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Abstract

Ralders,l.H. 1987. THe influence of soil animals on the chemical
properties of two well drained =oils in kenva. Department of Soil

Science and Geology, Agricultural University Wageningen.

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

Kenva.

Three different FEind of samples weres collected from two profile-—

pits

- disturbed bulk samples

— granular elements only

— subangular blocky elements only

To study the influence of ths

(total) chemical analvsis. A textu
the profilepit samples only.

analvsis was carried out

type of vegetation additional
composite samples are taken. 811 samples were supiected to
i

on

The landuse, scilanimal—activiiy and zoilstructure were studied

in detail.
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1. RBEneral

" - . . +
Lol.inuyronucTion:

Fravious research hazs made 11 clesr that  soilanimals can be

important in the develooment of seoils (Mielemaker . 1984). Soil-

fauna has a gregat inpact on phvsical and chemical nroperties.

The aim of fthis research 15 To obtain better insioht in the
=} on chemical proper-—

2
role aof soil animals (particolarly termite
1 stronaly weathnered so1ls on the =slopesz of the

dount

It was assumed that animal sctivizy resultz in a granular
structwre which arsduslly will changs into 3 subanowiar stucture

pow ] |

1%
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1.2 boneral information on

Locatian.

the ressarch ares

took place in the Embo district of Eenval mapsfiest

$S0L 000, The two pits 24 and F1E, fig 1} wusmsd for

il ch were located nsmar kKathageri and viliaoe Hioumo

Fespectively, at an altitude of approx. 18600 m on the footsione
O H- A,

dezcriotinn

enva. A detasilled site

information is referred

For =sacitional
i

Tt SBalaers

13 to  be Found

and Moobea,
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Runyenjea

©® Nairobi

KENYA
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o
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T
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-
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Kathayeri
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-

il
.

i Location of the resesarch areas




The climats of the research aresa 13 claszidyod 2% sub-humid to

seml —umid., .
The averaags rainfall varies from 1050 to 1400 mm. There are fwo

rainy seasons in ARril-Fayv and October—NovembDer. Most of thel rFain
talls in those two periods.
The mzan annual temoerature is 20-2200 (Jaetshold. 19837 .

1,207, GCeoloov
A compiex of lava— & laharflows From sruptions of the Mount Eenva
cover the reasearch area. During the 2ruptions porphviric phono-
lites, Fenvie lavas and nepheline svenite wers =iectad.
fhese  three kinds of materizl  are only  found in the hiaoner
l=Tw i Eanva. They ars chemical identic, bur differ

Lors of thne Mount
texture. On the lowser sispss mainly oorphvric nhonolites

riotion of the chemical composition of phonolife
r tamle 1. (Campbell Bmith.1931i).

)
m

laple 1 Chemical composition of porphyvrio phonolite (in %)

iCamosll Smith. 1921}

S0 ) 4. e
H2u+ B oG, 75
HEN~ § o100
TiO2 § 0.30
FEOS # 0,48
MRz O.23

1.2.4. Soils.

(5oi! Conserv. Serv, 1927350 & the FAD lesgend of the soil map of
the world (1:35,000,000: FACG/UNESCD, 1974,
The FADO-classifi Laflsn iz used in Kenvse with some adiustmentis to
ation. The =scils of the ressarch ares are tesp
ey conslst Talnlv of kaolinitic clavs (> 90 |%
lassified as Mitosols { Nobbs., 1984

The soils are classified according o the USDA Soil Taxonomy
)

I

the Kenwvan situ :
well drainsd.

The zoils ars ©

ﬂ' n
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1.z2.5, Human influence,
In earlisr vEarz the area
vegetation. It has chnnumd
Faod-~ Cashocrons.

The main tooderops are maize,

Crooping.,

The main cashcrop isg cotfee. Thig ofF
instructions of the cm++ee,qrtorv.

tne use o+ ertlil_erm.

Eco ﬁcmlLallv less important Cropns
Ligenn beas, nabpier ograss

Was covered with a rainforegt

BYer since and is Aow Cultivated With
DEans

on o s=mall  Fie elds, shambas, woither as
tarraLlﬁg and

. mMangoes,

and bamnanas. fhev are arown
& monoculture oF in mised

0D 1s Qrown according to the
The +armer5 &re instructad in

Management 1n general.

are ca:qavas, Syl Dotataoes.
. wanoes and firewdod.
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L. Methods.

T e

profiles

bioloaical activity such as

1FEY.

From each
wers talken

1‘.

-
prang )
g

The granular and subangular

samnled

pits
described

disturbed
oranular structure eiemsnts onlty
subangular blocky structurs elesments only

i

s

Fisld methods.

witkh a2 difdfergnt landuse
according to FAD guidelines
have Dbeen

{history) were selzcted and
(FAD. " &5). In addition the
described in detail on features related to
fungi-—-chambres and channels (Nobbe,

distinguished soilhorizon
ftor laboratory anaivses:

the folliowing thres samples

oulk sample

Dlochky structure
+ they could be recognized.

elomenits were only

r

KATHAGER!

2!
: [ Jshop

—J T e—

T «— road to Kigumo
*//”—_ Y

S50 M
")
Fig. Z:; Detailled map of the location of the rondom samples




) . ) - e L s o7y
fadditionat information was ogained by site opservationsg (FAQ, &7
and intervisws of farmars.

o mtudy the relation betwesn sollanimal—activity ochemical
propertiss ghnd  vegetationtvoes so called "random® samples of

protilss of the samg soiiunit and with the same foogoraphy and
hvdroloagv, but with 2 difterent vegetstion/landuse as P24 were
collected (see figure 3I).

For £this purpose holes about 40 om deep were dug and disturbed
bulksamples of 0~1C ocm., 10-20 cm  and ZF0-40 om were taken for
laboratory analvses,. In the field all samples were compatred with

Thoze of FZ24 on features as colour., structure and biolaaical
activitv.

~

Z.2. laboratoary methods.

fotal Fed, FeZli., MoO and Nal0 were obtained by a wet gesstruction
method. H2ﬂ+ was obtained by hesting tao FO0ol.
£

ritosn Flumersscention was wssd  Sor fthe ftotal comcentration of

af the labora—
fo Fgriz. Uniwv.

The mei=zture content (HZ20-) wae obtained v drving the sanples
auring 24 howrs in an oven at 103 ol

The oraanic carbon contsant  of the samples was analvsed by the
method of wet combustion. Mitrooen was analvsed atcording o the

method of Kisldahl.

In sciutions of HZ0 and CsCI1Z (0.0f MY the pH  was measuwred|with
an emlecironic pH—-meter.
The CEC  and exchangessable cations were analvsed by the Li EDTA-
method, but because of unususl high values, the CaZ+ was analvsed
bv using the Li EDTA-WNa4 EDTA method, which vieidsd more
reasonable resul fs.

Th

of profiles P24 and FIE were determined on the ¢lay-
mir

samnle
arzlo g_ and ftexiturs.

"1 ti

-

ZeF.0FfFFice work

in order to come o conclusions about the research results of| the
Tigld and laboratry work are carefully ztudies.
rezults of the analvses are compared and the msan values of] the
sci] profiles are calculated.

Tooether with the additional information available the final
conclusions arse made about the differsnces between the samplas.
The computerprogramm LOTUS 123 is used to make arafics to give a
better view on the differences.
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EZ.The influesnce of soil animals

an ths chemical
propertiles of the soil.

.. Bite description.

he sites are located on 2lmost flat parts of the footslopes of
n= Mount  Henva on deen weathered, well-drained soilzs.| The
auna—-activity is high—-very hiah, The general aroundwaier-—

=0l 3 F
imvml and the effective solldepth arse very desp.

1o FEA4 Fathager:
The Dt is srtuated in & shamba
bmar irhsns=1v

-1
1
cultivated for abpout ~dil vmars.

YVounga wesds are mixed with the topsoil by using
The gwner appliss fertilizer

a fork. jombo.

i -

withn coffestrees, This shanba {
155
L
E.

once & vaar in gpril. He alzo gsss
nesticsdes  against inszots that  attack hhe treelsaves
bearriss.

D.3.20 FLE Figumo
The pit iz situate2d at the corner of & shamba. This shamba makes
a desserted impression wiih some nice looking maizcs,  oDud mainpy
Franl & Qrass., CEBBAVAS ano weeds.
At the moment the human activity on this shamba is Iow. This is
only temporarely. because this shamba is for sales, The fisld his
peen fallow only since the lasht ogrowing s=ason.

201030 The random sambles
The arssa,. whers the random samples were collected, consistisd of &
riumber of =mall  shambas near P24, They are 211 intensiwvelp
cultivated with mainly foodcoroos. but some give the Impressio
that theyv ars leatt fallow

for one orowingseason.

At Dlaces with the followino veoestation the topseil was sampled:

sample no. saetati antvpe

MM""J

1. under a laras manaootrese

2. under a tirewoodtres

Fa in & coftteetisld

&y in a field with intercropping of maize &
beans )

o healthy maize

& uphealthv maize

7. healthy maize

R—
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In adadi i an

Dlocky struchurs = =
sLructuwre siensntz were taken from Siogenic chamnels & hoies

The soiiasmimatl activity in  these soils is hioh considerin
number of piogenic channels % holes in both pits.

The rangom samples  wers  taken  from s=mall pits  at dept
Q-1 om, P0-20  cm and  E0-40 em. Only disturbed samples
are  comgared to P24 Kathageri  in the  fisl
colow (ch. 20400,

taken. Thev

den.
analw

Througnowt the orofile detailled drawings of natohes of 10
omowars  mads. From these drawnings the amount  of aranules
subanguiar  blocky structure elements could be counted
= ntermediate betwssn a2 granular and a subanoular b

Io40r.The

i
ructure 1

cription & sampling of the soils.

Ao Das

|
Aoric. Univ. of Wageninoen for chemical & el

to the dishturbed samplies aranuales and suban
lements waere collected separatelv. The ara

il

were brought  to the laboratory of  fhe Soi)

£
k

i1}

cailed mazsive.,

]

[
menta

e

ol ar
rrll &

-
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*.3Z.Rkesults of phvsical properities.

For a oetailled desoriotion ©f the phvsical prmnertieL im
here

reforred to Nabbe 1987, Soms of the properties are mentioned
far their importance in the resdlts of this reswaron.

The disturbed samples of the pits F24 and F18 are analveoed on
teaxture  (fiog 4). Strong forces betwesn the clay rarticles.resul-
ting in the formation of pssuydo-silt, could be an sxplanation Ffor
tie unuswal hiph silt/clat ratios found.
. . -
FIG.4 : texture analysis
P24 & P18
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¥ sample numbers: . )

F24 1. ©=-15 cm 4. SHO—120 om Fl18 8. 00— 3%
2, 15-3%0 cm 5. 120-200 cm . IS-100
J. Z20-60 cm 10, 100-150
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The amournt

araWings

rxt =mhructura

{tables 2} =how

i gl amants counted from th
an increase in the amount

#

T

H

in PEZ4 fellowed oy @ strong decresse at 30 cm (Fig &
the amouant

o manislve

EMOT

le2s

tupsonl of

A comparison betwesn

that most
activity or ooloor.,

of granules
shructurss 1%
aranules in
Fidg.,

e

graduallyv decresasss (fig Si).
Rigner in P18 than in P24,
the topzeil of P24 is higher

The
wily
thian

¥ a
=)

¢
i
i

T

£ random samples  and P24 (table I
differences ocour  in structws rather than biolegical

mount
e the
n the

show

1
]

st

Taple 2 Distribotion of the structure slemsnts. \
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Table = The comparison of the random samplesz with F24

sample soilfauna jcolour structurs others
no activity
F24 vary high [2.5YRZ/4 | see table 3
1 very high (darker more granulars loosar in
. near sufaces ltopsosil
2 Fiah darker larger structure = | looser
=lements ‘lconsistence - {7
= high similatr MOre MassSive near -
surface '
4 high similar similar stones at
. surtace
] hiah more red [near surface mass. —
¥ zubsang.blocky.
& very hioh jsimilar crust, more aran. -
in subscil
7 very high jsimilar massive % more gran| ——
structure
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The fractions

and the Fracionsz
and at the random
The @lemsants  ana

w20, Ti0g, FE0S,

Thz mean =2lemnenta
show hardly any o

e differsnces w

win} Jwhierse ths val
nich=r than those
Dit+erences in  t

The diffarences b
hetter pronounced
tures.In the cla
hicher than 1n t
valuss., of which
oronounced.

-

There ars diffsrences betwesn the elementanal voes

subarnagular bDiock
zignificance ( ap

Similar to FZ4 th
better pronouncsd
Si0Z,. AlZ0Z2. F=20

Thez=s analvses of
&a. mangntres
. maize sam
C. coftes.f1
The larpest diffe
mangotres Mas o
amounts of {1203,

the topsoil occur only for FeZOZ. The aranular st

of bthe ftotal analvsss.

Zmm % o4 2 um of the samples of the pits {(append
. Zmin of the ranules and subanaular blocky slem
zmamples {(aopendix 4 were analvssad,
lvzed are 5102, A1Z203F, Fel0Z., Fel, Cal, Med, N
Mnl., Bal in massfraction percentaas.

4.1, FZ4 (Eathageril.

1 contents of oranular & subamoular blocky struct
ifferences (fio &&. aop.2).
ithin ths profile ocour mainly in the =zubsoil (G
uzs of  subangular structures for 5102, 4l20%
of fthe granular structures ( app. 4ail.

r

amount of F=20F% than the subangular blocky st
nces of a2l the other slements are very small.

stween silt— % clav fraction f{app. Za. fig &) are
than betwsen  subanoular blocky & aranular st
v Fraction the amount of S1i0Z, ALZCE and Bab are
he silt +fraction. ALl other  slements  have )
the differences in Fe203, Ca0, Ti0Z2 and M are

4,2, Flg (Kigumar.

v structurse, but fthey are *teoo =mal
n. 2 % 4b, Fia &)

to be of

g differsnces bestwsen silt & clav fracti
R The main differences are {found in the amound

4.%. The random samples.

the random samples can be divided into three groups:

oles

rewood . maioe beans

&

tences with F24 Eathaoeri coour in agroums a & L.
o Migher amounts of Fed, MoO, Ceab, F20S and i

ol
Fea® and Wi,

-
[ B
$o3)

ants

Al

Lres

-120
are

L1

ek —
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U
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rues—
much
Dwer
most

The
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5.5, Resulits of the chemical analvses,

The: mived & o organic matter,
nitrogen. oH F & E)_ = alxie bas and CEC (fpo. 5 % k.

.90 b, P24 (Hathagerd)

The pH of PP4 decrsassss wlith the deothi. The msan oH of  the gran-—
uwlies 15 hioher thnan of the zubanoular blockies (fig 7).

The mSan érﬂanlc carpon and nitrogen data snow nardly any clfierences
betwsen the disturbed, aranular  ang subangular blocky samples [ fig
S1. burthev uecrease‘strmmgly withn depth.

The amount of CaZ+ iz much higher than that of the other bases (fig

2y . The mean values of F24 do not chanos much excest for those of ﬁ+.
The topsoil haz & hiaoher CEC and CafZ+ content than Lhe subsoll

Z. P18 (Kiouwmod

Im gensral the chemicsl properfiss of
D Bld 0 7 P LUimusual

littlm loss
LT okl with
ration and

M
e
Iy

=1
4]

ri

+

i
%
o

nepth both pit=s bhecome more s=imilar.

e o differences between the data of oranules  and  of | sub-
sroular Slocky strucrturs 2lemenis.

VEL Random samples

Tha mixed samples of the random samoles have been compared with the-
values of both pits,.

Tha mean valusz ot the random samplez differ. but the differences are
neither large nor reoular except For gsample number 1 (fig 7.8.11.12).

The most important differences of sample 1 (manoo) are found in the
organic mattsr, nitrogen, CaZ+ and Ma+ content.

Compared to P24 sample F (firewood) has a lower amount of Cal-+, Mo+,
Na+, sum o©of bases, CEC, while the amount of nitrogen is higher. The
amount of K+ at Z0-40 cm is remarkebly high as is the basesaturstion.

Sample I {cofftes) hasz a smallsr amount of bases & CEC compared tg the

iy -h

T
[ R]

values of

Sample 4 fmaize % bDeanss is more like FPi8. except +or a highsr
amount of orocanic matter, nitrogen. CaZ+ and K+,




Comparsd to F1B8 Kigumo sample S5 (maize) has o hioher amouni nf or
f  bazes ars

matter and nitrogen.The CEC & sum of
basesaturation is similar.

Sample & (malze) has 2 remarkabls  hiaoh amount

of K+,

ail
organic matter, nitrogsn. (oH. F+, bDasesssturation ars

Fig.

Sample 7 wmalze) was als
organic matiter,nitrogen, K+ and basssaturartion.
and MoZ+ the values are lowsr.

S0 COmMDANSd o FlS ang nas & n

panic

lower while the

amount
Rhioher tHan

roamount
L/N—ratio,
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from number of
i o fare ressarch
resulits,
The results of the distwbed., aranular  and subanoular sarpless ddg not
shiow & signiticant difference. Thm di%%armmras are ratiher =mall] and
the methods used are too inaccurate io Rive Sianificant resulis,
Eventhouoh the results are limited. somsthing can be said. Soil
manag@nzEnt especially the uss of feritilizars can greatly ih%lanca
tha +ound differences.
fAimo Lhe distriboution of granular and =uban “uctures|) and
the ditfarencss in texturs between these =t mioht have
somsthing to do with 1it. Thesse characteri i Fiuenced by
Zollanimals, but  the soilstructore is comolak of
t 1 Ferom this ressarch it concivded that
1 e reEponsibise for Lh in :truupure
both pits. It is ae = stability
nts  di+Far and LThat i i
the samne.

The larcs cifferences in resulftzs betwesn land that I
onE arowing  sesson and that being suobdblied with
the wnder thewe
0 makes tha FDFHITS
on chemical progertliss over & sort

Compared to ths differsnces between
structure 2lemeants The diffsrences bebwsen

are vary  =mall. It is therefore important to
di Cexture between fThe structurs slemsnts.
Flav e those resulis are of agresaher imporitance to the
ti=s Lhan the activity of socilanimalszs.

The raﬁdmm samples s=am Lo differ onlyv because of
landuse {or the results are rather zimilar with the
mangoirgse. The manootree-profile iz a relatively rich
I+ soilanimales are responsible for the guantity
soilprofile, the final conclusion of this ressarch is
influence the fertility of the szoil.

arangel s
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chemiocal Droﬁer—
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i Appendix ia: So0il descrigtion PES Kathageri
Ohzsrvation no P ARR/T-24
Goro-Ecological zons Main coffes zons
3 Mapping unli FY Ol '
] Srmil Classification thumic Nitosnl (Mermic Arciudoils
Farent material sPvroclasticaspronolit F1 o
- Phyvsiograohy tWplocanic Foowridoe
| Relief (Flat
* Vegetation/landuse iCoffes
Erosion inon to verh slight splash erosion
I Rockiness il
i Surface stoninesss smil
Dverwash/overbol ow tnil
-3 Slope= gradient LRI )
3- Surface sealinglorusting scracks, width 5 mm, sosacing 1S cm
Effective soil ogsohh P 1Z0 om
Drzinsos class twell drainsed
Horizons:
3 ap O-1iD cm  Zarb reddish brown (5YR 372, molsti: silty clay fto ciavs
i modarate very fing to fine granular structure: very !
friazble when moist, slightly sticky snd silightly plastic
3 when waty many bigpores: vary freEousnt very fine FGQ%E
i rabrupt and wavy transitian tor
YA 153035 om Duskey red (2.8YR 272, moist): silty clay to Clave i
) poderate  very  fine  to subsnoular  blocky  structurs ; ver:
% friable when moist, sii
i

. ﬁ
siiontly plasg

v fine and
lmar and wavy Lransition to:
]

ightly sticiky and
whean wet: many biopor2s: very freouent vary
vary frequent fine roots: ©
“}:i FO/EE-E0 cm Dusky red (203YR I/2, moist

i osmiltw TClav to clav: \

13 moderate very fins anoul s snd Eubangular Solocky struc—
ture: broken thin clav skins: very friable when moist}
3 slightly stickv and slichtly plastic when wet: many \
§ bioporas;commpn very fine and commeon fine roots: i
e gradgual and smooth transition To:
E  &5-%0 cm  Dark reddish brown (Z.5YR Z/74, moist? and dark red

3 (ZLEYRI 4L, maoiet)

=ilty clav to clav: moderate very
fine angular and subangular bSlocky  structure:  broken thin
ctlay shins: 4riable whan moist. slightly etickvy and
-3 slightly mlastic when wet:; many biopores: Comman very fineg
: and fine roots: oradual and smooth transition tor \
TEBEZ R0-430 cm Dark red (2.SYR /46, moisti:r silibw

)

clav to clayv: moder=
» ate very fine angvlar and subanoular blocky structure;
] browen thin clav skins: friablse when moist., sliohtlwy
- sticky and slightly platsic when wet: manu bhiobores:
cammon very fime and Ffine roots:  aradoaal and  smooth trans-
Lo ition to:
1EG-Z00+ cm Dark red ( Z.SYR 376, moist)

siltv clay to clav: moder—
ats very fing anogular blocky stucturesr patochy thin clay |

skinz: wvery friabls when moist,
slightly mlav*i# when wet: many bhiopores: common very fTines
- angd fins roobs.

siightly sticky and |
!
3
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Fopendix lb : So0il descibtion FLE Figumo

Ubzervation no t 1327318

Auro eccological rone tMain coffes zone

Mapopirg wnit DR

S0il Disssifiecation thumic Mitosol Ovmpmi e Arolucgoil)

Farent material iPvroclasti e n;tu”1«1thmnﬁ111n

Fhvei ioaraphy :Top of Volcanie Footridas

Relied tFlat to YErY gentlv wnd&latinm

Vegetation/landusze PANNusl croo colti lvation i

Ermsion ivery slioht sheet and snlash srosion

Roskingss tnil

Surface stoniness shil

Dvarwash/ overbl mwe tnil.

Elops aradient 11 %

Surface sioniness il

Effective soil depth 215G om

Drainaoe ciass twall drained

Horizons:

A O-35 om Dari raddish brown (SvR 22, molstlg 511ty loam: moder~
ate.  wvery fine, oranular Structure: friable when moist,
zticky and slightly plastic when wat: manv Biopores: very
frequent. verv fins ang common fine roots: orzdual aad
wavy transition toy )

Bl Lary reddish brown (SYR e mEalEhi: silry clav: nooeyr—
ate very fine to fine zubzanagl ar b}acky structure: batchy,
tnin clay skins: friable when moist. sliobhtlyv sticky and
zlightly plaztiec when wet: many bioporss: few fine and
common very fine roots; diffuse and smoorh fransitibn to:

u 100=-180 cm  Dark reddish bre Fown {2.3YR 254, mo istr: silty clav: modar-
ate very fine subangular leQFV structure: friable Wwhen
moist, =llnh+lv sticky and slightly plastic when wat: many

biogpores

fouw fine and

common very fine roots,
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Appendix 2@ FMean elemental content (in %

2102/ 2102/

Sing Al 200% Fezll Fed A1 2005 el

P2

4 2mm 2.5 294 il.é6 1 2 1.3 S.4 2.5
T 2um 4.8 3501 A .1 1.7 12.8 10,2
gran 290 2E.9 il.5 O, 2 . a4 25
subang. 9.7 29.3 11.5 O.2 1,3 3.4 2ok

F1g

T Zmm 41.2 29.2 11.1 0.1 1.4 -y 2.4
4 2um 44,5 5.0 .1 Gul 1.3 i4.8 1.3
Qran 40,9 29.1 11.1 0.1 1.4 2.2 2.8
subang 44, % 2902 i1.1 Gl -4 g.7 2.5

By
T
B
a
=3

I~ &

1 9.4 26.7 10.2 G d 1.5 .Y oy -
2 F8.8 27.8 ti.1 0.3 1.4 Z.2 e
] 2.8 27.8 11.0 DX 1.4 .3 2.5
4 IB.& 28.5 11.5 Q. 1.4 .4 2.3
o] 2.2 28.7 1.2 G2 1.3 E0T 2. &
& IE.8 2%9.0 1.4 .2 1.3 o4 2.8
7 IF.0 2F.0 11.86 0.2 1.5 T 2.5

Fel0z/

Fel Mol Cal Na20 <20 Tiow PRl
FZ4
< Zmm 20,0 0.7 O.E 0.l .4 1.4 0.3
£ Zum TS A G.R L 0.t G.o Q.8 0.

aran Q0.2 0.2 0.3 el G, 4 1.3 Gk
=ubang B7.3 Oul 0.3 .t 0, 4 i.4 S
Fig

< 2mm GI.0 0.3 0% 0.1 0.4 1.4 0.3
4 2um 0.7 0.2 £ Gud Q.4 G.7 -
gran 111.3 0.3 0.z Gal 0.4 1.4 O. =
subang 111.3 0.3 G2 Q.1 0.4 1.4 G. 5
random

1 26.9 0.5 1.0 0.1 0.4 ' 1.3 0.3
2 2.5 S 0.3 Q.3 0.l 0.5 1.4 0.4
A 9.9 0.5 O. & 0.1 0.3 1.4 G.d
4 56.3 Ca 0.5 0.1 0.5 1.4 0.3
S 49.9 0.5 Geld 0.1 0.4 1.4 Q.3
& 26.8 S 0.3 0.1 Q.4 1.4 GLE
7 =l.4 0.2 0.2 0.l 0.4 1.4 0.3
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Appendix 4 b. Elemental content of the
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Appendix 4 c. Elemental content of the random samples
Random samples in 4

5102 a1l 203 Fell:

I_J.[
M
it}

Ci

Mg Cal

I9.Z 26.3 10.0 0.5 S 1.0
9.3 2.2 1o.1 0.4 0.3 1.0
9.8 27.& 1004 GLE 0.4 G.?

K20 TiQ2 205 MO Eal A1 207
0.8 1.5 .9 .2 0.1 1.2
D.& 1.3 O.58 0.9 Q.1 1.4
0. & 1.4 0.7 0.2 0.1 1.4

ALZO0Z/ Fe2Ox/
Fel203 Fell

2. 20,0
2.8 25.3

e C
2. 55,3

cigd Al 203 FezlX Fel Mol Ca0

z8. 4 275 11.0 0.3 > 0.3

8.7 27 A 11.0 G 0,75 .3

P2 2.4 11.4 0.2 0.3 0.3
[, % 5
ul]:!"

k20 Tin2 FZ05 MR Eal AL 203
i.4 .8 1.6 G.i 1.4
1.4 O.4 .0 O 1.4
i.4 . 1.4

Q.3 1.0 O 1

o
R

AL205/
Fell3

i

mm

£ R
o}
[
~

2.5 Ta.T
2.5 I&.7
2.5 7.0

£i02 A1203 Fellz Fed MoO Cal

IB.E 27 10.8 0,4 0,5 TSP
8.7 276 11.0 0.3 0.5 Deds
9.4 2B.5 11.2 0.2 0.4 G2

Si0z/
E20 Tigz F205 MnO Eal ALZ0Z

0.5 i.4 0.5 0.7 Gul i.4
G.5 1.4 .4 0,2 G. 1 i.4
0.5 1.4 0.4 0.9 0.1 1:4

*

MalZl

G.1
0.1
Si02/
FeZOZ

[N

o -0 -n

.1
a.l
Gt
5102/
Falin

- =
-t w wd
5.9
.4

Ma20

o
"
—

—~
L]

O

.1
3.1
©i02/
Fer(3

—~

o
et

- o
ot
-r =
e



" lﬁ". il :

i-...._...--

=10
10-20
ZO=4.0

4. Maz

depth

HD-10
1020
Z0—-40

O—=10
10-20
040

O=-10
1020
EO—40

=M
—m
cm

e

zm
cm
om

om
cm
cm

S. Maoize

depth

O—10
1O-20
ZO—-40

O=-10
10=20
Z0—-40

O—10
1020
A0

cm
cm
cm

cm

cm
om

«m
cm
M

5. Maize

depth

Q=10
1020
ZO=40

om
cm
[y 111

ALZ0E/
FaiZhs

*
~
'

Vel fed Lo
S
] oo

H20

Qo é
0.4
G.4

ALZOZ/
FeZ0%

+J R R

o moe

IB.2
9.0

9.2

Fall=/
Fel
27.0
Eh.7
S&. O

ALZ20T

et B
PPt VR

28.6

L} b

il

.50
[ =
P3SN

FezOZ/
FeO

7.3
5&.3

D&, 0

28. 4
29.2

b=

a iom

FeZ0

i1.2
11.3
11.%

FE0S

LA
0.5

- —

FezlD

~a

11.%
11.2

F20S

0.3

Q.3

L

FelZlX

11,32
i1.4
il.4

0.2
0.2

Mn

]

1.0
1.0
Lo

]
D)

N
i
£

S SV

MmO

e
i I

.5

G2

0.2

0.2

(ol R

0.2

Mal

0.3
Q.5

0.5

Bal

G.1
0.1
Q.1

Moo

.3
Q.o
0.2

0.1

0.1
Gul

- m
Uiy -
-

0.3

G

Cal

iy

0,
.
O.

[

5102/
ALZOE

s
]

[l
»

Cald
S
0.4

.3

M2

L o i
o on

NaZO

C.ol
0.l
0.1



g

-
0
Y

g 5102/
J k2 1% 205 MmO Baf Al2a%

O0-10 cm 0.4 1.4 0.3 1.0 Q.1 1.2
10-20 cm 0.4 1.4 .3 1.0 0.1 1.5
1.4 15 A 1.0 0.1 1.3

‘I TO—-40 cm 0.4

AlL20E/ S0/
! Fe20Z Fel

O-10 cm 2.9 Sh.5
1o-20 cm 2.4 57.0
20-40 cm L. 57.0

7. Maize
sig2 Al 20% FelD3 Fel Mol Cal
depth

i 0-10 cm IB.9 28,9 11,5 0.3 0.3 .
I 0-20 cm  3%9.1 29.0 1i.6 0.2 0.7 0.2
TO-40 cm I9.1 29.2 11.4 O.2 0.2 R

102/

20 TiO2 F205 MO Eaf ALZ0Z

O—-10 om 0.4 1.4 e D 1.0 .l 1.2
10-20 cm 0.4 1.4 L8 I O.9 .1 1.3
FO~-40 cm 0.4 1.4 G5 0.9 0.1 1.3

ALZOE/ FeliDT
Faz03 Fel

O-10 cm 2.5 It
1I0-20 em 2.9 nE.O
F0-40 cm 2.5 5g.0

p—




i

H

— ~as
. _ T4

Fermnone

chEmiical content {(in

e
=
m
i
|

Bppendlx

v
| TP

-
B

e
Fal e

oiast. 1.7 O, 0

Yraran. P L & 4
subang. 1.5 = i b, 2 e
irme
dist. 1.4 I fa. i 5.3
L an. i. 1 o e
subang R R .l FE i =Lz s 1

tandom
: L

LI oL =
A RV ] e

&

-
- e
A ~
ol x £l &
— ) LI
= = T
wd Al a TR
[
. -
fr] - A
o reay L ]
“n o
) e " =l

Mg Mgt
R )
G E24
dist, it 7
DA W o &
BUDENT. s ] A
=)
ldiet. 1= ba e
“ ~ ' - .
S i - <01 1
=UbDang. 21 & S|
wd TR O
[~ g —_
i oe b = i
= el | -
. W -{Jp 1 ~ 1 ] 1
g = ~ —
} -t P e £
& - -
Y &4 I A | el 4,8
P! = « = -
< i - o P
i e .
b= e ull Nl &
.
a Lra ; - .
7 - 4 : A A=




mmal ka1

P

=

& 3 a = 4 S —
S e T
et = wi -

)

At i

EANETLY

"
[

3

{1.°
il

-

4

0.,
-
L
el




oo

-]

| 3

) PR

O—1% cm

H0-A0 om

=12 0om

O—-Z20 om
G- 100em

12— 1&00om

15
14

denih
O-3% cm
EF5-1000m

100-150mm

O0=-25 om
2E—-100cm
100-1&60cm

i o
s
1.9
o TF
M w f

s ar g

anular?

LI Ll
' =

Sk Yy
S 3
ot - T e §
Vil S
<, 3
L) A

7t -

-

W ol
-

x -

u b

S

"

i

+

ki

.

3
A
-
-
q
o J

[N
R o gt )

i -
Hoe ol
Fil Lol
T e WS
e

w7

b
- it L
1 TFEL
FA g
50Ty
LT F




[T EPRIE i

[

itent of the random samDles

e

-

m

]
- <

- Jlﬁ Manos

gdepth
I G=-10 om
1 1CG—20 om

10

n

LO=E0 om
B0 40 om

P
E 3 £ N W)

Liy i

0D
? ‘. E <Rt
| I S

om =l o
= - i
i t ] oy

B L. - [

Cm A [ae I Jia f

[us T =~ R

o—m N P

<« S .
it 10O

cm 2 A

™ ") : a =
o - i =1 e owl
i T4 i a5 =0

A=
EAN-ratio pHi{Ca01 2 < CED
cmo DL G 0.7% 2. = 1BE
=m 3.1 Ga 1001 D8 L&
om 2.l (. T =T TOe
Cal+ Mg2+ I+ sum bases H20-
-t C-10 cm  ED s = a4 4. b
PO=-20 om 42 2 = 47 -
em 44 ] = 52 &




T oo-10
e 1 -0

o400

Tdanth
Qe 10

5

%

1
W

1N
33 A

I

cin

g1

131

R TR

]
o
=

=
i

[
—
A
=

B s e £}
o

l'ﬂ -~

L T e
Ll

.
e

I
4

o
i
i)

o

-

S DES

]
T oa-

5
R

e

et

[ ST W

-




Scanned from original by ISRIC - World Soil Information, as ICSU
World Data Centre for Scils. The purpose is to make a safe
depository 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

