4. Results of the total analvsess
The fractions < Zmm % 2 2 um of the samples of the pits (appendix )

and the Fracionz , Zmm of the ranules and subanoular blockv slements
and at the random zamples (appendix 4) were analvssad.

The eglemsnits  analvied are Si0Z, A1207 Fez0%. Fel, Cal. Mgd, NaZd.
RO, Ti0Z, P2ZOS, MO, Bal in massfraction percentaos.

Z.4.1. F24 (BEathaneri).

The mEan 2l emental contents of oranular & subanowlar blocky structures
fic =

= Nardly any differences (fig &a. app.?).

Tna d1+%wrwnreg witnin the profile occur mainly in the subsoil (3G-120
wmi ywnere the valuss of subangular structures for Si0Z. &120%F are
nigher than thoss of the aranular structures ( app. 4ab.

Disferences in the topsoil ococur only for FeZOZ. The aranular struc—
tures have higher amount of FeZlX +than the subanoular blockvy struc-—
Turez. Ths differences of =11 the other slements are very small.

-+
HI]
3

The differsnces between silt—- & clav fraction {apo. Za, fig &) ars

better pronounced than betw2en  =subangular biocky & aranular stroe—
tures.In the clay fraction the amount of 3i0Z, ALZO0Z and Eal are|much
higher than in the silt Fraction. All other slements have ! owers

vaiues. of which the differences in FelZO3., Cal, TilZ and Mnd are|most
oronounced.,

ZL.402, FLIE (Figumol.,

Therse arese diffsrences betwesn  the elementanal voes of aranular &

sSubangular blockv structure, but they are too small to be of anv
significance { app. 2 % 4b, fio &) .

Similar to FI4 the differsnces botwesn silt zlav +raction are far .
betitar Drﬂncunced. The main differences are Found in the amountsz of
5102, ALZOZ, P03, Cal. Ti0Z. #Mn0 and ERal.

S.4.35. The random samples.
Theze analvsss of the random sampbles can be divided into three oroups:

&. mangobtres
be. maizrse samplas
C. coftes.firewood.maize= % beans

The largest oj (=
manootres  nas ﬂe‘
amounts of 4841303

nces with F24 Kathageri coccur in aroups a & bl The
higher amounts of Fel., Fol. Cal, F205 and lower
205 and Fnd.

4
n ri
t"J
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s
.50 Results of the chemical analvses.
The mixed & structure sangles  were analvzed on oroznic matter,
nitrooen. pr {H W DaCliZ), suchanoeanles bases and CED (FAoDo. 5 % Ay,

Zedeie FEE (Fathagerq)

The oH of FI4 decreasss with the depti. The m=an oH  of the gran-
ules 12 higher tnan of the zubanoular blockies (fi1g 7).

Th= mean Sraanlc CAFDON and nitroogsn data snow hardly oany 01++@renc§s
betwesen the éi;turbed, aranular  and subangular plocky samples [ fio
8., bur they decrease stronaly with depth.

The amount of CalZ+ 1s much  higher than thRat of the other base=s (fig
Zi.The mean values of F24 do now chiangs much excest for those of ﬁ+,
The topsoil has & higher CEC  and Cat+ content  than  the subsol
($io. [0,

S.DLE. I8 (KD gune)

Im oenera mical properties of P18 are the came ar littlim| lsss
than tose of (fig. F—1C:, WUnusual iz the g=
Seoth, The af  organic matter |, Cald o

CZD are lower than thoms of Foa,

depth bobh pits become more similar.
o differences between the data  of Srranules  and  of | sup-
clocky strucrurs s2lemsnis.
-o=

Z.5.30 Random sampleos
The mixed samples of +the random samoles have besn compared witih the
value=z of both pits,
The mean valuess of the random samples differ. but the ditferences are
neither laroe nor regular except for sample number oFig 7.8.11,.13).

The most important differerces of =ample 1 (manoo) are found in the
oraanic matter, nitrogen, CaZ+ and Na+ content,

pared to F24 sample 2 (firewood) has a lower amount of Cal+, Mo+,

Sum  of bases, CEC, while +the amount of nitrogen is hiaoher. The
unt of K+ at Z0-40 cm is remariebly hioch as is the basesaturstion.
Sample I (coffee) hMas 5 smaller amount of bases & CEC compared +q the
values of FZ4.

Sample 4 imaize & beansi i more liks FI8, axcept for a2 hioher
amount of oroamic matter, Aaltrooen, Cal+ and E+.




M-.ﬁ

i7
. e
Comparsd to F18 Kioumo sample 5 (maize) has a hioher amount ot aroanic

matter and nitrooen.the CEC % sum of baszes are lower while the

basssaturation is similar,

Sample & (malze) has & remarkabls high amount
organic matter, nitrooesn, joH, kE+. basssaturation are Hinhe

Fig,

Samble 7 wmalze) waes als
organic matter,nitrogen, K+ and basesaturation.
and MgZ+ the values are lowsr,

S0 Combarsd a0 FlE and nas & niaohe

mount
than

of k. The

o amount
For CEC ,C/N-ratilo,

e
~r

3

ot
oH
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come from s rel atival:
Ve made  1n oifferent sranes of
zUrrong Leoed luamre ori the results,

numbgr of
= research

ot
o
W

Tan fhave

The results of the dis twrbed, aranular and suban novl ar  samplez dg fot
show & significant difference. Thm differences are rather smalll and
-7 the methods used are too inaccurate o nive slanificant resul+s,

EvﬂﬁhhﬂUuh the resulits are Iimited., somethinoe can be  said. Soil
- i

esmecially the uss of fertilizers cam areatly influpncs
itferences, )

str 1bnt1mn of granular and subanoular blocky structures arnd

tes in ftexture betwesn thezs c*rur+ure Rlements miaoht have

o g0 with 1it. Thess rcharac %e istics can  be infiusnced by

ﬂ, but  the soilstructure i 2 qomplar of

uences. From this ressarch it cs be concluded that

i are resoonsibls fop
: st b o between both pits. It is
' £ ; zlemsnts difFer and
rougly the zame.

Stiructurs
=ETability
animals in

The larce ciffersnces in resultz betwesan land fthat iz left faliow|dor
ONE Qrowing  season and that beimng supplied with FErTIlizer nive an
indican of the fast chemical chanos dnoerr theze olimatic c1"&um~
=tances. The speed of chemica channes v thi .
scale ressarch on chemical orogsrtl as

Ole.

2% between oranuless andg stbangul ar bigoky

rences betwsen the =ilt and o1

refor important fo bnow i< there are |any
=1yl hm cfrucrurn elem2nts.

Mayv be those rﬁnuiLa are of oreatsr mmortance to the chemiocal DI ODer -~

ti=s than the actfLivity of soilani

h The random samples zesm to differ onlv because of the differencel in
landuse for the tesults are rather similar with £he arception of fRhe
manaornreze. The manactree-nrofile i% a relatively rich one.

+ o

I+ soilanimals are responsible for  theo guantity of granules ip g
soilprofile, the final conclusion of this ressarch is that thev Hardly
- influence the fertility of the =oil.
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ADDendiy g 501l de Bncriogtion Pog Fathaoaeri
UJ”EFfGtiGﬁ o FLAZ2/ Ty
Faro~Ecoiog Main coffam Zone
Mauulnu L YO
Soil Clszsi *humlu Mitoan] (Marmy - Araludol ]
AN DC]H:tJﬂdaDhﬂﬁﬁ Tit F1 0w
- FhfalDDFﬁ :voirahlf "mﬂ*r’ﬁn@
Relisd tFiat
Vessigt 1Dn!14nﬂuse tCoffes
Erosion inon to o verh =1iah+ solash erosion
Rockiness rnil
Surface stoniness tnil
Overwash. o wﬂrhlnw imil
Slobs aradien: HES IS
Surfsce ==2lin naserustimg :crarLs. Wwidth 5 fen , BhAacing 15 o4
E#+ect1xe S0il dapts . 2EIL0 em )
Drainage Clazg 'Well drainsd
Fey 1o 155
B0 O—i5 g Dape i reddish brown (57 SAZ. mmdst) ‘P oEilty slaw o clave
modmrain Yery fing g fine Srranul s Siructurs: YEry

triahie wWhien moigt, =] antl BTIoEY mpg Slightly
WHRn et manyv hlﬁmn*EE: VESY fraausnt VErY fine romtls

Fabruptk and WavY +ran»1t ian tgor

H-

i LE-E0/35 Em o Dusky red (2. 5vR SSE . moi Et); il tla; tm clay;
Mder st e VECY  fine tpn Bubanaul ar blork structups. vers,
friahle when mujmt. s1iah tlv Sticiky ang =11 ;ntl& Blagric
A When wm+- Mmarry 5ionor- TESI very TrEGuamt YEPY fine and
Vﬂrv treguent fine COULs: clear and wavy 1 an nsition t+g;:
R s Y 1 BN om sky red (2.5YR Y SN le:LJ: 5ilty clav tD clay;

3 MUdEfﬂtL YEFY finm angul ar and :HbaﬁCLl
Turg: broken thin clav gkins; VECY friabis
Jligntlv sticky and =14 tohtly plas tie w*er Wet
biomorea,rommon YEry fine and rommon fine
Qradual ang Emootm TIransl1tion T

B i5-90 - Dark reddil sh Drown (E-QVR /4, ma1¢+ and dark red
(2. 3YRE/ 4, moiztiy zqj Y clav te clav; mocierate Vel y

= +1ne anoular and subqnuular slocky btrurtUFE' broken thin

Sty

Clay sking friable when moist, slightlv stickv and
3 Hllahfl« midaflc when wet Mmarny blmnores- Common veny fine
1 and fipe roots; ur;dual and smoogth tran~1+1on to:
TBE 90-3130 om ark rad (Z.5YR 35, MOist): siltwy clav +pn clav: modeop -
. Ate vopy finos A&navilar ang dubanoular blﬂclv structure-
{ broben thin clay Skins; tfriable when moigt, slightly
- Sticky ang aliuh+lv Dlatsje wWhisry wetr many blouores-

cammon very fine and  fipg Foots; Aradusl sng Emonth trrane—
b itior +go;

130-2004 €M Darl rad { Z.svm I, moj s+ ) Silty clav tr C1av: morder—
ates Vary fips annular blori& sructure' Ratchy +him clav
sking; VErY friahle when moi=t, HllﬂhtTV sticky angd '
allnhtlv Didvrlﬂ whﬂh-wet; many HleDres; COMMON wvapey Tins
AR fine roots, ‘
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Aopendix 1b @ Spil descibtion FLE Fioume

Obzervation no t12275~-18

Agro ecolooical rone tMain coffes zone

Mapoinog wunit F )

Soil Clszsj %1§at1am thumic Mitoso] {vErmie Aroiudoil;

Farent materiai tPvroclasti e materiﬁl#Fhmnﬁllin

Fhvsi Duramhv :Top of Volcanice Footridaos

Rel i ey tFlat to YErY gently wnd&latinn

Veagetationslanduze PAnnual croo culg lvation )

Ermsion ivery slioht sheet and snlash srosion

Roslkinsss snil

Gurface stoniness snil

Dverwash/overtl ow inil

Zlops gradient i 4

Surface stoninsss itnil

Effective soil depth 1160 om

PBrainanose class twell drained

Horizons:

A O0-33 cm Daork reddish brown (Sve L2, moistiy siltv loam: i
ate.  varvy tine, oaranular structure: ?riablé 0
=ticky and slightly plastic when wat: manwv biopores
fregusnt, Very fine and common fine rootz: gradual
wavy transition tog -

B Lark reddish browa (SYR AL moistir osilvvy clav: mo
ate veryv fine te fine subangular blochy sLruchure;
thin clav sikins: frisble when moist, slightiv stick
zlightly Dlaatic when wet: many biopor=s; few fine
common very fine roots: diffusze and smooth transiti

vl 100-160 cm  Dark reddish brown (Z2.5YR 3/4, moist): silty clav:
ate very fine subangular leLlV structure: friable
moist, :11nh+lv sticky and slightly plastic when we

biopores

few fine and common very

fine roots,

aidd

En to:

mod e —

when

ts many
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Appendix 2@ Mean elemental content (in %
- D10/ Hl20%/7
5i0z ALZ20Z FelZO3 Fel ALZO3 FeZil
F2
L 2mm A 29,4 11.4 0, 2 1.3 A Z.&
~ 4 2iam 43.8 5.1 I.9 .1 1.2 12.8 10,2
aran 9.0 28.9 11.5 0.2 A T4 2.3
.. subang. 2.7 293 11.5 .2 1.3 E.4 25
Filg
T 2mm 41.2 29.2 11.1 0.1 1.4 2.7 2.5
£ 2um 44 .9 B0 .1 Gul 1.7% 14.8 11,5
gran 40,9 29.1 11.1 O.1 1.4 2.8 2.8
subang 40,8 29.2 i1.1 G i.4 .7 2.5
randoim
1 2.4 25.7 10,02 SR 1.5 .9 2
2 r8.8 27.8 1i.1 0.3 1.4 2.9 25
) IE.a 27.8 11.0 L 1.4 .5 2.3
4 IBL& 28.5 11.3 0.2 1.4 .4 ]
) 9.2 8.7 11.2 G2 L.d Z.5 2.
& ga.e 27.0 1.4 G.2 1.3 .4 2.4
7 IFL0 2.0 11.46 0,2 1. Z.4 2.3
Feliis
Fed Mol Call Maz2d <20 Tigz 205
g
. Zmm Q0.0 [ I QU= Gad .4 1.4 CL3
] % Zum 5.4 G.2 tr GO.1 G2 Q.8 0.3
ar an Q0,2 0.3 0.3 S G. 4 1.3 Gax
=ubang 87.5 Q.3 Q.2 Gl 0.4 i.g .3

Zmm FEI.G 0.3 O 0.1 0.4 1.4 O. 3
—t 4 2um 20.7 0.2 Ty QL1 0.4 G.9 OuE
T oaran 111.3 0.3 G. 2 (V| G, 4 i.4 =
‘] subang 111.3 Q.3 0.2 G.1 0.4 i.4 i
4 random
1 246.9 0.5 1.0 0.1 0.4 ' 1.3 0.8
-1 2 43,5 , 0. 7% 5 Y 0.1 Q.5 1.4 0.4
= 2.9 0.5 G é& 0.1 3.5 i.4 Gu 4
4 56.3 O3 0.5 a.1 Q.5 1.4 QL3
A 49.9 A L 0.1 0. i.4 =
& a6.8 Q.3 0.7 0.1 0.4 1.4
qb 7 o1.4 G, G, G. 1 O.4 1.4
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Appendix 3 a: Elemental content of the disturbed samples

F24 Hathageri ( disturbed % < 2Zmm) in %

5i02 AL20E Feli> Fel

8.3 27.59 11.1 0,3 0L Q.4
I9.4 28.4 11.4 oL 0.3 0.5
2.8 20.0 11.& .1 Q.3 O3
4G, 1 Z0.4 11.9 0.1 O, .1
4¢. 4 0. & 2.0 0.1 O, 2 Q.2
Si02/
EZ20 Ti02 F205 MnD Eal AL 203
0.5 i.4 0.4 1.0 .l 1.4
0.5 i.4 0.4 1.0 G.1 1.4
G.4 1.3 0.3 0.9 .l 1.3
0.3 1.3 G.2 .8 0.1 1.5
0.3 1.4 .2 0.7 Q.1 1.3

Fezoz/
F=0

Z7.0
-g8.0
114,00
119,90

1200

[N AR S
[EalR ANl

F24 Kathageri {disturbed % < 2 um) in %

Si0z2 GB1203 FaldZ Fed MgO Cal
.9 25.2 5.2 G.l .2 tr

47.5 4.9 .8 .1 Q.2 tr
44, 2 I5.3 2.6 0. 0.z tr
FZ.8 5.3 .7 0.1 Q.2 tr
4%.8 4.8 4.4 Gl L2 HEI )

£i0z/

B20 Tig2 F205 M0 Eal AL20T

0.4 0.8 0.3 tr 2. 1.2
0.4 G. 8 G. - 2. 1.7
G 0.7 0.7 tr 2.9 1.3
G.3 0.8 0,5 .l . 1.2
0.3 0.5 0.3 0.1 3.0 1.3

Al20=/
FeEGE_

FEE =4
Fel

11.0 2
.2 et
iZ.6 28
7.5 7

7.9

T

P24

Ga 1
Gl
0.1
Tt
.l

5102/
FeO3

MalZl

0.1
0.2
0.1
0.1
-

Si02/
Fe203

13,7
i1.4
17.0
11.8
10.0
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; Appendix I b: Elsmental content af the disturbed samples P18
F18 Figumo ¢ disturbed % < 2 mm) in %
1 .

L sinz AL 20T Feazos Fal Mo Cal MNaZD
depth

| O-Z5 om 40,95 28.3 11,0 G2 G.3 G, 3 O,

I IE-100om 41,5 29. 11,1 0.1 0.3 0.2 o1

100-140cm 43,7 9.8 11.3 0.1 0.3 0.2 0.1
Bi02/ Si02/

k20 T:02 Fz205 MnO Eal AL 203 FeZ0z

O-33 cm 0.5
Z5-100ecm O, 4
100-14Cem 0,4

1.1 0.1
1.2 0.1
1.0 0.1

e
B0
A A
L
R~ Y

o L
R BN IEN |

AlzZ0Z/ FelZiZ/
FelOz Fel

S5H.0
111,00
11%.0

[ O-Z3 cm
a Zo-100em
100—1&D¢m

B3 3
e o

FIi8 Kigumo (disturbsd o 2 omu) in %

ik 5102 Al 203 Fal(x Fe0 Mol Can MaZD
depth

G225 om 44,8 4.8 .5 .1 0.2 tl T
L I0-100cm 44,9 T 2.8 .1 0.2 tr 3.1
! 10G~-180em 45, 1 A5.2 2.4 (ST | 0,2 i a1
_ Bigz/ 5102/
i— K20 Tigz | Fzis M Ezd Bl203 FeZOX
O-Z5 cm O.4 0.9 ) tr 2.5 1.3 12.8
P 3D-100cm 0.4 .2 .3 Lr e,z 1.7 16,0
! 10G~150cm Q.4 0.9 G.3 tr 2.4 1.3 15,4

j
{ ALZ20E/ FezDz/
l Fezoz Fel

7

g O0~35 cm 9.9 5.0
lh 2E-100em 12,5 28. 0
L 100-180cm 12,1 -
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Appendix 4 a. Elemantal content of the structure alemnsnts | P24

F24 Kathageri ( aranular 3 in %

102 A1203 FelZ Fel Ma0 Cal HaZ

depth
O-13 cm 8.4 27.4& 11.% 0,3 0.3 Q. & G.1

FO-60 cm I9.,4 29.7 11.7 0.1 O.Z Gez 0.1
&O-120cm  3ITF.1 29.9 11.46 Q.1 Q.= 0.2 Q.1

Si02/ 102/

20 MnQ Eal ALZ0OZE Fel0Z

-t
=
o
I3
L
r3
o
&)

0-15 cm 0.5 1.4 Ced 1.1 o 1.4 Z.4
JO0-60 em 0.4 1.3 0.2 0.9 G.1 1.3 04
L0~120 cm Q.4 1.3 G. 3 0.9 0.1 1.5 .4

AL 203/ FalZOX/

FeX(Ox Fal)
O-1% cm 2.4 7T
AO—4O cm 2.5 117.0
1~60—120cm Z2.5 114&4.0

LY

Fi4 Fathageri ( subanguilar blocky ) in %

sioL al2os Fednl Feld Floi Ca Na0

depth

T 015 cm EBL4 27.5 11.0 0.4 0.3 0. GO.1
J0-&0 cm 40,72 20,0 11.7 0.1 0.3 0.2 .1

&£0-~120cm  40G.4 I0.4 i1.8 0.1 G.2 0.1 G.1

! Sign/s Si02/
20 TiOz F2OS MR Bal Al20% | Fe2O3

! 0-15 cm 0.5 1.4 Gl 1.0 0.1 1.4 IS
L F0-60 cm 0.4 1.4 G O, 9 0.1 1.3 .4
L0—120cm O, 4 1.3 o, 0,9 Gal 1.3 o4
Al203/ Fel0Z/
Fez0z Fed

D—-1S cm 2.5 27.5
T0-60 cm 2.4 ’ 117.0
FEO-120cm 2.6& 118.G




depth
O0-Z5 cm
23~100cm

100-160cm

O-325 om
I5-100em
100-1&0cm

O-3%5 cm
Z5-100cm
100-1460em

G—25 cm
Fo-100cm
100—-14&60cm

0-2Z5 m
S5-100cm
100—-1460cm

O=23 cm
IT=100cm
100—-160cm

0

Appendix 4 b. Elemental content of the structure elemsnts
F18 Kigumo (granular) in %

5102 ml 203 FeZOZ Fed Mgl Cal

4. & 28.46 11.0 0.1 0.Z 0.3

41.0 29,3 i1.2 G, l 0.3 .2

41.0 29.5 11.2 0.1 G. 3 0.2
102/

E20 Tig2 FZ205 Mn0O Eal Al 203

OuZ 1.1 G.1

O. 5 1.4 1.4

0.4 1.4 0.Z i.z 0.1 1.4

0.4 1.5 Go3 i.0 0.1 i.4

Al Z20Z/ FelRI/

Fel0X el

2.4 110.0

Zeb 112,06

2.6 112, 6

P18 Figumo { =ubangul ar Dlockv) in %

5102 Al203 Fe2O3X Feal MgD =0

42,7 8.4 itel el .3 G.3

41.1 29.5 11.1 0.1 G.3 0.2

41.0 2205 11.2 0.1 ) 0.2
5102/

B2 Ti02 F203 MO BaD 1203

D4 1.4 Q.35 1.1 0.1 1.4
0.4 i.4 0.3 .2 0.1 1.4
Q.4 i.4 0.3 i.0 0.1 1.4

Al 20%/ Fe203/
Fel2(a Feld

2. 111.0
2.7 11,0
2.4 112.0

Mald

O.2

G.1
0.1

Ei0z2/
Fe203

a7
A
e f
o vy
e




1. Mango

depth

0-10 cm
10-20 cm
Z0-40 cm

O-10 cm
10-20 cm
I0-40 em

O—-10 cm
10-20 cm
S0=40 om

2.Firewnod

depth

O-10 cm
10-20 cm
S0—40 om

0—10 cm
10-20 om
F0-40 cm

O=-10 om-

1G-20 cm
E0-40 cm

Ze.Coffee

depth
O-10 cm
1CG~-20 cm

I0-40Q cm

G—=10 cm
10-20 cm
I0-40 cm

=1

Appendix 4 c. Elemental content of the random samples

Rardom samples in

5102

A=
R R N
“r =
S

A
K20

O.&
0.4
O &

Al 2035/

Feal203Z

a

i =
-
Ll

b
i

g ~i
Sigd
oA
il w T
EB.7
L = .
L

AL203/
Fazoz

FY Y 13
Ln o in

£ip2

A= P
8.7

2.4

2.5
.5
0.5

AlZ03

) -
25,73

e
26,2

27.4
TigZ

1.3
1.5

1.4

FaZOZ/
Fal

200
25.3
e
P P

f1203
27..
7. b

2B.5

Ti02

[
R Y

FalD3

10,0
1¢.1
10.&

F205

0.8
G.5

Q.7

FZ0S5

.4
Gu.4

0.3

Fe203

10.8
11.0
11.2
FR0S
0.5
0.4
(.4

|
[H]
Ct

0.5
0.4
0.

T

M0

G.g
0.8
0.2

[

T
el

M

1.0
.0
1.0

Fel

O, 4
0.3=

0.2

0.9

O,

0.9

Mg
0.5
0.5

0.4

MgO

ad e e
4 (A

BEal

G.d
o1
C.

Cal

1.0
1.0
G.?
Si0z2/

ALZ0T

Pt A
B

G0k
.k
C.o
Si0z/

A120%

ST S
N S

*

0,2
O.1
0ol
5i02/
Feldh

[

AN I}

o1
Guid
il
10z/
a2l

LY

4= LA

LA L

MaZ

Gal
(O
C.1
gi0z/

Fezh3

-

et ot
- e
e o

- =
-t



"

O=-10
10-220
S0O—40

4. Mai

depth

0O-10
1020
Z0—40

O—=10
1G-20
040

O-10
1020
TSO-A0

oM
o
om

e

zm
om
=m

cm
om
cm

D. Maize

depth

O—10
10-20
SO~

G—10
10—=20
EO-40

Q10
10-20
A0

CMm
om
cm

cm

tm
ocm

cm
cm
zm

&. Maize

depth

O=10
10-20
ZO--4.0

zm
om
om

ALZOZ/
FeZ03

LBeans
Si0E

DR
Mmoo
~HoeLn

=
-
!

o] e 1
U1
]

20

0.4
.4
0.4

AL20ZE/
FeldZ

(R (Y

oo

.2
KA

9.2

FeZU3/
Fell
27 .0
F5.7
SE. O

A1207

Ay T
Pt P

28.6

o b

Ll w

Ti0Z

e
b

Felil
Fel

| =R
Do D
S&5.5
WA 1T
ok Low IR 3

ALZ0OE

2B8. &
28,7

20 T
iy

TiOQZ

et et
L L

Feldi/

Feal

E7.E
Bé. 3
o, 0

Al203

28. 4
29,2

20

an Fom

FeZiX

11.2
11.735
11.7%

FE0D

.4
O3

0.3

P20

.3
0.
G

FellZ

11,72
11.4
11.4

0.2
0.2

M

1.0
1.¢
L.

M

.8

.8

:, 2

g R

0.2

.2

v om

0.2

faf)

L
I

0.3

Bal

G.l
0.1
.1

Mol

R
r.

[ N

0.2

.1
G.l
Gt

O
Uy o
-

0.3

0. %

Cab

0.
0.

0.

o e

5102/
A1LZOT

[
—
L

Cal
.35
Q. d

.3

MNaZU

O.1
Gul
0.1



{__ B

Cromminimn

O-10 cm
1O-20 om
IO=-40 om

0—10 cm
10-20 em
Z0-40 cm

7. Maize

depth
Q=10 om

O-20 cm

Z0-40 cm

Q—-10 om
10-20 £m
Z0-40 om

O0-10 cm
10-20 cm
E0—-40 cm

k2

R -

C.4
0.4
G. 4

AL20Z=/

Fe203=

~a =
oy
b
2.6
—
o

sip2

Z8.9
I7.01

7.1

K20

3.4
Q.4
0.4

ALZO0E/
Faz03

~ [ =4
e nd
-~
[P |
T =
amond

-
O

1

et

~NE e
o Ut

oo

~
-

E)

P05

0.3
Ou 3
0,3

Fel0Z

[ Sy
ek et ek
.

F20S5

Cra

0.

1

G, 4

- 0 i

]

g

MrO

1.0
1.0

1.0

Fel

0.5

L

- B daa
0.2

Mng

1 R
.

RN e

0.3
0.
0.2

.1
.1
Gl

£ £ i

= s

5102/
Fer0z

.4
A

Tu 4

NaZd

Si0Z/
Feld3
.4
Z.4
A
-t w T



3

|

— e 4
j 4

ot fBppendil s

re
=
i
1)
a

B el
Fal iy

3 dist. fah
fraran. | & i
subang. 1.5 L.

irFie

elist. 1.+ Tl 7 oY Tel

QAN . 1. 1 Lol 5.
1 subang B A 2.1 7. Z = =L 2 27
wtrandom

i . R S
o S

%
-
r

3

b 4
fr
b
L

—en
et

5. F"T-\
dist. =
S AN &

Hig
dimt 19 = =

' e ? Py al

4 = = e F
Or S . 21 = o1 H
zubang. 2] & i

] random

i e o q
fmat Td EREEAN
- - A e
= 4 1 -~ 3 14,
- - - e &
& = 2 w0
- - - 7
. 1 “r oy
-
"
T n
b = ra
i " Y
- o . 0
e - A et -t d
—




a0
3
i) b1
) v et [N -
SRt % r“_ 0
|
. -
At
[ER w.,
& 3 a2 + - e
Swmm b . F + -
~ E SR : T 2 ries
iy -
a
TR
o Gi
o
nooo
I 5 L
o x! 38 Cd ol s
. i ~ e 3 r »
T £ S s I .
o
by
I
i
. s + :
o o
p WOl e
I L S % AR
. L [ e ,
iy A ! J 1 .ml. N

- em—y .



1.1 vl i
L (U A
[ | el ad e

. -

aiuEn=d;

Flim
i

£

+
M
—r

o

r

15}

[
e

i3

~
-

wm 1l

303

51

Fi G
v

wF ol

et BY T

AR
i

i
£ ot
= L] B
o]

=
L

L B B

a3 S Orm

T
S

Y

[ i o
L
(o
=%

3

]

[H3

o
3%

]
10

F

iB.

iAW)

14

.

a,
E

—
Lo}

HWa+

24

-
<

Mo

+

e}
al

21
14

e
a

. |

Ca

m

i00cm

p

r

ctiom

(=

i

Q-

1

e
ic




fa_

]
4

o

N

_ilg Manc

clmeth
G—10

B e T
1 e
WA

=40

-1

L0020

-4

[141

b £ 13

om
om
om

=3
.
—

"
£
]

=

3

)

or

L . o [— —_ N — 5 —
ECOE S of the randgom Sansles
1
n I

N HEagessatr
: B a -
e K T
Thwoal g
[ Y] D
. £
e R
- PR M srw g e et
hed n fECL L 4 o mie e

[

=

=4
= AT
et T A
i 1= ST
- et T oLl
-y = 4 ~
M ) =7 E' a L2

EX=1a8=

G.mat.

Sal a3 iG. 1 Gl .5

Z. (3 T &a b T. 7

Cal+ b =um bhases H20-
ZE 5 41 4.6
az z 47 I
44 S S =, &

)

[

I

tl )

.
'
l\.’

Bl et gt
a e

f



for oo

i
i
L

ri b onsn

=

man
=

]
=

o
=
5
.
r
i

w3
.

=
!]J
-
B
i}

—~r
e BT

i im

[ | 11 O

!
I
o
.

oy

1
-

“*
A

Lol
- N
sl

e,

Y )
R I S P i

it

5
—




Scanned from original by ISRIC - World Soil Information, as ICSU
World Data Centre for Scils. The purpose is to make a safe
depositery for endangered documents and to make the accrued
information available for consultation, following Fair Use
Guidelines., Every effort is taken to respect Copyright of the
materials within the archives where the identification of the
Copyright holder is clear and, where feasible, to contact the
originators. For questions please contact soil.isric@wur.nl
indicating the item reference number concerned.



	20081216114726099
	scan-text

