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1 INTRODUCTION

During 1985-1986 the Training Froject in Fedology (TFIF) of the
Agriculture University Wageningen, 1in cooperation with the Kenya
Soil Survey, carried out & soil survey of the Chuka-south area in
Eastern Kenya (see figure 1). During this survey the importance
of scil surface sealing (capping) was recognised. This phenomenon
iz common on red soils developed from the Easement 3System. An
approximate 15 percent of these soils in Eastern Kenya is
strongly sealed and remains bare throughout the vear.

Aaim of this study is to get 3 better insight in the process of
sealing and it‘s ecological consegquences. Further to provide
information &about the frame in which possible zclutions can  be
fournd. Thie alsc fits with the work of the EBritish-Kenvan EMI
project on the problems of landuse and land degradaticn in the

semi-arid parts of Embu, Meru and Isioclo districts.

The =tudy was concentrated on EMI‘= Sheep and Goat prolect in
Marimanti, zome 15 km north of the Chuka-zouth zrez (see figure
13. We started here two months before the rainy season  of
october-rnovember 1985 and ended in january 19E6,

Elsewhere, both in cultivated land (eszpecially Chuka-south area)
and in lesz dizturbed arezs i(Meru MF and Kora HNR), =additional
obzervations have been made. These were meant to obtain a better
understanding of the origin of zezling and the (imlpossibilities
of managing sezled soils.,

FIGURE 1: LOCATION OF THE CHUK&-SOUTH AREA AND THE MARIMANTI
gSTUDY ESITE
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The average amount of rainfall in the study ares 1= indicate
figure 2 (Jaetzold & Schmidt 1982). The =cils, where the =ea
occurs, are all situated in the semi-arid ares, with an ave
annuzl rainfall of 200 - 700 mm/yr. Figure 2 shows rainfall

potential evapotranszpiration of Tharakas villzsge (see figure z
location). In general two rainy zessone are present, one "1
imarch, april and may) and one chort (october and novemb

both are only marginasl for cropping.

In =zemi-zrid environments asverage rainfzall datas do not say m
Thie isg illustrated by figure 4 which showse the fluctuation
rainfall in Marimanti, from 3 maximum of 1500 mm (1962) t
minimum of S00 mm (1972 and 19823, This variation in time
gocompanied by a considerable variation from space To =pace.
shiown in figure 5, half of the monthly rainfall falls withi

Y C
UL U T

area mMisses one o wo of these showesrs it iz & dry year for
particular place , while on average it can be 2 wet year.
topography of the arez iz likely to cazuze this variation.

FIGURE 2: AVERAGE AMMUAL RAINFALL DISTRIBUTION IW THE A&REA (mom)
(Jastzold & Schmidt 1983)
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FIGURE 3: RAINFALL AND POTEWTIAL EVAPORATION IMN THARAKA
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FIGURE 5: INDICATION OF THE IMPORTANCE OF LARGE EHOWERS ,
Marimanti metereclogical station
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2.2 GEOLOGY AMD PHYSIOQOGRAPHY

Note: In this description all landform classification names are used as
defined /by the Kenya Soil Survey in their internal communication nr 13,
1978 (Weg, 1978)

The study area is part of the old (precambrian) metamorphic
Bzzement System which covers large parts of Eastern Kenya. The
majority of the Basement System consists of various types of
grnieisses. Especizlly bictite and hornblende gneizses are COmmon.
In these gneissez narrow amphibolite belts ocur. The plagioclase
({a feldspar) in the weathering gneizses and amphibelites 1z the
gsource of calcium in the secondary lime which accumulates locally
near SLYEEME. Locally the gneisses have beesn further
metamorphized into granulites,

The landform of the Basement System dominated area are gently
undulating to rolling Uplande, dissected by severzl valleys of
perennial. rivers with accompanying river terraces. Many small

(zeverzl metes deep) zezsonazal streams dizszect the land.

Characteristic in the eastern part of the area are granitic
Intrusives, Mountains, which risze zeveral hundred meters above
the zurroundings ( Inszelbergsz)., More to the west Intruzives of 2
different geology (ultramafic hornblende gabbro’z and granulites)
dominate the landscape

Quite recently major changes took place due to the forming of the
Rift WVzlley, Mt, Kenvz =zand the MNiambeni Range developed znd
became active volcanoes. &Although in our study areas hardly  any
velcanic remnant can be found, this zctivity has changed it to &
grezt extent, due to wolcsnic zzh deposzits, changed drainsge
pEtterns etc, The only volecanic remnants ﬁtill found in the zres
are fTormed by flows of bzsalt of the Mizmbeni. Rowacays they rise
=25 Flateasus =zbove the surrounding Uplands.

2.2 S0ILS

in the Uplands, deueloped on Bazement Svstem vocks, the most
common  soil tvp are chromic Luvisols (FAD, 157Y3), which cover
movre than 70% of the arez. They are moderztely deep to deep, have
2 texture of sandy loam to zandy clay in the topsoil =nd of sandy
clzy in  the subscil. The abundant clayvekinz in  the =ubsoil

already indicate the instability of these soils. Only in case of
untruncated soil profiles the topsoil 1is dark red. Usually
however it has the same red colour =5 the subsoil.

Surface zezling is the clogging of the poresz in the upper few
centimeter of the profile. It is = wery common phenomenon  in
theze soils and the most limiting factor for their wuse. Although
the chemical fﬂr.1l1ry is not high, it iz not limiting. Crucisl
for the ztability of thesze =zo0ils iz the amount of organic matter
which is of ten very low (< 0.5%!).
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Other <=0il types in the are

s are calcic Luviszcls (FAOD, 1975),
occuring along the numerousz seazonal streams. They cover not more
than 10% of the area, but are important for grazing and, fto &
lezzer extent, for farming. In contraszt to the chromic Luvisols,

they are quite =tabile and =always  have
infiltration capacity. Their chemical ferti
of most chromic Luvisols,

a moderately high
T

1% iz =qual to that

2.4 VEGETATION &b LarDIUSE

The =zlwavs zvailable water in the streams flowing from Mt. Kenya
to the Tana river ha:z zlwave zattracted people., Conzsequence 1% &
very high cultivation activity, therefoare no natural wvegetation
occurs  in the sres anvmore, Differencez 1in wvegetztion are
a reflection of the period that the land has been left fallow.
However the wvegetation-landuse map of the C

fhukas-zouth area
en these "bush-

n
w
o
m
8.
I8
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e 1926€), shows differenc y
fallow complexes". [Differences in climate and pa
Were clear, However on the chromic Luwvizols main differences are

3
(Ooztveen & Schol
s
=1y
reflected by s=tzgesz in the bush-fallow cycle.

=
L1

In t =tudy aress bush-fallow agriculture iz the main form of
landuze., People ztart cultivation by clearing = particular bush,
usuzlly not more  than one ha lzrges, Mot z2ll tressz  aIre  CuUt,
especizlly Sterculiz rhvnchocarpa, Delonixz elzatz and Adansonisz
digitatsz are zpared., Commiphora africanz and &csaciszs senegal trees
are often cut =2t = heigness of one meter., A few months after
clearing severything will bDe burned, wususlly just before the
exypected onzetr of the rzinz, Then culzivation ZTEY TS, mEjor
foodcrops are millet, sorghum and gresn grams, major cash crop 1S
cotton., ©On favourzsble zpotzs, which receive more moisture ang
manure f(especisly of goztz), nyefzrzols ST oW, Uzuzlly
the gardsns zve protecied scEinst lives nees of thaorny
FoEzizE senegeEl oy &, tortilis oranchses =Y the nhsrvest
animals  sre driven in the sSavdens to gr and millst zand
sovahum stalks.,

Af ter two or three ysars of cultivation, land is left fallow. The
first vezr only some annual grzssez and foros srow, but they are
heavily grazed. Tress which have been spared durinz cultivation
grow out and are the nuclei of & slowly recovering wvegetation.
Dependent of the asmount of depletion of the scoil and the grazing
pPressure, regeneration can occcur, oY not, In the latter czse the
lznd rem=zinz bare, the goil szurface zezl:z s=tronger  and  any
regeneration Will be wery unlikely. Iz the 3rzzZing pressure lower
then denze thickets are formed. Becoming clder (>135yr?7) trees
arow higher and a kind of Zcrub forest iz formed (7m high)., This
ztE9e 15 herdly rezched znumore, becauze before that moment trees
are alrezdy cut for =z new ru‘*1u=r1an period,

Howaday s sszpecizlly the ftransition from baErs soils With
outgrowing trees into buszhland ie hinocersd. More exhsusted zoils
and =& higher grazing pressure are responsible Tor this and cause
a decrezse in speed of bush development.




(predominantly local

thicket

The majority of the time livestock
and gosts) grazee in the fallow bushkh and
Especially the well developed bushland is an

zebu’s
vegetation.
important source of

forage in the beginning of the rainy sezszon, later on also  the
vegetation along the streams is of great importance. In the dry
season hardly any ground vegetation is left and the consumed
forage consizsts mainly of litter. It is clear that in this way
csoils have lost much of their organic matter input. (See Scholte

1985 for more details about the grazing system)

3 THE SITES

2.1 INTRODUCTION

The EMI“s Zheep and Goat proiect was selected zz loc

stion for the

detailed research to the sezled soils. Situated between the
perennial rivers Thingithu and Kathita, this area has been
intensively cultivated and grazed in the past. In 1282 the
British = Kenvan EMI projiect started here their Ehesp and Goat
proiect and fenced the area. Several families had to lezve the
area and cultivation and grazing was no longer zllowed. Therefore
at the =tzrt of our =tudy twoe years had passed wWithout
cultivation and with only = vwery low grazing pressure (<1 goat
per acre). Mo spontanecus rehabilitation of the arsas with sealed
soils has taken place, Vegetation only growed vertically burt did
not colomize new places, In this way the contrast betwesn places
Wwith and without vegetation has increased,
In figure & 3 schematic physiographic map of the Marimanti  area
is given. & basslt platesu dominates the =srss nesy the joeining of
both rivers Uplands, separated from the Footslopes by dissected
streams, Torm the majority of the ares
FIGURE €: PHYSIOGRAFHIC M&P OF THE MARIMANTI STUDY AREA il
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2.2 SITE DESCRIPTION

Our research waz concentrated on four hectarez of =trongly sealed
soil. The sites are situated in & relatively flat ares, zomewhat
elevated above the other surrounding Uplands. In the past some
compounds Wilth their gardens and krasalz were =zitusted here.

Scattered trees of medium size (4-Zm), ARCacla tortilis,
Cormmiphor s dfr1 cana and Boscia angustifolia arvre present. Fatches
of dencee Boscia coriaceas shrubs (2m) are common. In contrast to
the =ituation with the trees here a3 dﬂni ground vegetation
OCCUY S, Fer-nn1=l Grazszsland =z well =2z Annuzl Grassland occurs
often around these treez and zhrubs (zpeciez z=e table 2). Half
of the ares is bare with sesled soils, only wery locally =zome
annuals grow (Elephariz linariifeoliuz, Tragus berteronianus).

A special position is taken in by the so called Yegetation Iszles
which are especially common on slopes. They are remnants of the

) Er &
area around =3 s=hrub or tree, Their immediate surrounding has
been ercoded away so that they reprezent the former =oil lesvel
like an isle,

tilemdt

-
m
m
m
w

arch concentrated on =ix kind of places:

1- Bare z0il without any vegetation at =11l

2= S0il under &Annual Graszland, of ten where it borders bare =soil
Z= Soil under Ferennizl Graszsland

d= Zoil under Boscis Ehrubs

= Soil nesr ztems of Tress

w= Zo0il in Megetztion izles

In thres transects both zoil and weastztion have besn ztudisd
according to thes =rrangement given sbove, Figures 7, 2 =2nd 2 show
the position of ths2 transscts in relztion with the wesgstztion.

In wmAppendix 1 more detziled charzoctsvizzics of Ths Thres
tranzects =2rve given,

FIGURE 7: U
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FIGURE 8: VIEW ON TRAMSECT 2
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2.2 DESCRIPTION OF TRANSECTS

- -

Syl Seidl

In each tra 5= beesn dug where 1t C
vegetation  ty =1 sible. Their depth wa
depth of the ren rock,; 150 = 200 om. For %
pits =zee figqures 7, & and

DNEsEes as mant
mited b the
tion of the

They span:

Fit transect
Fit transsct
Pit transect

1: Shrub - Perennial - Annual Grassland - Bare zoil
2: Annusal Graszzland - Bare Soil
2 Shrub - FPerennial - Annual Grasslan

a
|
m
mw
1
n
(=}
’-—-

In addition in transect n
dug, S0 eom deep, cross =
In both tranzect 2 cle hazs been
studied (S0 cm deesp).
“ll  profiles have been d ribed sccording to the F

eECY idelines
(Fad, 1977 with s=pecizl attention to the pore
T
=

u
= in each
ionzs of the

m
o
=
o
P I
u]
a]

horizon., In the appendix the complete soil descrip
pits, the wegetation islez and the furrow are

0
i
n
a

In table 1 3 zummary of theszs datz iz given, with emphasis on ths
topsoil, Hzrdly =znv difference hzz been found betwesn the
subsoile In  the different situatiaons. In addition of the GCats
preszented in table 1 =ll subszoils can be dezcribed =s fallows:

Red (2.5 YR 476-8) when moisty slightly gravelly sandy cliay with
& =tone line {guartz) =%t %+ im; fine crumb structure and moderate
to  #trong  suoangular to sngular lock STructuUrey common o
sbundant clavskins; sbundant to few fine pores and common to very

W

=% m
(1]

e 1]

—

=

i (]

Yoot

v pH Is guite high (&8-7).

in chavact the =oilsz in  the
=i shruDs snd TrEss)
=tio =2 zubszoilz. Howsuvser
snces (zee table 1)

Bare Soil: In sandy clsw topsoil wih on ToE
T 14 some z2re red When moizt (2.3
YRO4S€-80, : & etructure and in gensvsl many
pores  which =2 losed., EStrikina iz the abundancy of
clavskins =lready in top of the topsoil, The example of the
bare so0il in the furrow with it7s dark topszeil shows that thers
can be geviations of thisz generzlisstion (see dizcusszion).

AT

Soil under Annuzl Grassland @ Thers sxiszts much wvaristion in
depth of thes dark red topsoil, from O - 40 cm. The upper part
of the topscil 1= zlwaws zandy loam with on top of it =and
wash. This becoames gradusally more clavew, Structurs iz =ingle
grain, desper 311 possible combinations of crumb, subangular-
and angulsr blocky s=tructure ococour, Herve clzuyskinz =zlso Dezome

moye Corrmon .
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TABELE 1: SOIL CHARACTERISTICS OF ALL PROFILES
CHARACTER PITS 'IN TRANSECT NR FURROW  WEGETATION ISLE
LOCATION T3 T2 T3 F T2 T3
SITUATION 2 4 1 2 i 4 1 2 3 3 (3
DEFTH DARK 40 40 0 0 0 30 20 15 15 12 20
TOPSOIL (cm)
TEXTURE cl scl sc el el scl sl sl el sl scl
(0-50 cm) scl sC £C sC sc sC =C sC &C sC cC
STRUCTURE cqg 9s cr sg or cr cr cr cr cr cr
(0-20 cm) +er +pm +gr +ab +b +ab +sb +sb
(20-50 cm) cb b pm cr cr
if different +ab +er +ab +ab
CLAYSKINS n-c n=f ) n—=f & n n-f a=f = f=e f=E
(0-50 ecm) ¢ 3 c a 3 a
FORES ffi m m m m=g e f al m=g¢ m-c f
(0=-50 em) * * * coarse
pH (Helliger)
(5 em) g 7.6 €3 .9 B ¥ 57 e S0 £
dzeper Tl B.6 B.7 £.0 €.5
DEPTH ROTTEN 130 120 150 120 170 200
ROCK (ecm)
STONELIME &T a0 a0 4 a0 e5 100
{cm)
PARENT biotite horriolende biotite gneizss
MATERIAL gugengneics +hiotite
LEGEND Situation: 1 = Bars Soil
2 = Soil under Annuzl Grassland
3 = Soil under Ferrennizl Grasesland
4 = Soil under Shrub
S = Soil under Tree
€ = Vegetation Isle
Texture: szl = szandy loam Clayzkinz: n = none
scl = sandy clay loam f = few
sc = sandy clay = common
a = abundant
Etructure : ab = angqular blocky pm = porous macssive
cr = erumb zb = subanqular blocky
g3 = granular structure sg = =zingle grain
Pores i m = many = common f = few * = closzed

1l
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- = intermediar to the =zoil
nd and zhrubs.

mn
'._4
o

So0il wnder Ferennial Gra
conditionz under annual gr

s

i
al

o
u
m
]

Zoil wunder Shrubs: Deep dark topsoil with a t
clay loam to zandy clay, alwave a granular
in the upper part of the topzoil, deeper =
blocky =structure occurs. Only in the zubsoi
zkinz can be found,

ture from zandy
t e (+ crumb)
o & subangular
(30 em) clay

(i3]

oil under Treez: Mo unequivocal description of the topsoil under
5 tree can be given. The zitustion wvwariez between the one of
bare zoil and that under z zhrub,

o
[n]

il in Yegetation Izles . figure 10): Chars

by & moderately deep dark topsoil which changez in texture

sandy loam to zandy clay. The s=tructure i crumb toget

some  subangular blocky ztructure. Striking are the

pores (> 1 em ) which give this zcil & zpongy like =tructure,

In contrast to the situstion under s=hrubs ' clayskins occur
I

already in the top

mn
n
~ 1M
f
m =
n
o

i

i

.01l and become common in the subsoil.

Generzl : Striking are the high pH waluez, already an indication
of the inztability of theze =zo0ils { s=e 7.1 .
All  soils were clazzified a3 chromic Luvizeles (Fal Unezco) or
2% udiz Haplustzlfszs (Soil Taxonomy),
2.3.,2 Vegetzstion on the =ites
A2 cEn De cobzerved in figures 7, 2 and 2 an impovizn: detevmining
factor of the vegetation iz i1’z diztanze to bare zoil, Figurs 14
=howszs the zitustion 2 1 ¥R - lant d
the bare ares receli Fr=or i i
fazt germinzting srsz BT
wesk s these plantz o =
thie Dare =201l less =Tl spexl
‘ oting moand o
in the zoil, Fer=
and, gues o Their
Fild & 1 ; Sut =ltho
T fast germinating
The lattsy  =re m
the dvy zzzzon ), pDurni
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CROSSSECTION THROUGH VEGETATION ISLES
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FE & summary in
Marimanti study
are qiven.

TABELE 2

PLANT SPECIES

ANMUAL GRAESES
Acrachne racemos
Aristida adscenc
Chloris virgats
Eragrostiella cilianense
Rhynchelytrum repens
Tragus berteronianus

a
i0nis

ANNUAL HERBS
Acanthospermum hispidum
Blepharis linariifolius
Commelina benghalensis
Pupaliaz lappaceae

FERENWIAL G SES

Chioris rox shiana

Digitaria = zinica

Enteropocon Crostachvs
nthoides
etericaulis

Ceimum bzsilicum

Tephroziz vwillioss

SHRUBS

Boscia coriaces

Commiphora africana

TREES

fAcacia senegal

Acacia tortilis

Bosciz anmgustifelia

Commiphorz africans

trable
ares and theilr
The consequences of
origin and maintenance of sealing will be

2 the most T

life strateqi

the vegetatl
di

FLAWT STRATEGIES
AS OBSERVED IN THE MARIMANTI

GERMINATI O

medium
slow
medium
fast
zlow
faszt

roedi um
rmedlum
z=low
zlow

14

DISTAMCE
to bare soil

close
medium
cloze

very close
close

very cloze

me
cl
gl
me
f ar
medium
cloze
cloze
medium
close

ant species of the
as obszerved there,
n duvnamics for the

MULCH TRIAL*

csome
some
none
come
dominant
some

common
none
commor
commnan
none
noane
none
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none
noneg

common
Nnone
noehe

none

chapter 5.
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2.2.3., Yegetation production on the €ites
On several plasces in the three transects vegetation biomass and
cover determinations have been carried out. In the wvarious

annual- and perennizl grasslands and under shrubs  and trees,
this has been done in september 1985 (before the onset of the
rains) and in january 1928 (zt the end of the growing season).
The dry weight of perennial grassesz and herbs =and the amount of
litter (dead leaves and wood) has been measured. Cover has been
determined of all plant species in relation with the heighnessz of
the vegetation (see relevee methodology in Oostueen & Scholte

98€). PBiomezs determinationsz of shrubsz and trees were out of
;cope. The homogeneous character of the vegetation enzbled to
sample wvegetationes comparable to those where the infiltration
EE

-

mezssurements would be (had been) carried oot
Table 2 shows the cover and biomzss determinations before and
after the rainy sezson in the various situations
Biomzass is presented for annuzlszs, perenn1ale and litter
separately. Cover iz prezented for ground wegetation (41 m),
shrub and tree vegetation (21lm) and litter separately, Indicated
are aversae values and standard deviations (except for tress).
TABLE 3: BIOMASS AWND COVER OF VEBETATIOW IN THE TRAMWSECTS
BIOMASS (a/m) COVER (% real)
BEFORE AFTER BEFORE A4FTER

SITUATION L - F L = F L H G L H G
aRNUAL 49 48 298 37 22 14 )

(ig) {(22) (103) (18 {3 CEEY (24"
PERENNIAL 129 28 el 252 326 172 & =2 Z 37

(107) (23) (49 = - (141) ES) (28) (3) (28
SHRUE 255 =) £32 75 228 i3 b 23 L 21 77

£110) (797 = = (9 {261 121y (12 (&) (2) (21
TREE 1 a2l 457 59 36 20 1 e 30 10
TREE 2 15¢ 237 73 5 £ 4 12 & 40
LEGEND: L = litter

A& = znnuzl vegetztion

P = perennizl vegetztion

H = high vegetation (>1 m)

G = ground vegezztion ({1lm)

{ )= standard deviation

= only one observation

'._l
o



4 OBSERVATIONS IN MERU NATIONAL PARK

Twenty five kilometer north ezst of Marimanti, Meru HMationszal
Fark iz located. In the socuth-west corner of thiz park comparable
environmentzl circumstances are found =¢ those in the Marimanti
study area. Main difference i1s landuse. The average snnusl
rainfall ranges from 200 - 400 mm per vear (see figure 12,
Jaetzold & Schmidt 1282).

=-m

€oils are developed on Hornblende-EBiotite 4gnelszesz and are
comparable to the least diszsturbed scils in the cultivated area
(=ame colovy—- and texture sequence, structure and consistency).
Al though no certainty exists if the pedologic =l circumstances are
gequal (e.q. differencesz in volcanic zsh deposzitz), it iz wery
likely that human influence iz the main determining factor for
the obzerved differences.
In the south-west corner of Meru MF 25 szugeringz and  (quichk)
vegetation relevees have besn made in order  to make  some
gualitative comparisons of the soil - vegetation relaticon in an
undizturbed ares with the =zlready dezcribed cultivated arezs (see
figure 12 for the precise location).
FIGURE 12: AVERAGE AMWUAL RAINFALL MERU PARK  (mm)

0 15 2 25 km
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In

Meru MP the general vegetation type ie & Commiphora africana
bushland which differe largely from the C. africana fallow
thicket wegetation in the cultivated arez. Main difference iz the
high
cultivated land zalmost completely lacks such & ground vegetation.

cover of ground vegetation in the protected area., The

Schemstically the situation in Meru MP can be presented asz has
I been done in figure 13. Four layers can be distinguished:
i Tree layer, =zcattered #Acacia tortilis treese (+ 15 m high) in &
low density, less than 1 per ha.
I High Shrub laver, predominantly Commiphoraz africana shrubs (+ &m
high, only a few A. zenegal treesz, cover (external) 20-70 %.
Low EShrub  laver, Grewia willosa, 5. biecalonr, Combretum
I aculeatum, Bauhinia taitensis and Triumfetrta flavescens
shrubs (1-2 m high), cover (external) 0 - 20 %.
Ferennizl Grase layer, Chlorie roxburghiana =z2nd Enteropogon
: macrostachys perennisl graseland , with & low percentage of
I znnuals  and shrubby herbs (Elephariz linariifeolius, Tragus
’ berteronianus, Ocimum basilicum and Barleris acanthoidesz).
L Total cover of pﬂrennxal gr--aee ({both zspecies more or less
IE the same perentage) iz 20-S50% (ezternal), SO-Z0 % (rezl).
- Hzlf of this amount iz ‘"dezd" materizl (lzst s=zeason’s
gqrowth) .,
i
FIGURE 13: CROSSSECTION THROUGH DOMIMNANT WEGETATION-SO0IL TYPE IMN MERU WP
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In general the zo0il accompanying this wegetation type is  deep
{» im), with & red, =lightly gravelly sandy clay subsoil and & 10
20 com deep, dark red (2.5VR 374(E&), occasionaly SYR  Z/4-
topsoil with & granulasr structure,

Although  the majority of the area iz cowered by wvegetation,
patchez of bare zealed zoil occur. They zluway:s conzier of red
sandy clay (2.9YR 4/6-83), =imilar to the subscils in places with

. =
s wvegetation cover., Spotz of bare soil are zbundant along the
roads, but occur also elsewhere, They are alwayz zmall (< 100 me
often only & few Mm%y and occur near game tracks or in the direct

surtrounding of & termite mound.

Only zome snnuzals can grow here (often =t the edge of the zpots),
Blephariz linariifoliuz, Tragus berteronianuz and Chleoris virgats
are the most COmMmMon ONes. Fun—off water flows only 5 few meters
and infiltrates rapidly in the surrounding zo0il which iz covered
by vegetation., Only near the roads rill or gully ervosion has been
cbzerved,
augerings and accompanying weastation relevessz:  show e
Ferent picture, One patch of sezled zoil zhowsd =2 dark red
z0il (indicating = high organic matter content?)., A dnufhew
ed =zpot the zoil was only 20 om desp, which probably explains
sealing i(zes 7.1).
In =ome partz of the = burning mas changed the
WESETETIoNn TIvUCLUTE - tractivity  of
the =res e resul = [=riztics
zdzceEnslc the = oz in the
culTivas =9 =21 ThE  Cover
of  nigh FiT ic maT o
dzing s of gark  Topsoil) U 1% is
17Tfieurs to =3y i L ! szlinz,

o
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S5 METHODS

.1 FRATMFALL

Daily rainfall measurements of the Marimanti meterecloqgicsl field
station, at a distance of 2 km from the =itesz, have been used for
the preparation of the climate figures (figures 4 and 395).
Howsuver more detailed rainfall data were needed on  the sites
themszelves., Therefore & raingauge was installed within 100 meters

of the studied transects (in an open aresz). From the end of
zeptember 1285 till december 1985 precipitation was measured and
sutomatically regiztrated on a3 time scale. This zallowed the
calculation of the important rainfall intensity az well.

Mot only the amount of rzin that fzalls, but =zlso the amount that
sctually reaches the soil (and can infiltrate) zhould be known,
Therefore two non automatic rain gauges were installed under
different vegetations (Boscia coriaceas zhrub with a cover of 70%
and under an fcacia tortilis tree with a cover of 20%). These
raingauges were wused only during 2 limited part of the rainy
gseason for the sole purpose of estimating the amount of rainfzll
interceptiaon by the vegetztion of zhowere of different intensity.
The accuracy of the mezsurements with these two non - automatic
rzin gaugss if probably much lesz than with the automatic one.

I_I'l "

ot only because influences of evaporation can be eupected but
also because of their rusty reservoirs, MNo attempts have been
made to determine the interception of other vegetation types.

S.2 SOIL D&aTs

s.2,1 Bulk density g

Ringeamples i 100 =m®y  were taken for bulk density
determinztions. MNe problems were sncountered by sampling the
Levposed) suozoil, howswesy the szandy toosoil :CL1d not De samolec
propevyly,. Tamnpling was -m::szi:le in czse of very porvous Topsolls
with vrocts (for example trne "zpongy" sitructure of the vegetstion
iglzs),

Peo.2 Intilerztion simulssion

in four different zituationz ( bare soil, s=cil with only annuszl
SYEzses, z0il with =lz¢ zome perennizlszs and =zo0il under shrubsz),
infiltraticn hzz been mezsured, Close to the stem of trees this
Wwas not possible (too many rYootz and cracks).

infiltration capacity hzsz been measured by determining the zpesd
at which water infiltrztes into the zoil, Metzal r1ngs with =&
diameter of 11 cm were slzzhed into the s0il and plastic rings
with 2 dizsmeter of 21 cm were cut into the soil (ses figure 14).
In cz2se of the plastic rings both the rings and the remaining
zo0il  body were ftrested with gresse to prevent water lezkage. in
the ring & minimum layer of one com water was kept (indiczted by &
pebble on  the s0il surfzce) and amounts of 0.1 - 1 liter were
gdded (respectively bare zo0il and =scil under shrubszs),

=
Q0
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infiltration cap

intenszive rain
Or . Hhen the
poured in the ring

recorded. The measu
was  reached (infil

wWwith the wide rings

§ ty of

= movye

re?) the in

Water reached the limit of

and both ti
TEMENTE Wer
tration

the =

remains
wWwith the =mzall ringzs were carried out in
in the middle of the

detziled i1dez about the imnitial
oil ¢ what happenz wWith the firet

itial amounts were lez:z than later

1l cm, new wWater WIS

me and amount of zdded water ere

e continued till the s=tezady =state

Cconstant)., The meazurements
the dry =zeszzon, the ones

rainy Season.

FIGURE 14: METHODS OF IMSTALLING INFILTRATION RINGS

slashed smzll

\

rings

cut wide rings

S.2,3 Rainfall infiltration by moisture determinstions
By mezzuring the difference in moisture content (on weight basis)
before and z2fter 2 rain shower, the zmount of infiltrated rain
WEteY on  that particulsr scil - vegetastion place can be
determined. After correcting these dzta from weight beziz  to
volume basis (by mezns of the bulk density), they can be compared
with the amount of rainfall, meszzured by the raingauge (if
necessary corrected for interception by vegetation). Thiz finally
allowe the czalculstion of the rezl perocentzsge of infiltrsted rain
WETeY of the sampled =0il - vegetztion entity  ousy thzt
= tzken, zTovred  1n
“ried (24 mvs =2+ 110

Before the oneset of
Transec
tzken =

= { - 1 cm
B i = 35 on
g 2 = L0 oW
D 10 = 20 om
E 20 - 20 em
Howeuwer the majori
following wavy., In
TYansects, ThE  oO=p
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ould be calculsted.
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ERAIN r = SUY i, by
- Tt
= molst zoill wez taken zngd  =f1en
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& RESULTS

£.1 RAIMFALL

.1 Rainfasll in

october 1925

rainfall

~— [T
F

diztribution and

automatic rain

intenzities
gQauge nesr

in october 1525 as
the transects are
isture

ured by the
rted in figure 15

n
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and table 5

respectively. @All  mo
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Were

carried

out during that period.

FIGURE 15: RAIMFALL DISTRIBUTIOW IN OCTOEER 85 OM THE STUDY SITES

Indicated are the amounts of rainfzll per day or part of day,
Dates of moisture determinations are indicated by an arrow
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TAELE 5: RAINFALL INTENSITIES OF SHOMERS IN OCTOBER ‘25 (mm/hr)

DATE (TIME) AVERAGE WHOLE SHOWER  AVERAGE 1/2 HOUR  MAX. VALUE

LR
4

23 = 10 10 1
(2

L |

o)
w w

(1 hird 11 i |
(4 hr) 17 =

2g - 10 57 &0 91
(15-1¢ hr)

29 - 10 15 - 50
(2-4 hr)

#.1.2 Fainfzl]l interception by veastztion

Tzble € =zhows the amount of rainfall mezsured under & Tres and
shrub, given == percentage of the amount measured in an open arexs
(automatic raingauqe).

TAELE &: MEASURID AMOUMT OF RAINFALL UNDER & TREZ AND SHRUE

2z percentzae of zsutomatic raingauge CEie (CpEN BYE2).
DATE zo—1l 24-10 2z-10 ££~10
TOTAL RAINFALL  (mm) “.3 E.9 10,2 2.8 €8
SVERAGE IMTEINZITY (mm/hr) 10 1% 18 57 ig
TREE, cover 204 (%) =35 &a e 26 o
SHRUE, cover 708 (%) 40 &l =0 €3 (4]
From table & it becomes clear that the percentase of |
rainfall (100% - meszsurec amount of reble 2), 1z )
correlated with the intensity of the shower. Unosy =2 4 5
much tain will be intercepted when the rzinfall intensity is low
(< 10 mm/hr.). Thizs amount of interception OSCYEa:se: till nearly
zero in czze of high rainfzll intenzities (230 mmshr.). The
rezults wunder = tree =zre intermedizte and strongly depend on the
pozition under ths tree,
The moizture messursments have not beesn corrsczisc for the amount
of rainwster interception by vegetztion. The numbsr of dztz 13
not high enouah to correct the rainfall Sats unosy z2ll different
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£.2.1 Bulk denszity

Table 7 showsz the results
nncecsary for the calculati
moisture on volume basizs.
el ez of topsoils
cla (

o
1 n moan
wmom

of the bulk
of moisture on
The data have been
(differing significantly)
differing significantly only with the porous topsoil.

ion

determinations,
weight bazis to
divided in three
and one subsoil

denszity

TABLE 7: BULK DENSITY DATA OF SEVERAL LAYERS OF SOIL PROFILES
IM THE TRAMESECTS

LAYER CHARACTER SITUATION BULK. DEWSITY  STANDARD DEVIATION
0-% em. porous, loamy sand Shrub 1.28 0.04
0-10 em., compact topsoil Bare soil 1.69 0.03
0-50 em. other topsoils A1l other 1.49 0.07
>S50 em., subsoils ALL 1.59 0.07
c.2.2 Infiltrztion simul=ztion
The rezultsz of the 22 infiltration simulation mezszurements Nave
been reproduced graphicslly. See figure 16 for an example of &
messuremsent carried ocut with = ;idn ring on & zo0il with perennial
vegetztion, Comparing the various grzphs, two  dimenszions  arE
important: the finzl stesdy =state value (comparaole to  the
hydraulic conductivity of 2 saturated =o0il), wsuzlly reached
zf ten 4 hours znd the initial infiltrstion cepscity f(suction of
the topsoil), The laztter iz zspecially important but difficult to
messure. &fter interpolatins  the walue st 10 minutes 27ter  Ihe

vt of the experiment wzs taken for inme initizl infilzrvation
FIGURE 1€: ZXAMPLE OF INFILTR&TION SIMULATION GRAPH,indicating

the initiel- z2nd 21222y z4zte vzlus
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TABLE &: INFILTRATION SIMULATION RESULTS, SLASHED SMALL RINGSE
upper value is the initial value,
the lower the steady state value

SITUATION INFILTRATION HAERAGE
(mm/min) Crm/hr )
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The major difference between the valuez obtained by both methods
iz the much higher infiltration capacity measured by the zlashed
ring methoed, This can be explained by the disturbance caused by
this method (especially of importance in case of the bare =o0il
and shrub situation). Therefore they can only be uzed
qualitatively.

The result:z obtained by the wide ring method are much more
reliable. They show the low infiltration capacity of the bare
soil, alzo quantitatively. The initial, but especially the steady
ctate walue (saturated topsoil) is much lower than the aversge
rainfall intenzity of z heavy shower., In case of the annual and
perennial grzsslands the initial value {unsaturated topsoil) 1is
comparable to the rainfall intensity. The zteady =tate values are
much lower!

Soils under zhrube have such & high infiltration capacity that
there is never any risk of run-off. Also striking is the relative
high =teady state walue which is nearly equal to the initial

infiltration value,

2.2 Rzginfall infilsr

) "Etion mbacuramunt:

Five times s0il moizture zamples ere rcollected =after the
zhowerz., “In figure 1% the exact datea sre indicated., Tzble 10
shows the azmount of rzinfzll of the specific showers, compared to
the cumulstive rainfzll dzts.

TAELE 10 : SIZE OF SHOWER COMPARED TO AMOUNT OF RAINFALL ALREADY FALLEN

DATE INDIVIDUAL SHOWER CUMULATIVE RAINFALL

{rom) orevious to shower (mm)
19 oct, 0.4 Bt
22 08t .3 5.5
24 oot g4 14,8
28 oex. iB.3 2148
29 oct., Se P 21.8
The =zhowers of 23 znd 2E-2% cctober =zre very szuitzble for the
snalysis of the specific influences of those showers, Thiszs 1is
czused by the high showsr zize compared with the amount fzllen
and =0 =2 low disturbsnce by the previous rains. In  this way
eyaporation can be neglected,
In figurez 17 to 21 the rezults sre shown of the zugerinags made
2t the wvariouz placez. Moisture percentzges ave sxpressed on
volume base. The graphs arve based on 3 wery limited number of
observations f(one ausgsering per site) and are only given =2z an
illustration of the =oil moisture change during the first rains
under different vegetzation TYpes.




Figure 17 showsz the szituation before the onzet of the rains. The
behavicur of the soil under perennial grassland differs zlightly
from the rest. HMNear trees the subsoil has & =lightly higher
moisture content than the otherszs.,

Figure 18 <=shows the infiltrated volume of water during the Z3-
october vrainshower (9.2 mm, 10 mm hr). The bare zoil situation
shows 3 remarkable high moizture percentaqe. The situation  of
soils under annual and perennial gQrassland i  comparable. The
amount of rainwater found in the wvicinity o the trees is
remarkable high., Thiz is & clear example of d drip, which
iz eazsily infiltrated in these soils with (=t :

near the stem (very characteriztic of =oils n
The high amount of infiltrated rainwater in the
can be completely attributed to run-on frun-off of
=oild.,

shows the infiltrated veolume of rain water during the

:8 cctobery (S2.Fmm, SPmmshrd). Again only the upper

or the bare =oil =ite are moisztened, Striking in this figure is

the high amount of run—on found on the annuzl gQra and. Steered
Y =

drip in czse of tress 12 no longery found Cﬁ' nave been
closed) .,

)
- N
=

1

Figure 20 shows the abzolute molsture content of the zoil =fter
g4.2 mm of precipitation. Here it iz the low parcentags
infiltrazted rainwatsy on the bare zcoil zites which 1= striking.
In 2ll other s=itustions the pattayn iz more or similar, with much
run—on in czze of the = snnuzsl grasszlanc,

21 so0il moisture determinzzions of f

ut 2t the same momsht 22 the onss in

& same patile = = in casE

= S osltuztion inm g01l B
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FIGURE 17 BEFORE THE OKIET OF TEZ RAINE
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FIGURE 18:

moisture percentage (volume)

LEGEND:

FIGURE 19:

moislure percentoge (volume)
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INCREASE IN SOIL MOISTURE CAUSED BY SHOWER OF 9.3 MM (10mm/hr)
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FIGURE 20 MOISTURE CONWTENT OF SOILS AFTER &4.2 MM RalN
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FIBURE 211 MOTSTURE COWNTEINT OF FIVE
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The majority of the data has been calculated as sbsoclute molsture
percentage per shower., By subtracting the data of the successive
davs and dividing it by the amount of rainfazll, a percentage of
infiltration is found (100 % when all rainfall has been
infiltrated). See table 11 and table 12 for the results obtained
in transects 142 and 2 respectively. The data of the vegetation

isles are

TABLE 11:

DATE

23-0CT.

24-0CT.

29-0CT.

D&ATE
23 OCT.
24 OCT,

2% 0CT

-
o
m
=
m
>
w

zshown in table 13.

PERCENTAGE INFILTRATED RAINWATER OW FOUR SITES IN TRAMSECT 1+2

INTENSITY BARE SOIL BARE SOIL # ANNUAL PERENHIAL
10 mm/hr 28-17% 100-62% : 140-99%
13 mm/hr 13% 172% 18%

a7 mm/hr % e3% Sk 286%

#: Bare soil but with influence of lateral water transport
(e.g. near gqully)

INTENSITY BaRE SOIL ANNUSL FERENNIAL SHRUB
10 mmshr SV-tek 123=874 180-81% Sh-z2%

4 E o o F —rr =0 A oty e
L3 mm/hr Sek Bk 1484 S21%
=7 Lo L= == wi=14 1 o
< AL Y RS bl ] 2t ~ KT

FERCENTAGE INFILTRATED RAINWATER IMN FOUR VEGETATION ISLES

INTENSITY VEG.ISLE 1 VEG.1SLE 2 VEG.ISLE 3 ENDOSTEMONX
15 mm/hr 72% 24% 64%
57 mm/hr a98% 111% 4% 22%

#1 heavily ercoded vegetation isle
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EBare =oil: the rezult indicate that with intensive showers le
than 208 of the rainwater can infiltrate. In =zeveral cazez on
5% infiltrates, Infiltration increases to S50% with rainfall
intenzities of 1 than 10 rmmshy . Locally  run-—-off  water
collects im small gullies. From there lateral transport of
water takes place, including places with surface sezling. So
one may find moizture which did not infiltrate through the
topszoll,
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=
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"
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= m

Soil under Annual Grazsland: With low intensity zhowers much run-
on  wWater, up to twice the amount of fallen rain, has been
infiltrated, In caze of the more intencive zhowers thiz amount
drops (velocity of run-off too high?) and only half of the
fzllen asmount of rain iz found back in the =cil,

Soil under Ferennizal Grassland: Much higher differences were
found between the data of the variocus perennial graszzlands than
those of the other vegetation types. In general the szame can be
zzid &= for the annual graszland, except the lower amount of
run—orn.

Soil wunder Zhrubszs: The most reliasble datz, from the shower of
28-10, show an amount of infiltration which iz the same zz the

) oth =

i
1
Bt ROt

amouvnt fzllen

: 1
extent 2= in czse of the

Lozally

Soil in Yegetation lzlez: The zitustion is comparzsble to that of
the soil under shrubs, with 3 complete infilzrztion in o
the intenzive zhoweyzs, The Endostismon wesstztion i ig
heavily eroded and bshizves like znnuzl sraes:zlznd.

FIGURE 22: WATIR BALARHCE OF THE
Imfile, Sizuztion
{5
{20 zvres =g
annuzl Graseland
J) »100 Annuzl Grassland
with run on
/<-\I fl =2 = i=2)l Ar=mezcz)=r~
l‘b_.)/ J erennlal wrasslenad
A<§ $100 Pernnizl Graszland
é;:> with run on
@ 100 ghrub
<~ 100 Tree, stem
Qfg} _ 10 m
S0-100 Tree, reszt Ve fa
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In figure 22 & echematic picture 1is given of the actual
infiltration in and around the studied =ites. More than half of
the fallen amount of rain runs off. A major part is redistributed
in the area itself. One third of the rainfall flows out of the
area and either flows to the rivers or infiltrates <comewhere
elze.

&L, 2 MANAGEMENT

g

£.2.1 Mechanical management combined with reseeding

Disturbance of sealed soils enables rainwater to infiltrate. This
principle was already clear on some spots where small pits in the
bare =ezled scil were dug. Shortly after the onset of the rains
annual grasses (especially Tragus berterconianus) germinated and
formed the only vegetation on these places,

J

In september "84 EMI ploughed (with & discplough) a few hectares
of  sealed scil in furrows of + 30 cm deep (zee figure Z3).
Eragrostis superbz and Cenchruz ciliariz (perennizl grasses) were
ceeded shortly afterwards. They developed well and wieldsd & ton
per ha & year later {(personal communication lan Skes, EMID.

m

FIGURE 22: METHOD OF PLOUGHING SEALED SCILS
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W0 ywears lsztsr the grzzz ziznZ haes dsuslaro 5 further =znd 2
gresn mat  ©f usgsistion covsvys ths 2vss, swsver  hardly oany
disturbiancse of the still sszled aresz betwessn he furrows can  bDe
cbserued,. Oniy  in the immsdiate surrocundings of the clumps aof
grass &2 loose =il surface iz present with some biclogical
Sivity . In these clumps some darkening of the topsoil can  bEe
observed. The pressnt situzstion is that rainwater runs off the
sealed parts and infiltrates where the gras:z grows.
Just before the onseset of the rainz in october 1585 = =mall track
of land has besn ploughed (by EMI  nesr e road Marimanti-
Gatunga) in the zame way 2z deszcribed before. The instability of
these soils was clesrly wvizible after the shower of 28 october
(37 mmshr).  All furrows hiad been silted up and clesr rills had
formed, But water had infiltrsted (conssrved) and planted shrubs
and grasses could develeop., The arez between the furrows remaine
bare dus to sezling which hzs developed again (after being partly
broken by the plough), through the nesvy impact of the shower.,

=1



E,2.2 Biological management

On several place:z: in the area spots with 3 dense graszs wvegetaticon
osccur. They are usually correlated with & large amount of dead
plant material f(often & fallen tree). Striking iz the high
biclogicsal acrtivity, Sheetings cover the wood and the 4Qround
surface 1s wery vrough due to fallen sheetings and decayved
plant material. EBazed on thesze observations zome trials with
mulch =2 way to rehabilitate the zezled areas were started,

m
m
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a-¢ for picturezs of the mulch triasl.

Sy two monthe before the onset of the rains, the
started. On three spote the surface (+ 8x2 m) was

Yy tzll grazsez like Eragrosztiz zuperbs . On top shrubby

mum basilicum and Barleria acanthoides) znd branches of

negal and Commiphora africans (recently cut) were laid
!
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Mo echanges have beesn observed during the first twoe months of

the mulch trials (s3ee fig., 24b). Howsver the firzt shower (only
one millimeter) activated termites which came to forage the

grase stalks. Within a few days 3 quarter of the stzlks had been
covered with 5heetirqs Odontotermesz zp., & well known littey
feseder of which a few were cztched, wzs thz rezponzible species
fzee Tig., Z24e).

Later i sztive., ADout  twWo
wesk s plants started 1o
oevmina = had besen zotive,
This o rroundings, where
sspeci s szrminsted zlrvezdy
Wwithin ( 22 october).,
The plants well  =znd were =3ill gresn wWhen  the
surrounding {moz<ly znnuszl erzzssz) w2z oead =lready
(E2op TisS, 24 .8%, )

gz snd thelr life-ztrzisgiss {3tk column),

ich h=zve Zeen Tounc Iir loh trials. 2n

Y OBEERELN L(JEnuEYy 22, Zominsting srs ths
slowly zzze:z =nd merbz NS soms  ERAYUDSY  neros
(ezpecl zcanthoices). Only tme latter was 3lzo
prezent in terisl.
Mo mezsurements have been carvied ocut to inuss = the ochange
in soil characteristicz, but they were not = icant i thz
topsoil 22 2 whole, Only the wery uppe =y Yt 1) has
changed significantly., There =z slightly loose tructure and
vertical porezs have developed., The = ou s increased
considersbly (sheetings) (zee fig, 24=),
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DISCUSSION

7.1 SEALING PROCESSES

(ih]

All the observed Chromic Luwvisols have & wvery good porous
structure in the subsoil, which i sufficient for & vrapid
permezability of the rainwater. The problem is located in the
upper 0 - 15 cm, where the porez are eazily clogged by dispersed
clay. This inetability of the clay can be explained by the high
pH (% €.5) of these s0ils, and therefore of the distance to the
zero point of net charge, causing a decresse 1in aggregate
stability (Legger, 1927).

specially the wiolent impact during the first intensive showers
and the first wetting cause the dispersion of the clay. It either
flows laterally with the run—-off water (and causzes the red-brown
colour of all rivere) or it is illuviated in the soil where it
cloggs the pores.

This process of clay dizpersion and illuviation can only be
observed in those places where the dark red, humous rich, sandy
loam topsoil.has disappeared and the red zandy clay subsoil is
expozed, Dovicusly the humous contzining topsoil prevents
ggzaling. This can be attributed to the s=tzbilizing influsnce of
organic matter. This =tabilisation factor enzblez the soil to
maintain & very porous structure which, in contrast to the
exposed <subscil, 1 wvery stable., However it iz expected that
without the protection of litter and vegetztion this topsoil will
disappear very rapidly,

Thiz procezs of zezling cominates in tme cultivated land,
Howesvuer in protected arezz i(Meru HNFD =lzao t =zezling
procezsez have been obszerved., Most common 18 zzzocizted
with termite mounds. Termites build thsir subsoil
materizl (Lzz znd Wood, 18?71y, This moreriszl essi 2lz  when
exposet T2 whe impact of rain. In suTssECusnT UEETE 277 wWEIEY
eryodes matevizl Trom the mound., This materizl coverzs part of the
surrcundings where it forms 3 zezled bzre =zrzz. After severzl
years the mound itself iz completezly ercdssd =2nd only the Dare
ares remains, often slishtly slevszted zoove shse surrouncings. A
celonizine process, lzsting zewversl decszdez, with 2 same zequence
of vegetation 2= has been described in 2.3.2, closez the circle.

Comparable phenomenz =are described by Burtt (1342) and Glover
(19%24), bpoth quoted in Lee and Wood (1571)., Burtt noted that
thickets which are confined to arezs of soil wazshed from mounds
are composed of gpeciesz normally found on hardpans. Glover found
thiat the miniature hdrdpane st the base of mounds were almos

bare (Zambiz), wheresz in Shinvangz (Tanzania) charzcteris T1f
fardpan plantsz mccured around the baze of mounds in Commiphora-

Acacia scrub (Lee and Wood, 1971)
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An other theorw explains the sealed surfaces in Meru MF where the
s0il was only 20 cm deep. WValentin (19225) describes a similar
situation in Zeneqal on places with & very low gQrazing pressure.
" A shallow =0il with & subsequent low 20il molzture storage
capacity causez the collapse of plant communities in dry vears.
This reszults, in combination with the meager amount of corganic
matter, to locally zesling. During normally wet pericds these

"

crusted and barren aressz are graduslly recolonized". The
gquestiaon remains what amount of water can be =tored 1n the rotten
biotite gneiz:z rocks. Obzervations in the vainy s=esson indicate
that this amount is certzinly not negligible,

F.2 SO0OIL AMD WEGETATION DYMAMICS

In the past the majority of the zemi-arid EBaszement System Uplande
were covered by & vegetation and =eil which still can be found
in Meru NP (see chapter 4\ Only the Mountains and Riverterraces

ad & different unqa ation tvpe (zes v.,.losztueen & EScholte,
188&). Im  thiz more or less natural s=itustion, wvegetation and
il conditicns were not =table. Mozt of the expected dynamics

b
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can be contributed to the
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Irregular reinfzll distribution. I rezve  the deminzting
perennizl grzsslaver 1= quite stable z2nd only s=ligntly =ffected
by short term (<4 2 vr) variation in rainfzll (van Wiingaardsn
1885). There 1is no rezson to believe that in the wettsr parts
of E=zstern HKenya with similsr geclegqy and plant speciesz  the
even smallsr varisbility in rainfzll will csvse more variation
in vegestaticon,

Breszing o©f nm=turzl  snimzl populations, =5t
v 23T 1 much more likely ths =
co moYe  LThET ER 5 pf =z
gz oovey In = i Tif
v T pel ing of the soil
fu den 1% ften =zzcompanied oy an
inc znd

Fire, hnsz = Iy on ths tres JegetEtion.
Ths smount d be lzvrgs snougn to Torm =

combustaole =r of S04 =zsrizl cover is
prmuably th z iz possible,

This all Eaat MmolsTuye betwesn Tress,
shYubDsE, peYy s Hnd MSvDE Generallu The
depth of the than F0 eom (this study) and
is available nd perennizl graszes. 0Only
loc=ally e £.g. ne=zy dry riwvers, some
trees  (espec an obtzin water unreschable
for others,

This continuous competitian ure

25. Estch g2 in couver 1%
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but also the soil. As
increases undesr =]
acteristic iz nowever

Mot only

shown the
{perennial)
changes are

the vegetation changes
infiltration capacity
arass layer. Char

revercible!

FIGURE 25: TREE-GRASS RELATION IN & NATURAL SITUATION
TREE
increasing

infiltration
capacity

decreasing
infiltration
capacity

GRASS

nate the vegqetation at elephant densities of more than
per kmﬁ_
The described eguilibrium 'between Qrasses znd trees has b
disturbed. The dominating fallow vegetation in the cultiva
land iz either = dense thicket or bare land with only =
annuzls. Assumpted that the Meru MF situation represents
farmer =itustion of the cultivated land, Ttwo thzories C3an
formulsted which explain this shift in vegetation and zoil.
Uuer ar and gos & contl gh exploitat
of 1 ses, ef seEE0n C3USE
decr =z la ld lead 1o
iner % F E cirele). But
Rt = il
reqe = nd v ins.
that =7 us sno
o k > an of trees

P

Combination of =griculture =and grazing by cattle and
Clearing of the wvegstation with sybsequent YWEET S
cultivation, exposes ths humous vyich topsoil to the imp
rzin =nd intenzive sunshine. Perhaps one sush-fallow cir
zlre=zdy ernough for a complete loss of I ify Deca
of =& high grazing pressure in the 7 1 ~iod,; %
complete recovery is reached. The resulting sxposed subs 1
ezsily =s=zlsd = r amples. T
zezling cause e hrubs
grilize 14. P f th
shallow ot esEU
ezpecial af tE
place =t ‘

The lztter theory is the most likely one, zlthough there used
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In the East Africa ecosystem the equilibrium Tree - Grass 1S
largely determined by the elephant density {van Wijngaarden,
1985)., By the destructing activity of elephants, 1trees no longer
g
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lets 1in the area, their number was too =mall toe cause
radation. It 12 more likely that the much larger
nurmber cultivators started this landdegradation. As shown for
the na sl Meru MF ecosystem not much pressure is needed for a
removal of the fertile topsoil.

be pastora
such = =
=

C o
=

The svstem can no longer be depicted by & cirvcle as 1t was 1in the
past, but by an =llips, see fiqure Z&.

FIGURE 2&: TREE - GRASS - BARE LAND RELATION IM CULTIVATED LAND

/TREE\
BARE

CULTIVATION

+ annua{E‘\_Hh__—_—Q_-—ﬂ”f,///

Iz the system =till closed or is it open, with other words are
the pr =till reversible? Interezting is = report written
in 1228 (!) by Maher, & s0il conservation officer, Wwho mads &
four week field study of Embu district., He writes sbout the semi-
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Zustem Uplands

"EBare granitic rocks and scanty sarn

situated &t low zltitudes reflect back

gnimals and . cken inhabita

barren semi-gdesert where z2ll hope of p

fam Y 2% the door =~ % 3
deali t le appears to b lc
znd gir preszsnt lan te
T he haunt of the

and . enment of the lang o

nesling of Mazurs iz ns practicetiles remsdy, BOEYT = "
guoted by Brokenshz and F y 280)
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il et S BT -
indicsx 11 ibiry g of
larae usE E=CnN
locasll =nr ) zach
much tha ztributed
raintz mig ition 1is
Fowsyer can bly less
important).
In the cultivsted land, dvnamics in weaststion a0 =xil are
gither csussd by an irregulsr rainfzall or by chznges in tme bush-
fallow cultivation and grazing practize. In czontrast to the past,
irregqularities in rzinfzll =2re now extremsly impoytar Due to
the entive depsnd of annual crops, ong oad vainy sszson which
would  have ok vy =zny influsnce in the psst, c=2n §ow  bDe
catassztophal To |

e

IL----------—-




Differences

caused by a

change in bush-fal

low cultivation

practise are especially correlated with the zhorter fallow period

which nowadays
decrease in time

for half a
monthse before
before the onset

capacity
the end of the drvy

iz being practised,.

in which
the past people cut the shrubs and trees and let them on
YESY OY more.

cleared bueh remains

Mowadays the bush i

the expected onset of the rains
of the rains.
zhow that this change in landuse meanz =
of the soils

The resulte of

{termites hardly forage f

One such &

decrease in

difference iz &
on the land, Iy
the land
=z cleared three
and burned Jjust
the mulch trials
infiltratian
rezh materizl at

seazon). This also means & decrease in organic
matter content of the zoils. (See alszo 7.5.2)
7.2 INFILTRATION CAPACITY IN RELATION WITH VEGETATION AND SITE
ALl data clearly indicate the correlation of infiltration
capacity with the vegetation cover and biomass on that particular
spot. & factor 20 difference exizts in infiltration measured

on zezled soil and

(1873)
areas,
mezsured
comparable

found on
infiltratio
With

sandy loam zoils aon

double ring method).
infiltration

s0il under shrubs (wide ring
bare zeszale
differences in the

Vzluez from

zz we found, from

r rates

rates

method) . Kelly
d and littered
order of 1:9 (

Tzavo indicate

20 mm/hr for bare

aress till 140 /Ry for totzlly cowvered arounds (wan
Wijingaarden, 1%£23).

The steady state infiltration ratez z:z measured with the rings
gre clazsified (Weg, 12728) =3z moderately slow (bare zo0il) to very
rapid {(shrubd situstion)., & classification based on the initial
infiltrztion rzte would put the bare =zoil zituztion in = lower
clzss which describes bettsr what iz going on during the rzins.
What iz thsz relztionzhnip oetween biomzszs =nd  the infiltration
capscity of the g0il? 1Is iz g high infiltration caspecizy Wwhich
causes =& high Dbiomzass or causes the nigh biomzass the high
infiltrastion cepacity? The results of the mulch frizlz show That
the lztter statement ig (=t lezzt sometimes) velic, An input of
CYSEniIc MmETTSY Ccausss 2 nish tsrmite zctivisy whizch is, ToEEThReY
with the other mulch zduvantzoss (see 7.35.2), vresponsible Tor &
higher infiltration capacity, This higher infiltration capacity
ig at it’s turn responsible for & higher biom=zss production, the
circle ie closed =g=in.

The moisture measuremsnts show that not only the condition of the
soil determines the totzal amount of infilirated rainwster. The
position in the landscaspe determines if and to what extend vrun-
off water runs on and can supply an additiconzl source of
moisture. To what extend run-on water can infiltrate dspends
partly =lso on the roughneszs nf the surface. @&lso the wvarious
sezled bare aress, which already have great wvariation 1in
infiltration capszcity (dszpendant on the degree of clogging) can
receive zn sdditionsl supply of moisture, for instance laterzlly
out of rills,
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7.4 COMSEQUENCES OF SEALIMNG

1 at a
z of land.
g of the
e

=

=2
ul

The =trong <cealing of + 15% of the land and
lower degree of the remaining land, mesanzs 3 ¢

The high population pressure rezults in &2 shorteni

fallow periods which on the contrary should be lengthened because

of the effects of sealing. A part of the strongly sesaled land

Wwill e difficule to resztore,. Especially where ri the past
=}

= 1
homesteads were szituated severe gully ercsion has tzken pl

On the majority of

t d z0ils sheet erozion dominates, This
ie not experienced J

d

.t

or problem for landuse because the
wever in the future problems can be
expected, In downztream arezz problemsz zlready cccur, zpecially
the water reserveoirs have = high rigk of being silted up. The
qreat majority of the sediment load of the Tana river comes from
thesze unstable Baszement Syetem zoils,

zoils are quite

n

D~

Another problem, more directly felt by peocple, iz encountered on
the cultivated land. During one or two years of cultivation with
1t“s high offtake (harvest and to a lezser degres grazing) land
‘remains bare and ezsily zezls during the rains,

Usuzally no tillage is practized and zeeds are planted one week
before the sxpected onset of the rainz., I1f the =il ie heavily
sezled, land preparation is necessary and pecple have to choose
between leaving the land or to plough it. Floughing howsver haz
the disadvantage that it is only possible after the surface soil
12 wetted, This means that the seeds can gsrminate only af ter an
impoartant part of the rzins ha:z =z2lrezdy ; in =lrvre=zdgy
marginal land for cultivation this ofsern the complete
fzilure of the harvest,

.0 RESEMERATION OF SARS &REIAE

f.2.1 Mechzniczl methods combinsgd wis =

Mechaniczl metnod:s give satisfying or thi E
iz been zhown Sy ths experi ts £2 by =Ml =
in kenvyas (especizally Beringe wish zom waumEs dyf
experience hzez been gzined (zee EBoccs 1E2ETIa c
shiow howswer, that succesz depends the pr E
proper manzagement once the land nas s=menil &
failure of numeETrous  resesding  programmes Ehow €
requirement is usuzlly not met.

One lize that chiozing for & mechaniczl rehabilitation
of ded =srezs means & cholice for rangelaznc 22 main
landuse. Although ecologically perhap preferable, the hign
pepulstion pressure  (+ SO/KMS) makes sbandoning of agriculture
not realistic,
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7.35.2 Biclegqical methods

Frotecting the area az: has been tried in Marimanti, revealed 3
very slow regeneration of the bare areas. & regeneration time of
&t least ten vears with complete protection is necessary. This
means an unrealistic long wWithdrawal of badly needed land and =
nearly impossible task to motivate people to keep their animals
out of the protected ares,

Covering the land with mulch shows clearly the possibilities of
this locally available material. A combination of several factors
contribute to thiz syucces:

= Improvement of micro-climate

= Stimulation of biclogicsl activity

= Incresse of surface roughnezs

- 4 Interception of seeds

ad 1: Both svaporation and soil temperature decresse under

influence of the mulech cover,
sd Z: Organic matter stimulates termitez [Odontotermes Sp.) to
forage in  theze placez, Thiz results in an incregcse

ot  the porosity in the Upper few centimeters and in  an
increased surface roughness cauzed by the sheetings,
ad 8: Surface roughneszs iz further incressed by the litter
materizl its=elf and intercepted material (most often
sand). Az 3 vezult the infiltration rate incresses. an
other result iz an increasing amount of run—on Water that
can be intercepted,
ad 4: On bzre s0il sesd:s &re gither blown or  flown HA3Y . Mow
these seseds are intercepted,
ring  the land with mulch Wway of
d1ng up regsneration (1282)
vibes muler z | Wood  on
cenudsd losm ¢ Mz & productivity
of 300, 1500 = kg & and & vesrs)
i sxplained by Eooum tact points of
g0il and wood, & 1ng uwgmness and so the
interception of YUn=orn =rmi Ere 2t least in the
first wvearz not zctive, VETY Surprising becsuse most treez
&re very resistent agzinst termite attacks, In the firet months
of our trials only the grass stalks and parts of the shrubbwy
herbs had been =zttacked By termites. Elseswhere in the &Y ==
coservations showed that cut Commiphors africanz trees Wers
attacked by termites Very soon (& few weeks zfter cutting if the
cther conditions are suitsble). However tress like ﬁcac:a_senegal
8re very resistent and not attacked within 3 year.
The coverazge aof z]] oare, sealed areas with litter would mean =
destruction of cother areas for = rehabilitation of the WOY ST
parts.,



Howeuver the rezultsz of this study indicate the importance of
groundcover and input of organic materizl on  theze zoils. Mo
zsolutions for & regeneration of the bare zezled arezsz will be
given here. Only & few idess which give a frame for poszible
splutions. They have to be intensively examinated in  the ares
itzelf, both ecological az socio-economical. Eszsential 1z that
they form part of the exizting bush-fallow farming zystem which

hasz to change but can not be abandoned.

Going back to the past and keeping the clezred bush longer on the
land, =t least one rainy sesson. Fivet question that has to be
anzwered 1z why the people left thiz practize., They will have
had & qood reszon for it (increased landpreszzure, problems with
a2 not complete burning of the material efc.)

Fowill not be
f a complete
re lossz of

Futting cleared buzh on = nnaqhbout1n3 o
cultivated immediately. Thiz has the
recycling of the ovrganic material., Di
fertility when starting with cultivation (no
problems  with animals who can hide near the plot
weaver birds).

o

motoan

AT rer atardonznq the land of cultivation (and perhaps alszo after

harvest) grzzing pericd should be installed till the land
i cove zqain by veostation and = mein part of the =hrubs
has grown out of rezch of goats (twe vesrs?). The thornbush
fences maintained during cultivation can be used for this.
It iz however clear that Without a0 lternztive for theze
grezing lsands (which sre importsnt in <rucizl pericds, ses
Echolte, 1928&8) zuch 2 practise iz not rezlistic., An 2lternative
might b= the crestion of =mell grzzing v wes only  to e
uzed during that particular time,

More embohnzsiz on perennizl crops
pevennizl cousy prevsnts ss2lins
keeps he land more int=zct. But =
plantz and no zlternztive ones are

With extrz inguts like Tertilisevs, possicilitiss sxist 1o Crests
& morve permanent agriculture which c2n peymit puiting 2 Ears
of the annuzl biomzs:z production in msintsnance of the =oil
structure., However doubtz exist sbout the ezonomicsal and
practical possziblities for this.
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8 CONCLUSIONS/SUMMARY

41l observations show the extreme susceptibility of the chromic
Luvisocls ("red" soils) of the wetter semi—-arid parts in Eastern
Kenya to surface s=sealing. The result 1is a decrease in
infiltration capacity to such an extent that locally only 5
percent of the rain water can infiltrate. Although the climate is
suitable for cultivation this becomes impossible on these sealed
soils.x

This sezling has been caused by the removal of vegetation cover
by which the original topsoil, rich in organic matter, usnd to
be protected. Once eroded away the exiposed subsoil lacks the
ctabilising influence of organic matter and easily aeala.

The only practicle way to prevent scils from eealing is by
keeping their surface covered, with a3 vegetation cover and
litter. However the existing farming system makes use of annual

crops and livestock grazes much litter.

Some ideas are given which may contribute to solve the problem.,
They are bzsed on the existing bush-fallow system but require &

thorouah  management of the fzllow lands and labour both to
maintain thornbush fences and to use the cleared bush.

Technically rehabilitating theze zezled zoils, gither
mechaniczlly or bioclegically is no problem. The biclegical method
(raulehing) ecan be fit in & bush-fallow cultivation system. A
mechanical way of rehabilitating these arezz can =lso fit in such
% bush-7zllow system, for instance by the creastion of grazing
reserves., However one haz to realise that greazing, =although
important, iz =2 szide-activity to cultivation snd can  only
remain that with ths present popul=ztion pressure.

Mz zf sthese 2 if
(add] zspzraiely =, it
=he part of =30 whols

41
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APPENDIX 1: CHARACTERISTICS OF TRANSECTS AND PROFILE DESCRIPTION OF
PITS, VEGETATION ISLES AND FURROMW.

Transect nr 1:

Date/season:
Coordinates:
Elevation:

Author:

Soil claszification:
(FAD, Soil Taxonomy)
Geology:

Local petrography:
(parent material)
Physiography:
Macro-relief:

Slope:

Slope gradient:
Poesition on slope:
Mesc~and Micro-relief
Erosion:

Fockoutcrops:
Surface stoniness:
Overwazh:

Surface run-off:
Surface sezling:

m
n

Drainage clz
Flooding:

Groungdwater 1
Frezence of s

zlhzli

Shrub vegetation - Graseland with perenniale
Annual grassland - Sealed soil

november ‘85

38.00 E 0.10 S

800 m

Faul Scholte

chromic Luviszol

udic Haplustalf

Basement Syztem

gneisses: Augengneiss,
Eiotite- and Feldspar gneicss
Uplands

undulating

{100m, convex, irregular

%

top

nil
severe
eroszion
very few
very few stones
nil

very slow - medium

sheet ercsion, moderate rill

none to weak (annual grassland) and strong
more than & 3 com thick cap (bare seil)

well drained

mad

glwayz very deep

nil

large infTlusnce of termites, more than
one fungus comb per ssusre meter

very deep

5
3 of quar:z

I
i




Shrub cite (transect 1):

Ahl

0 - 20

cm

Dark reddish brown (SYR 2/4) whern moist;
zlightly gravelly sandy clay loam; moderate, fine
granular structure and fine crumb structure;
very friable when moist, sticky and non  plaztic
when  wet; many very fine, discontinuous,
randorm, exped, tubular and zimple pores;
abundant, very fine, fine and coarce roots;
ctrong effervescence with HCl, pH €.5; clear
and wavy transition to:

Dark reddish brown (2,5YR 2/4) wWhen moist;
slightly gravelly  sandy clay ; moderate
fine subangular structure and moderate fine

crumb structure; friable when moist, <lightly
zticky and slightly plastic when We T few
thin clay sking; many wvery fine and common
fine and mediurm, discontinuous, random
exped, tubular and <cimple pores; frequent,
very fine,fine medium and coarse YOOlE] pH ©;
gradual and wavy transition 1o

kRed (2,5YR 4/6) when moist, slightly gravelly
sangy clay mogerzte 1o TtYong angular
blocky structure; frizble to firm when moist,
elightly =sticky and slightly plastic when wet;
commen thin clay skinsy; common very fine, few
fine and medium, dizeontinuous, Yznoom, =Sxped
tubular and szimple pores; common fine, medium

cosrse rootz; clear and emooth transition

11
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#nnual grassland site (Transect 1):

Ahl

k2

Btl

R

0 - 10 cm
10- 20 com
20- 40 em

120-160+cm

Dark reddish brown ( BSYR 32/4) when  moist;
slightly gravelly sandy loam; cingle grain
structure; very friable when molst, clightly
sticky and non plastic when wet; many, very
fine, discontinuous, random, exped, tubular
and simple pores; frequent very fine and fine
TOOtS} ztrong effervescence with HCL, pH 74
clear and wavy transition to:

Dark reddich brown (2,5YR 3/4) when moist;
slightly gravelly sandy clay loam; moderate
strong fine subangular blochy structure;
friable when moist, sticky and slightly
plastic when wet; many very fine and common
fine and medium, discontinuous, random,

exped, tubular and simple porec; common Very
fine to fine roots; pH &; clear and wavy
tranzition to:

Dark red (2,SYR 3/6€) when moist; slightly
gravelly zandy clay loamg moderately Sirong,
subangular to angular blocky ztructure; firm

when  moizt, slightly sticky and slightly
plastic when wet; common thin clay thinsg
COMmmon VETY fine to fine, discontinuous,
random, exped, tubular and simple poYes;

frequent, fine to medium YOOts, pH BaDs
gradual and wavy transition to:

rRed (2,3YR 4/6) when moist; gravelly zandy
clay; moderzte to strong fine angular blocky
structure; firm  when molst) zslightly =sticky
znd slightly cplastiz when wely ssuncdent  thin
clay  zkinsi many Tine, dizcontinuous, exped
tubular and simple pores; freguent to  COMMON
fine and medium roots; guartz ssrticles with &
Siameter of == T4 £} =orupt Eng WEVY
trancsition toi

Fed { 2,3YR 4/8) wnen moist; very gravelly
zandy clay moderate to strong medium angular
blocky structure; firm when moisty sli
sticky and slightly plastic when we
i

-y

1§
thin clay shkins; common, fine, discontinuous,
co

exped, tubular and s=simple poress) mmon fine
to medium roots; clear and wavy tranzition
to:

Rock: @Augengneizs and some Feldspar gneizs.




Transect nr 2:

Date/season:
Coordinates:
Elevation:

Author:

Soil classification:
(Fao, Soil Taxonomy)
Geology:

Local petrography:
Physziagraphy:
Macro-relief:

SZlope:

Slope gradient:
Position on zlope:
Mesa-
Erosion:
Fockoutcrops:
Surface stoniness:
Overwzsh:
Surface

run=cff:
Surfaceseal

ing:

1 ==~
clLass

Drainaqge
Floading:
Groundwater lev
VTD grnce of zzl

and micro-relief:

Tree - Shrub - Grascsland with perennials -
fannual grassland - Sealed zoil

november 89
28.00 E 0.10 §
800 m

Paul Scholte

chromic Luvisol
udic Haplustalf
Basement System

gneisses (Hornblende-Eiotite-, Granitoid-)

Uplands
undulating
{100m, convex, 1rregular
e
top
nil
evere sheet erosion, moderate rill ercsion
very few
very few stones
nil
slow-medium/rapid
none to places with a ztrong cap of more
than © cm thick
well drained
nil
zlways very deep
nil
large in termites,
move ths sQuUare meta
yery deep
g1l =ze0il horizons are zlightly agravelly,
this eravel consists of quartz particles
Wwith z diameter of Z-4 mm.

AL
-
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Aannual grassland site (Transect 2):

& g =3 om ked (2,5YR 4/€) when moicst; <clightly gravelly
sandy loam; single grain structure; loose when
dry, loose when moist, non sticky,
non plastic when wet; many very fine,
discontinuous, wvertical pores; abundant very
fine roots; pH 7; abrupt and smooth transition
to:

ABt 5 -25 com Red (2,5YR 4/8) when moist; slightly gravelly

sandy clay; fine crumb

and moderate fine

subangular blocky structure; elightly hard
when dry, friable when moist, sticky slightly

plastic when wet; few thin

clayskins; many wvery

fine and fine discontinuous and continuous

random, exped, tubular

and simple  pores;

frequent very fine and fine roots; pH €; clear

and wavy transition to:

Btl 25-%0 om Red (2,5 YR4/8) when moist; slightly gravelly
sandy clay; fine crumb and moderate to strong

fine  subangular blocky s
to strong angular blocky
dry, firm when moist,
plastic when wet; common
very fine and fine continu
random, exped, tubular znd
fine and  medium  roots
transition to:

Brz g0-100 em {2,3YR4/8) when moisty

tructure and moderate
structure; hard when
sticky &nd elightly
thin claysking; many
ous and discontinuous
zimple porezi common
H clear and  wavy

Fed gravelly s=andy clay;
fine cYumb structure, sIroensg fins zneular
blocky zTructure =nd .ztrﬁng fine subsngular
blocky TITUCTUYrE] hard when dry, firm wnen
moizt, ztichky and slightly plaztic when
WET j Common thin clavshing common finsg znd
mesium contivous ang giscentinuous Y ENGom,
expec, tupular =nd simple pores; common fine
and  medium rYoots; quartz particles with E
diametzr of 35-50 mmj clesr and wavy transition
to:

BC 100-120cm Red (2,5YR4/8) when moist; slightly gravelly
sandy clayloam; fine crumb znd moderaste fine
angular blocky structure hard when dry, firm
when moist, sticky and =zlightly plastic when
wet; abundant thin clayskinsy comon, fine and
medium, continuous and discontinuous, random,
exped, tubular and simple poresz; few, fine
roots; tlear and broken transition to:

R 120-150+cm Rock: Hornblende - Biotite gneizz  and (lezs)

Granitoid gneiss.



s0il cite (Transect 2):

Sealed

ABt 0 - 25
Btl 25-8%5

Bt2 BG~E5

Brs #5140

cm

cr

cm

Red (2,5YR 4/€) when moist; =lightly qravelly
sandy clay fine crumb and strongly
coherent porous maszive structure; Very hard
when dry firm when moist, =lightly sticky
and <lightly plastic when wet; abundant  thin
clayskins; pH 65 many , medium, discontinuous,
random, exped, tubular and simple pores;
COMMOon , very fine and fine roots; quartz
particles; clear and wavy tranzition to:

Red (2,5YR 4/8) when moist; =zlightly gravelly
sandy clay; fine crumb and s=trongly coherent
porous massive <structure; very hard when dry,
firm when moizt, tlightly sticky and plastic

when Wet; abundant thin claysking; many ,
Very fine, fine and medium, dizcontinucus
random, exped, tubular and simple pores;

common very fine, fine and medium roots; clear
and wavy transition to:

Fed (2,5YR  4/8) when moizt; gravelly zandy
clay; wvery fing and fine crumb =tructure and
ztrongly coherent porous masslve structure;
hard when dry, frizble when meizt, slightly
ztic i ghit ] plaztic whern Wes s
EDuUr z many very Tine,
fine lzcontinuous, randof,
exped nle pores; few rootsg
susrt =z diameter of T= S0 rmm
C.&22Y end wavy trarn o
Ked (Z,5YR 4/8 wnen meist;  slishl Sravelly
gancy clayy wvery fine and fine crums ztructure
=nd strongly coahierens CoToUs mEIziuvs
sITESTY hard when 2Zry, driszl moist,
sligntly sticky and szslightiy ples wet|
sounoant clay skinzy many very ¢ e and
medium, discontinuous, random, ubular
and zimple pores; few rootz; ¢ wauvy
iransition to!
red (Z.3YKR  4/8) wWnern moist; aravelly eandy
clay loam; moCerzie £IYOnsg angular olocky
structure; clear znd wavy transition to:

Hornblenos and Biotite gneliss and

Granitoid sneizs.



Vegetation isle (Transect 2):

&h

0 -12 com
12-20 em
20-30+ ¢om

Dark red (2.5YR 3/€) when moist; zlightly
gravelly sandy loam; moderate fine  granular
structure and fine crumb; clightly hard when
dry, friazble when moist, slightly sticky and
non plaztic when wet; few thin clay skins;
pH &; many to common, very fine, fine medium
and coarse, continuous and discontinuous,
exped tubular and simple pores; clear and irregular
transition to:

Red (2.5YR 4/6) when moist; slightly gravelly
sandy clay loam; fine crumb and moderate
fine subangqula blocky structure; hard  when
dry, friable 1o firm when moist,slightly
sticky and slightly plaztic when wet; COMMmon
thin clay skingg common  to few, very fine,
fine, medium and coarse, continuous and
discontinuous, randorm, exped, vesicular and
simple pores; abrupt and wavy transition to:

Red (2.5YR 4/8) when moist; =zlightly gravelly
sandy clay; fine crumb and moderate to
=trong fine angqular and zubzngular blocky
structure; hzrd when dry, frizble to firm

whnen moist, elightly zticky anc elightly
plaztic wnen wet; abundant thin clay sking;
pH &4 el fine and medium, dizcontinuous,
random, exped, tubular and eimple poresz,

on
[



Furrow Transect 2
Seazled coil site:

Ah 0 -10 crm

ABEt 10-20 cm

Bt 20-50+ om
annugl grzzsland s
gl § -3 &

(]

Dark reddicsh brown (2.3YR 2/4) when moist;
slightly gravelly sandy  loam; single  grain
structure and moderate fine subangular
blocky structure; hard  when dry, friable
when moist, stichy and non plastic to
zlightly plastic when wet; few fine
discontinuous, random, exped, tubular and
closed pores; common to few, fine and medium
Yoote; clear and emooth to wawvy transition
to:
Dark reddish brown (2.5YF 32/4 ) when moist;
slightly gravely sandy clay loam; fine crumb
structure and mcderate fine  angular blocky
structure; hard when dry, friable when moist
eticky and slightly plastic when wet; few
thin clay skins; pH 83 commen fine  and
medium, discontinuous, rangom, sxped,
vesicular and simple poOYEs; cCommon medium
TOOtE ) clear and  =mocth to wWawy transition
to:
Red (2.5YR 4/6) when moist; =zlightly aqravelly
sandy clay; fine ~rumb <structure zand moderzte
fine angular blocky structure; rard when dry
frizble when moist, sticky z=nd slightly
plastic when wet; common thin clay skinzj; pH
S5 COMMon fine angd medium, dizcontinuous,
Yanoom, zxped, yezicoular znd zimple poYes
common medium roots,
Dizvi refdish  Dri Zua¥n 244 WhEn moissty
slightly sravelly sandy  loam; zinsle grain
SirucCture znd modsrste fine corum: SIYUCIUTE ]
slightly hard when ary, vETY frizble when
moizt, slightly sticky  an non plastic when
Wets pH .53 common  very  fine, fine and
medium, mostly gdizcontinuous, horizental,
exped, tubular znd simple DoTEs) Eoundant
very fing zand common fine rootsy clezr and
wavy tranzition to:

b7




Ahz 5 -15 cm

Ah 0 -10 cm

I
(L]

t 1G-13 o

Dark reddish brown (2.5YR 3/4) when moist;
slightly gravelly sandy loam; single grain
structure and moderate fine  crumbj slightly
hard when dry, very friable to friable when
moist, sticky and slightly plastic when wet;
few thin clay skine; pH 6; common very fine,

fine and medium, discontinuous and
continuous, random, exped, tubular and
simple pores; abundant fine reots, very

frequent very fine roots; clear and wavy
transition to:

fed (2.5YR 4/6)when moist; slightly qravelly
sandy clay; fine crumb and weak to moderate
fine angular blocky structure; very friable
when moist, sticky and slightly plastic when
wet; abundant to common thin clay <kinsy pH
B0 commorn, mostly  medium, very fine and
fine, continuous and discontinuous  random,
exped, tubular and simple pores; very
frequent to frequent fine and medium roots.

1
|
|§ Denze grassland with perenniale near dead wood site:

Dark reddish brown (2.3YR 3/4) when  moist}
slightly gravelly candy loam; moderate fine
crumb structure and eingle grain structure;
very friable when moist, slightly sticky and
non  plastic when wety few thin clay shingy
many to common, fine, discontinuous, random,
exped, tubular and simple pores; very
frequent very fine, fine and medium Too
gbrupt and smooth transition tod

Dark reddish ovown  (2.3YR 274)  when meod sty
glightly aravelly sanagy ciay loam; Tine
crumb structure =and moderste fine subzngular
blocky structure; frizhble when moist,
glightly grichky zns sligntly plastic when
wet; common thin clay skingj many 1o Commorn,
fing, discontinuous, Y ENGOoM, exped, tubular
and simple poresy UETY TTYEguUEnt very fine,
fine and medium YoOTS; abrupt and smocth

transition to:

Red (2.5YR 4/8) when moisty slightly aravelly
sandy clay, fine crumb structure and
moderate fine angqular blocky structure;
zlightly sticky and slightly plastic  when
Wet ) abundant thin clay skins; cormmon fine
discontinuous, random, exped, wvesicular and
simple DOYEes; frequent to common fine,
medium and coarse roots,

(]
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Transect nr

Dates/seacon:
Coordinates:
Elevation:

Author:

Soil clasesification:
(FAOD, Scoil Taxonomy)
Geology:

Local Petragraphy:
(parent materizsl)
Physiography:
Macro-relief:

Slope:

Slope gradient:
Position on slope:

Meso- and micro-relief:

Erosion:

Fockoutereops:
Surface stoniness:
Drainage class:
Floeoding:
Groundwater leve
Frezence of salts
zglkali:

:
Soil fauna in

"m =
I

an

ur

Shrub vegetation - Graseland with perennials

Annual grassland - Sealed scil

rnovember ‘85
28.00 E 0.10 €
800 m

Paul Scholte
chromic Luvisol
udic Haplustalf
Bazement System
Bictite gneisses

Uplands
undulating
{100m, convex, irregular

0/
18

middle

nil

ZEVETE sheet erosion,
moderate rill ercsion
very few

very feuw stones

well drained

nil

always very deep

nil

large influence by termitss, mors than
one fungus comb per sQuare meter

very desp

all soil horizons are zlightly gravelly
thisz gravel conszizts of Quartz particles
znd haz & ciameter of -2 mm,

i1
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Shrub site (Transect 3):

Ah 0 - 30 ch

Btl 320-100 crm

Bt2 100-125 cm

- . 4= =
Die T | 2= =1 1
= - _.UH

cm

3C 160-200 cm

R 200-220+ cm

Dark red (2.5YR  3/6) when moist, glightly

gravelly sandy clay loam; fine crumb structure
and strong fine granular structure; very
friable when moist, slightly sticky and
clightly plastic when wet; pH &; common Very
fine, fine, medium and coarse, mostly
discontinuous, random and yertical, exped,
vesicular and tubular simple  pores; very
frequent fine, medium and coarse  roots;
quartz particlesz; clear and wavy transition
tod

Red (2.SYR 4/8) when moist; =lightly gravelly
sandy clay; fine crumb structure and moderate
very fine to fine angular blocky structure;

very hard when dry, firm when moist, sticky
and <lightly plastic when wet] abundant thin
clayskinsg many fine, medium and Coarse,
mostly discontinuous, exped, tubular and
simple por common fine, medium and coarse

roots; quartz and some micas primary minerals;

abrupt and wavy transition to:

Red (2.35YR
clay; fine crumb

4/8) when moist; very gravelly sandy
structure and moderate very
fine and fine angular blocky structure; hard
when dry, firm when moist, sticky and ¢ lightly
plzstic when wety few fine and medium roots;

guartz particles; zbrupt =and wavy transition
Lo

ked (2.SYR 4/8) when moist; aravelly sandy clay
fine ecrumb structure =nc moderate fine angular
blocky structure; hard when dry, firm when moizt,
zticky and slightly plzztic when wet; abuncant thin
clay sking; few to common very fine, giscontinuous
random, exped, tubular and simple pores; Tew 10
commen fine and medium roots quartz particles with
z diameter of 5-50 mm; clear and wavy transition
to:

Red {2,5YR 4/6) when rmoist, gravelly sandy
clay fine orumb structure and moderate fine

angular blocky structure; hard when dry, firm
when moist, sticky and slightly plastic when
wety abundant thin clay sking; few to common,
VEery fine discontinuous, random, exped,

tubulzr and cimple porez; wvery few fine roo

clear =znd wavy transition to:

Kock: Biotit

Dy
ul

neil
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o
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spil site (Tranzect 2):

0 -7 om ked (2.5YR 4/6) when moist; zlightly gravelly
sandy clay; fine crumb structureq hard when
dry, friable when moist, sticky and slightly
plastic when wet; abundant thin clay sking
marny to COMMOT, fine, diecontinuous, Trandom,
exped, tubular and simple poresz; common fine
and medium Troots) abrupt and wavy transition
1o

79-E5 cm Fed (2.5YR 4/8) when moizti Very aravelly sandy
clay; common to few, fine and medium TOOTS]
quartz particles; abrupt and wWavy transition
to:

1
-

a

)

-
i

5-170 cm

.
!

1= Df i

e
s H

Red (2.5 YR 4/8) when moist; gravelly sandy clay;

fine crumb structure and moderate fine angular
blocky structure; very hard when dry, friable
whern moist, =sticky and s=zlightly plastic when
wet; abundant fine clay skinzy ctrong
effervescense with HCL, rH B3 COmmon fine,
discontinuous, random, exped, tubular and
simple porez; few to commen, fine and medium
reots; quartz particles with &z diameter of &=
S0 mmj clear and wavy transition tod

Red (2.5YR 4/£) when moist; gravelly s clay;
fine crumb structure znd moderzte fi ansular
bBlocky structure; very rard when oSry ble
when moist, zticky and =lighntly ol ic  Whnen
Wet sbundant thin eclay skinsy co fine,
giscontinuons, Y &noon, gvpesd tu ang
zimple poresy few fins 1 Diptitz gnEics
periiclesy clear 2nc we s en B9

Rock, Biotite gneiss with var faw Ting roois,
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Vegetation icle (transect 2);:

Ah 0 -20 em Dark red (2.5 YR 3/6) when moist; clightly
gravelly sandy clay loam; fine crumb and
moderate to strong subangular blocky structure;
hard when dry, friable when moizst, slightly
sticky and slightly plastic when wet; few thin
clay skins; few coarse (over 200 rmm!),
continuous, random, exped, vesicular and
tubular, open pores; very frequent to frequent
fine roote; clear and irregular transition to:

ABt  20-50 em Red (2.5 YR 4/6) when moist; gravelly sandy
clay; fine crumb and moderate to ztrong fine
subangulaar blocky structure; friable when

moist, clightly sticky and <lightly plastic
when wet; common thin clay skine; few coarse
(over 20 mm!), continuous, random, exped,
vesicular,tubular and open porez; common fine
roots; abrupt and wavy transition to:

Btl 50-35 em Red (2.5 YR 4/8) when moizt; very gravelly
sandy clay; common  thin  clay skinsg COmmon
fine roots; abrupt and wavy tranzition to:

Btz S55-75 oem Red (2.5 YR 4/6) when moist; gravelly sandy
clzy loam; fine crumb structure =nd moderate
fine angqular blocky structure; friable when
moist, slightly sticky and =zlightly plaztic
when Wet; COMMoT very fins dizzcontinuous,
random, exped, tubulsar and simple pOres;
common to e fine roots; grzduzl  and
irregular transition o

m
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o iranzition to Sictite rock,
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sonalith nuabers EAKTH ! countrys KENYA soil description ISRIC

CLASSIFICATION FAG/UNESCD,1974: chromic luvisol
, USDA, 1975: rhadustalf udic, clayey, ischyperthersic
Diagnostic horizens: ochric, argillic ‘
{other} Diagn. criteria:
tocal classification:

LOCATION Marisanti research station, EMIproiect, Meru DistrictftE. Province

: Latitudes 37 58 20 Longitude: 8 @9 88 S Altitude: 688 fm.a.s.l.}

AUTHOR(S) -~ DATE (me.yyl ¢ Kuyper - 2.84 e

BENERAL LANDFORY : plain Topography: undulating

PHYSIOGRAPHIC UNIT : upper clope in uplands

SLOPE Gradient/aspect/form: 7 % conves

POSITION BF SITE _ & upper slope )

HICRD RELIEF Kind: Pattern: nil

SURFACE CHAR. Rockoutcrops: nil Stoniness: nil . o

Cracking: nil Sealing: capped Galt: nil Alkalis nil
SLOPE PROCESSES  Soil erosion: slight sheet and moderate rill Aggradation: nil ‘
PARENT HATERIAL I ¢ residual material Derived from: pneiss Textures
A Weathering  degree: Eartial/ﬁnderata Fesistence: high
kemarks: basement systen

-EFFECTIVE SOIL DEPTHica) : 130

KATER TABLE Depthica): Kind: no watertable obssrved

DRAIHASE : well

PERMEARILITY : slow Slow pergeable laver from {cmit 8 to: §

FLOODING frequency: nil - Run off: rapid '

MOISTURE CONDITIONS PROFILE  : 8 - 59 co dry -

LAND USE 1

VEBETATION Structure: deciduous woodland . Status: degraded

Landuse/vegetation reearks: also sillet/fallow :

CLINATE koppen: fu Soil Moisture Regime: ustic

Station: BARIMANTI o mm——— #9 09 §/ 937 59 E; 5B7 @pm.3.s.03 1 ke N from site, Relevance: very good
T nin {0} - 18 28.¢ 15,4 19.8 278.9 21,4 26,8 19.2 19.4 19.5 2.0 211 28.3 15.%
T aan (L) 1] 32.3 51.% 3.8 34.6 33t 32,2 3.7 3L.8 3L 352 4.2 3R SR.9
Prec {cal 12 87.9 L% 3.3 7.9 28 %7 L8 @2 0.1 @3 8.8 2.3 5.4
EA class & pan {r2) 18 228.7 13,9 7.7 72.5 1B.1 1b.6 16,8 18.8 28.8 24.2 25,4 17.7 13.4
tot.glohal rad, J/mZiB 452.9 462.8 ABL.G 4B7.0 498.0 479.0 489.0 345.8 393.8 458.8 477.8 459.0 450.8
Ho of Raindays 1B 7.8 4.8 3.8 4.9 12,8 40 2.8 2.8 L8 1.8 4.0 12.8 &0

Period finnual Jdan Feb Har Apr May Jun  Jul Aug  Sep Oct  MNov  Dec

PROFILE BESCRIFTION

fth B- 1Bem 2.5YR 3,0/4.8 moist; loamy sand; single grain and fine soderate subangular blocky;
sticky non plastic friable hard; few very fine/fine randos discontinuous exped tubular pores and
few very fineftine random discontinucus exped vesiculair pores; slightly porous; few
tine /very tine rootsy clear smooth boundary to

B 18- 28ce 2.5YR 3.0/4.0 moist; sandy clay loam; fine crueh and fine moderate angular blocky;
sticky slightly plastic friable hard; thin thin clay cutans 3 cosson very finefeediun randea
discontinuous exped vesiculalr pores; common/few very fine tine roots; clear smooth boundary to

Bt 28~ SBcn 2,5YR 4.0/5.@ woist; sandy clay; fine soderate crumb and fine poderate angular blocky;
sticky slightly plastic friable hard; broken thin clay cutans § comson very fine/mediun random
discontinuous exped vesitulair poresy comagn/few very fine /fine roots;

REMARKS:

Honolith 71 is saspled near EAK 53 and 54. The profile surface is partly covered by grass and partly bare soil. The
slides demonstrate clearly the difference in infiltration rate,
The covered and bare soil profiles differ sainly from eachother in the epipedon { A and AB horizon) mainly:

Profile characteristics grass covered bare soil

Surface ne sealing 5 ca, tapped
saall *catchent” of some sandwash
sandwash

Stucture gore crugby and aagre angular
subangular blocky blocky

Consistency dry slightly hard hard

eoist very friable friable
Pores roTe pores and aore

cortinuous pores

Roots mare roots
Siides: 18,155 - 18,157 jr 18,142 - 19,158,

Rt
Rty
e



gonplith number: EAKSA

cuntry: KENYA soil description ISRIC

CLAGSIFICATION FAD/UNESCO,1974: chremic luvisol
: Usha, 1975:

8: rhodustal$ udic, clayey, ischyperthermic

Diagnostic horizens: ochric, argillic
lother) Diagn, criteria:
Local classitication:

LOCATION t Karimanti aoricultural research statien, Meru district.
¢ Latitude: 88 &7 88 Longitude: 937 58 20 E Altitude: 480 {m.a.s.l.]
AUTHOR(S) - DATE {ma.yy) : Kuyper - 6.08 :
BENERAL LANDFORM 3 plain Topography: undulating
PHYSIDGRAPRIC UNTT i uplands
SLOPE Gradient/aspect/forn: 2 % convex

POSITION OF BITE
HICRO RELIEF
SURFACE EHAR.

SLOPE PRBCESSES

! upper slope

Kind:
Rockoutcrops: nil
Cracking: ail

f0il erosion: severe sheet and moderate rill

- Pattern: nil

Stoniness: nil

Sealing: capped
figgradations nil

Salt: nil Alkali: nil

PARENT MATERIAL 1 ¢ residual material
Weathering  deqres: gartiailnuderate

Derived froa: gneiss Texture:

Resistence: high

feparks: basesent system
EFFECTIVE 50IL DEPTH{ca) : 150
HATER TABLE Depthfem) Kind: ne watertable observed
DRATHAGE : well
PERMEABILITY : slow Slow perasable layer from {ce)s 8 to: 2
FLOODING frequency: nil Run off: rapid
HDISTURE COHDITIONS'PROFILE ': 8 - 150 co dry
LAND USE T e

VEBETATION Structure: deciduous woodiand
Landuse/veqetation renarks: also millet/fallow

Status: degraded

CLINATE kopgen: fin 5011 Noisture Régime: ustic

Station: HARINMANTI [E— BB 89 5/ @37 59 E; 587 wm.a.s.l3 1 km N from site. Relevamce: very gnnd
T oin {0} 18 2.4 18.4 19.8 20.9 2i.4 28.8 19.2 9.4 19.5 20.8 21.1 28.3 {8,
T nax {0) 16 323 3.9 .8 3446 33,1 32,2 317 3Le 3.3 352 3402 T .9
Prec {cmj 12 87.9 1.9 343 7% 26,8 9.7 1.8 @2 o1 8.3 8.8 223 5.4

EA class A pan (co) 18
tot.olobal rad, J/0218@
No of Raindays 18 5.9 42 3.0

Period Annual Jan  Feh

f9.1 14,6 16.8 18,0 2@.8 24.2 25.4 17.3 !
452,09 462.0 481.9 487.0 498.0 479.0 489.0 3a05.8 393.0 450.8 477.0 46%.8 450
4,2 2.2 460 2.2 2.0 LB 1.6 4.8 128 &

fior  May Jun  Jul  Aug Sep fOct  HMov  Dec

228.7 15.9 7.7 2.5

s,

4
@
B

PROFILE DESCRIPTION
A B~ 12co

2.5YR 3.8/6.8 moist; sandy loam,slightly gravelly; $ine moderate granular and fine

noderate crumb; slightly sticky non plastic friable slightly hard; thin thin
clay cutans 3 many very fine pores and few fine/medius randon exped tubular pores;

)] i2- 28ca
thin clay cutans § comeon very

B 2B- SBea

LOYR 4.0/6.0 moist; sandy clay loam,sli
anderate subangular blocky; sli%htly sticky slightly p
ing pores and/few {ine/eedium randon exped tubular pores;

ghtlr gravell{; fine goderate crumb and fine
i ag

tic friable hard; broken

2.3YR 4.0/8,8 moist; sandy clay,slightly gravelly; fine moderate to strong angular blocky

and fine soderate to stromg subamqular blocky; slightly sticky slightly plastic {irm hard;
continvous thin clay cutans ; common very fine pores and few fine/gedium randon discontinupus

exped tubular pores;

REMARKS:

Trial area for regrowth of degraded overgrazed land,

This protile is an exasple of a vegetation sound of erpsional origin. The roots of the shrub and the termite
activity in the eound make the mound more ercsion resistent. The Iocal ternite activity is induced by the organic

naterial produced by the shrub (roots, leaves),
Slides: 10,158 and 18,142 - 16,157,



APPENDIX 2: FERTILITY ANALYSE DATA

SITUATION

MEAN DEPTH
{cm)

pH
c%
NY%

Na m.e. %

BARE SOIL
10 50
7.2 6.9
.35

.09

A1 .13
35 .15
2.9 2.1
2.0 - 2.8
77 .65

ANNUAL

7.2 7.2
.40
.11

.57 .27

|47 l43 ’

4.3 2.5
1.3 2.7

.70 .39

58

PERENNIAL
w0 s
6.7 5.?
.31

09

A7 .13
61 .15
3.6 1.7
2.4 3.1
66 .68

SHRUE

10

7.2

.38

.13

&1,

3.3

1.3

.43

TREE
S0 10 ﬁﬂ_vi
6.6 6.5 6.8
&5
Jdex
A7 .13 .13
21 .57 .15
2.9 3.6 2.1
2,1 1.8 1.9
.59 .54 .45
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