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ABSTRACT

R.T.A. Hakkeling, E.H.A. Smaling, S. Diatta, 1989, Detailed soil survey and
land evaluation of the WARDA experimental area, Bouaké, cote d'Ivoire. Report
22 .3 The Hinand Staring Centre, Hageningen [The Hetherlands). 60 p.j 12 tables.

A detalled soil survey was carried out of a 1220 ha experimental area, belong-
ing to the‘interior plains of Hest Africa. Three main physiographic units are
distinguished: wuplands, with shallow te deep, gravelly, usually clayey, well
drained, so0ilss colluvial footslopes, with deep, sandy, usually imperfectly
drained soils}) bottomlands, with deep, clayey, very poorly drained =oils,

A qualitative land evaluation is carried out for 'lowland rice', ‘'upland rice®
and 'other dry land crops', using 8 land qualities,; of which moisture availa-
bility, oxygen availability, nutrient availability and rootability are the most
important. Furthermore, suitability of the individual mapping units for re-
gearch trials is given.
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suitability

ISSN 0924-3062

Copyright 1989

The HINAND STARING CENTRE for Integrated Land,; Soil and Hater Research, Posthus
125, 6700 AC Hageningen (The Metherlands).
Phone: +318370-19100) fax: +318370-24812; telex: 75230 VISI-HL.

The HINAND STARING CENTRE is continuing the research of:1 Institute for Land
and Hater Hanagement Research [ICH)}, Institute for Pesticide Research, Environ-
ment Division (IOB}, Dorschkamp Research Institute for Forestry and Landscape
Planning, Division of Landscape Planning (LB), and Soil Survey Institute
(STIBOKAY,

Ho part of this publication may be reproduced or published in any form or hy
any means, or stored in a data base or retrieval system, without the written

permission from the Hinand Staring Centre.

Project nr. BEED 447yvp/1.89



TABLE OF CONTENTS

HOW TO READ THIS REPORT (blue page)

SUMMARY AND CONCLUSIONS (yellow pages)

RESUME ET CONCLUSIONS (pages jaunes)

1 INTRODUCTION

2 PHYSICAL SETTING OF THE SURVEY AREA

2.1 Location and extent

2.2 Climate

2.3 Geology and landforms

2.4 Hydrology

2.5 Vegetation and land use

3 SOILS

3.1 Survey and laboratory methods

3.2 Mapping unit symbols

3.3 Brief description of the soils of the
mapping units

3.4 Cross -sections

3.5 Soil chemical data

3.6 Soil physical data

4 QUALITATIVE LAND EVALUATION

4,1 Review of land qualities related to
crop productivity

4.2 summary

5 THE MAPPING UNITS AND THEIR SUITABILITY
FOR RESEARCH ON RICE AND DRYLAND CROPS

REFERENCES

ANNEX

1 Key to soil description classes

2 Descripticn and analytical results of

Soil Map and Profile Pit Location Map in back pocket

representative profiles

Page

13
17

19
19
20
22
23
23

25
25
25
26
30
31
33

35
35

42

47

57



HOW TO READ THIS REPORT

Nobody will argue that a report on a soil survey and land
evaluation shows little resemblance to a novel, Relatively few
people will be fascinated with its entire contents, whereas
scores of people may consider it dull and technical. This is
why this chapter is written. It serves to guide the reader who
is only interested in parts of the contents, generally the
agriculturist who is not too close to the soil.

The researcher with a superficial interest is referred to the
Summary and Conclusions to grasp the contents of the report in
a nutshell.

The non-soil scientist who needs to know the major findings of
the survey is, in addition, referred to Chapter 5. This chap-
ter gives a not too technical breakdown of the relevant prop-
erties of each mapping unit, including suitability for rice
and dryland crops, and size and homogeneity of the unit within
the survey area.

The highly-interested non-soil scientist may also wish to read
Chapter 4, which elaborates on the criteria applied in the
qualitative land evaluation. This chapter may also serve as a
basis for later quantitative land evaluation studies as part
of WARDA's research programme,

The soil scientist can easily select his chapters of interest.
He may want to take notice of the environmental data in Chap-
ter 2, and scrutinize Chapter 3, the rather technical descrip-
tion of the soils. Moreover, he may have a special interest in
technical details, for example on the profile descriptions in
Annex 2.



SUMMARY AND CONCLUSIONS

The present text reports on the soils and the physical setting
of the new WARDA experimental site near Bouaké, Cote d'Ivoire.
This description is followed by a physical land evaluation and
an indication of the suitability of the different units on the
soil map for research purposes.

Physical setting and soils

The site comprises 1220 ha of the catchment area of the river

M'bé. Three major physiographic units are distinguished. They

occur in a toposequential pattern, also known as the upland/

inland swamp continuum:

- Uplands: approximately 1 km wide, upper slopes 0-2%, middle
and lower slopes 2-4%, comprising 69% of the total area;
rainfall is the only water source;

- Colluvial footslopes: 20-200 m wide, slopes 1-4%, comprising
19% of the total area; in addition to rainfall, groundwater
acts as a source of meoisture to plants during part of the
year (6-8 months);

- Bottomlands: on average 20-250 m wide, slopes <1%, compris-
ing 12% of the total area; groundwater acts as main source
of moisture to plants almost during the entire year (10-12
months), with submergence during some months,

The above subdivision is used as a first level in the legend
to the soil map, which recognizes 17 units. Second and third
level subdivisions in the legend are based on sgoil depth,
gravel content, texture, external drainage and water control,.
The most important mapping units in terms of size are:

Uuvg: Upper upland slopes with very deep, gravelly, clayey
soils

Umdgl: Middle upland slopes with deep, gravelly, clayey soils

Umdol: Middle upland slopes with deep, non-gravelly, clayey
soils

Umdo2: Middle upland slopes with moderately deep to deep,
non-gravelly, loamy soils

Ummg : Middle upland slopes with moderately deep, gravelly,
loamy soils

Umsg : Middle upland slopes with shallow, gravelly, loamy
soils and ironstone outcrops

Fil : Footslopes with imperfectly to poorly drained, deep
sandy soils

Bcl : Bottomlands with deep, c¢layey soils {with water con-
trol)

Bc2 : Bottomlands with deep, clayey soils (without water
control)

A part of the upland soils has a limited depth due to the
presence of a massive compacted or even indurated lateritic
layer ('carapace' and ironstone or 'cuirasse' respectively.)
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A high gravel content is common in many upland soils, as old
ironstone layers were broken up by river incision and erosion.

Drainage conditions vary during the year with the season,
particularly in the colluvial footslopes. The soils that are
closest to the bottomlands have the watertable in the root
zone during part of the year.

Dam construction in the upper reaches of the M'bé has caused
the formation of a sizeable reservoir, entailing water control
in the M'bé bottomland, which covers 7% of the total area.

Land _evaluation

A gualitative, physical land evaluation is carried~-out, con-
sidering a number of land qualities, of which the most impor-
tant ones are listed below. The land utilization types in this
report are very broadly defined as 'lowland rice', 'upland
rice' and 'other dryland crops'.

Moisture availability is assessed in terms of length of grow-
ing period, which is determined mainly by the length of the
rainy season, the amount of stored soil moisture and the in-
fluence of groundwater.

Moisture availability is high in the bottomlands and in the
imperfectly drained parts of the footslopes. It is low in the
shallow loamy soils of the uplands and in the well drained
parts of the footslopes.

Oxygen availability is mainly expressed in terms of external
drainage, Well drained soils {(uplands) have a high oxygen
availability. It is moderate in imperfectly drained soils
(mainly colluvial footslopes), and low in the (very) poorly
drained soils (bottomlands).

Nutrient availability/inherent fertility is moderate to high
in both the soils of the uplands and the bottcmlands, but low
in the colluvial footslopes. The latter soils have a very low
organic matter content and they are low in phosphorus and
potassium.

Rootability and adequacy for tuber expansion can be broadly
assessed by the combined rating of the land characteristics
'effective soil depth' and 'bulk density'.

Effective so0il depth 1is defined here as the depth to root-
impeding layers. In the survey area, shallow or moderately
deep carapace or cuirasse is limiting the soil depth in units
Ummg and Umsg. A very high gravel content, as occurring local-
ly ih units Uuvg and Umdg, mostly goes together with high bulk
density, and thus lower rootability.

Suitability indication

The suitability indication given below is based on the size
and homogeneity of the mapping units and on the suitability of
the soils for the defined land utilization types (lowland
rice, upland rice and other dryland crops).




11

Uuvg and Umdg: total acreage 426 ha (35% of the total area).
Six large and nine medium sized, relatively homogeneous poly-
gons provide suitable experimental land. Still, before im-
plementing any research, uniformity trials are needed on these
tracts of land. The suitability for the cultivation of upland
rice as well as many other dryland crops is high.

Umsg: total acreage 165 ha {13.5%). The unit is made up of 2
large, 6 medium and 14 small polygons, which all occur as
elongated strips that follow the contours. Their suitability
for any crop is low to very low, due to general shallowness
and high variability of soil depth.

Fil: total acreage 178 ha (14.6%). The unit is made up of 2
large, 4 medium and 8 small polygons. There is ample research
land, which, unless fertilized, has a low suitability for up-
land rice and other dryland crops, due to poor soil fertility.
Moisture and oxygen availability vary during the year. In this
respect, the position on the slope is of great importance. Any
research should take into consideration the relative position
of a plot on the toposequence,

Bcl and Be2: total acreage 135 ha (11.1%). The unit is made up
of 3 large, 3 medium and 4 small polygons. Heterogeneity with-
in the units is rather high, due to colluviation-alluviation
processes and periodic submergence. The M'bé and Oundré bot-
tomlands are suitable for lowland rice trials. Bottomlands of
the other tributaries are not.

Umdol (6.7%), Umdo2 (3.0%), and Ummg (3.0%) are of secondary
importance, in terms of acreage. The remaining units are even
smaller. 'Disturbed land' occupies 3.6% of the land surface.
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RESUME ET CONCLUSIONS

Ce document décrit les conditions physigues qui prévalent dans
le nouveau site expérimental de 1'ADRAO, prés de Bouaké, Cote
d'Ivoire, Cette description est suivie d'une évaluation phy-
sique du terrain et d'une indication du degrée d'aptitude des

différentes unités de la carte pédologique a4 des fins de re-
cherche. '

Le milieu physique et les sols

Le site comprend 1.220 ha du bassin versant de la riviére
M'bé. On distingue trois unités physiographiques principales,
Elles se présentent sous forme d'une toposéquence désignée
sous 1l'appellation de continuum terrains exondés/bas-fonds.

~ Terrains exondas: environ 1 km de large, haut de pente 0-2%,
milieu et bas de pente 2-4%, couvrant 69% de la superficie
totale; les précipitations constituent 1la seule source
d'eau,

- Bas de pente colluviaux: 20-200 m de large, pente 1-4%,
couvrant 19% de la superficie totale; en plus des pluies, la
nappe phréatique assure l'alimentation hydrique des plantes
durant une partie de 1'année (5-10 mois).

- Bas-fonds: 20-250 m de large, pente <1%, couvrant 12% de 1la
superficie totale; ici, la nappe phréatique constitue durant
presque toute 1l'année (10-12 mois) la principale source
d'alimentation hydrique des plantes, avec submersion pendant
quelques mois.

La subdivision ci-dessus est utiliséde dans la légende de 1la
carte pédologique, qui reconnait 17 unités. Les subdivisions
aux deuxiéme et troisieme niveaux de la légende sont basées
sur la profondeur du sol, sa teneur en gravier, sa texture, le
drainage externe et la maitrise d'eau.

Les unités cartographiques les plus importantes en termes de
superficie sont les suivantes:

Uuvg : Terrains exondés, haut de pente, avec des scls argileux
gravileux trés profonds

Umdgl: Terrains excndas, milieu de pente, avec des sols
argileux gravileux profonds

Umdol: Terraihs exondés, milieu de pente, avec des sols
argileux profonds, sans gravillons

Umdo2: Terrains exondas, milieu de pente, avec des sols
limoneux profonds ou moyennement profonds, sans
gravillons '

Ummg : Terrains exondés, milieu de pente, avec des sols
limoneux gravileux moyennement profonds

Umsg : Terrains exondés, milieu de pente, avec des sols
limoneux gravileux peu profonds et des affleurements de
cuirasse
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Fil : Bas de pente colluviaux avec des sols sableux profonds
imparfaitement drainés ou mal drainés

Bcl : Bas-fonds avec des sols argileux profonds (avec de 1la
maitrise d'eau)

Bc2 : Bas-fonds avec des sols argileux profonds (sans
maitrise d'eau)

Une partie du terrains exondés a une profondeur limitée par
suite de la présence d'une couche latéritique massive,
compactée ou méme indurée. Si elle n'est pas durcie, cette
couche regoit la dénomination de "carapace". Indurée, elle est
appelée "cuirasse',

Une forte teneur en gravillons se retrouve communément dang
beaucoup de terrains exondés, par suite de l'incision et de
l'érosion des couches anciennes de la cuirasse.

Les conditions de drainage varient au cours de la saison, par-
ticuliérement en ce qui concerne les bas de pente colluviaux.
Dans les sols les plus proches des bas-fonds, la nappe
phréaatique se trouve & la hauteur de la zone des racines
durant une partie de l'année,

La construction d'un barrage en amont du M'bé a entrainé 1la
formation d'un réservoir de bonnes dimensions, permettant la
maitrise de 1'eau sur les terres situées en aval, qui couvrent
7% de la superficie totale.

Evaluation des terres

On a procédé a une évaluation physique qualitative des terres
en prenant en considération un certain nombre de caractéris-
tiques des terres, Dans ce résumé, seulement les caractéris-
tiques les plus importants sont donhés. Les types
d'utilization des terres sont, dans ce rapport, définis par
les catégories trés générales suivantes: '"riz de bas-fonds",
"riz pluvial"” et "autres cultures séches".

Les disponibilités en eau sont évaluées en termes de longueur
de la période de croissance. Cette longueur est déterminée par
la longueur de la saison de pluies, la quantité d'humidité
résiduelle dans le sol et le niveau de la nappe phréatique.
Les disponibilités en eau sont fortes dans les bas-fonds et
dans les parties imparfaitement drainés des bas de pente
colluviaux. Ils sont faibles dans les sols limoneux peu pro-
fonds et dans les parties bien drainées des bas de pente
colluviaux.

Les disponibilités en oxygéne sont exprimées en termes de
drainage externe. Les solgs bhien drainés (sols exondés)
présentent une forte disponibilité en oxygéne. Cette
disponibilité est moyenne dans les sols imparfaitement drainés
(essentiellement les bas de pente colluviaux) et faible dans
les sols mal (ou trés mal) drainés (bas-fonds).
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Les  disponibilités en éléments nutritifs (fertiliteé
intrinséque) sont moyennes ou fortes dans les terrains exondés
et dans les bas-fonds, mais faibles dans les bas de pente
colluviaux. Ces derniers sols ont également une trés faible
teneur en matiére organique, ainsi qu'en phosphore et en
potassium.

lLa facilité d'enracinement et d'expansion des tubercules peut
étre estimée grosso modo par une évaluation combinée des
caractéristiques des terres les suivants: "profondeur efficace
du so0l" et "densité apparente”.

Par profondeur efficace du sol, on entend la profondeur
jusgu'aux couches s'opposant a4 la pénétration des racines.
Dans la zone atudiée, il s'agit des sols ayant une carapace ou
une cuirasse 4 faible ou moyenne profondeur (Ummg, Umsg). Une
trés forte teneur en gravier, comme s'arrive localement dans
les unités Uuvg et Umdg, est associée & une densité apparente
élevée et, par conséquent, a4 une faible capacité de daveloppe-~
ment de racines.

Indication d'aptitude des unités cartographiques

Pour 1'indication d'aptitude ci-dessous, on a pris en considé-
ration la diménsion et I1'homogénéité des unités cartographi~
ques et 1'aptitude des sols pour les types d'utilization des
terres ("riz de bas-fonds", "riz pluvial" et "autres cultures
seches"),

Uuvg et Umdgl: surface 426 ha (35% de la superficie totale). 6
grands polygones et 9 de dimensions moyennes, relativement
homogénes, offrent des terres aptes & des fins exXpérimentales.
Néanmoins, parce que les précédents culturaur sont différents,
il faudra faire des essais d'uniformité sur ces terres. Elles
sont tout A4 fait aptes pour la riziculture pluviale ainsi que
pour beaucoup d'autres cultures séches.

Umsg: surface 16% ha (13,5%). On trouve ici 2 grands polygones
& de taille moyennhe et 14 petits, tous sous forme de bandes
allongées qui suivent les contours de la pente. Leur aptitude
est faible ou tréas faible, pour toute culture, en raison de la
faible profondeur du sol et de la grande variabilité spatiale
de cette profondeur.

Fil: surface 178 ha (14,6%). Cette unité est constitude par 2
grands polygones, 4 de dimensions moyennes et 8 petits. Ici,
on trouve une superficie assez grande qui se préte & des
expérimentations, mais sans fertilisation, elles ne seront que
faiblement aptes & la riziculture pluviale et & d'autres
cultures séches, car la fertilité de ces sols est médiocre.
Les disponibilités en eau et en oxygéne varient selon la
période de 1l'année. A cet égard, la position sur la pente
revét une grande importance. Toute recherche devra prendre en
considération la position relative d'une parcelle sur la
toposéquence.
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Bcl et Bc2: surface 135 ha (11,1%). Ces unités se composent de
3 grands polygones, 3 de taille moyenne et 4 petits, avec une
hétérogénéité assez élevée par suite de processus de colluvi-
onnement et alluvicnnement et des phénoménes de submersion
temporaire. Les bas-fonds des rivieres M'bé et Oundré sont
aptes pour des essais de riziculture de bas-fonds. Les bas-
fonds des autres cours d'eau ne le sont pas.

Enfin, d'importance secondaire en termes de superficie, sont
les unités suivantes: Umdol (6,7%), UmdoZ2 (3,0%), et Ummg
(3,0%). Les unités restantes sont encore plus petites. Les
"sols perturbés" occupent 3,6% de la superficie totale.
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1 INTRODUCTION

The West Africa Rice Development Association (WARDA) is one of
the thirteen member institutes of the Consultative Group of
International Agricultural Research (CGIAR).

Until 1987, WARDA had its headquarters in Monrovia, Liberia.
The then Netherlands Soil Survey Ingtitute (STIBOKA), since
1989 merged into Winand Staring Centre;, was involved in the
listing of biophysical and infrastructural aspects to possibly
base the institute in an other WARDA member state {(Andriesse,
1987). Eventually the institute moved house, and the new main
research station and administrative headquarters are now in
Bouaké, Céte d'Ivoire.

The Government of Coéte d'Ivoire tentatively pinpointed an area
of 4000 ha, approximately 15 km northwest of Bouaké, to accom-
modate new buildings as well as trial fields in the upland/in-
land swamp continuum. An important technical advantage to
settle down here is the presence of an artificial reservoir in
the upper reaches of the river M'bé, ensuring year-round water
control and irrigation facilities in the adjacent downstream
lowlands.

Subsequently, WARDA forwarded a request to the WNetherlands
Government, Ministry of Foreign Affairs (DGIS - DPO/OT), to
render assistance as to the actual demarcation and characte-
rization of representative land within the 4000 ha. A site
evaluation was carried out to this effect by STIBOKA {Smaling,
1988)., This evaluation resulted in an advice to select ap-
proximately 1300 ha of land.

The present text reports on the next step in the characteriza-
tion exercise, a detailed soil survey on a scale of 1 : 5000.
The aim of this work is to provide WARDA researcherg with a
clear insight into the physical setting of the land available
for experiments and the suitability for rice and other annual
crops. Fieldwork took place in August and September 1989.
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2 PHYSICAL SETTING OF THE SURVEY AREA

2.1 Location and extent

The survey area is located about 15 km northwest of Bouaké, in
central Céte d'Ivoire (Figure 1). Coordinates (UTM) are 5°06'W
7°52'N. '

The WARDA research area comprises 1220 ha of the catchment
area of the M'bé river, which runs approximately west-east.
Approximately 90% of the area is located on its right bank. It
includes a part of the main tributary Oundré (Figure 2). Dams
have been constructed in two tributaries., One has Fformed a
sizable artificial reservoir, the second one has been complet-
ed recently and is gradually filling up.

The area has 10.8 km of motorable tracks. It is accessible
from the tarmac road that connects Bouaké with Katiola.
Alternatively, the station can be reached from Diabo, some 20
km to the north-west of Bouaka.

Figure 1, Location of Bouak®& and Katiola in C&te d'Ivoire.
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Figure 2. Location of the survey area.

2.2 Climate

The rainfall distribution pattern in the survey area is bimod-
al. Two humid periods occur each year, separated by a rela-
tively dry period. The first humid period occurs in April-
June, the second in September-October. As average figures can
easily give too optimistic a picture of the real situation,
due to very wet ocutliers, the 50% and 75% probability rainfall
is also given. They represent the rainfall that is exceeded in
1 out of 2 years and 3 out of 4 years respectively. Data are
given in Table 1 and Figure 3. Precipitation data for Bouaké
Aero were obtained through WARDA (period 1951-1985).
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Table 1. Precipitation, potential evapotranspiration and temperature recorded
at Bouakéd Aero.

Honth Precipitation (mm) Pot. Evapot. Temperature

. . (mm) (°c)

Average K07 prob. 754 prob.
J 1 0 0 130 26.2
F 47 34 11 140 27.3
;| 86 74 63 (153 26.9
A 126 125 105 T 147 26.5
H 124 138 106 128 25.8
J 166 134 90 108 24.%
J 118 21 48 9z 23.5
A 98 95 B7 87 23.3
5 183 157 ila 109 23.7
0 139 125 iy 128 24.3
N 44 20 9 128 24.9
D 16 9 0 121 25.1
Total 1146 1478
mm
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Figure 3. Monthly K0Z and 754 probability rainfall (P (507%), P (75Z4))3 month-
ly average potential evapotranspiration (PE).

Average monthly potential evapotranspiration and temperature
have been listed too in Table 1. Temperature data were ob-
tained through WARDA (period 1951-1985), evapotranspiration
data from ORSTOM (1971; period not known). As temperature and
evapotranspiration have a much lower variability as compared
to precipitation, no probability figures are given,

The survey area is located in the bio~climatic zone of the
Guinea Savanna (Hekstra and Andriesse, 1983). To define bio-
climatic zones, the authors used the length of the period in
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which the average precipitation exceeds 0.5 x evapotranspira-
tion. In the Guinea Savanna zone, this period is defined as
165 to 270 days. For the survey area, it is about 230 days.

2.3 Geology and landforms

The bedrock that underlies the soils of the survey area is
made up of Precambrian granites and associated metamorphic
rocks of the so-called Basement Complex, which covers large
parts of West Africa (ORSTOM, 1971).

The parent material has undergone several weathering cycles.
Meanwhile, the absence of significant tectonic activity in
West-Africa has precluded any rejuvenation of natural re-
sources. As a consequence, quartz is by far the predominant
mineral in the surveyed soils. Feldspars and micas occur in
low percentages, having weathered largely intc kaolinite and
sesquioxides.

Physiographically, the area belongs to the 'Interior Plains'’
of West Africa (Hekstra and Andriesse, 1983). These are nearly
level to gently undulating (slopes 0-5%), slightly dissected
peneplains with scattered inselbergs. The interior plains
cover extensive parts of West Africa. The major part of the
interior plains is underlain by metamorphic rocks, which also
holds for the survey area.

Detailed soil surveys, comparable to the survey dealt with in
the present report were carried out in the interior plains of
Sierra Leone (Smaling et al., 1985a) and Nigeria (Smaling et
al., 1985b). Although the physiography of these sites is com-
parable to the physiography of the survey area, other environ-
mental aspects are not. Soils of the Sierra Leone site are
derived from Basement Complex rocks, but the site is located
in the Equatorial Forest zone. The Nigeria site is located in
the Guinea Savanha zone, but i1t has soils which are derived
from sandstones.

Poss {1982), in a morpho-pedologic survey near Katiola, de-
scribes 13 different toposequences. The toposequence resem-
bling the situation in the survey area is defined as: 'paysage
de collines gravillonaire convexes & plan convexes', Pre-
dominant slopes and soils in this area near Katiola appear to
be very similar to the slopes and soils in the survey area.

The toposequence of the survey area comprises three major
physiographic units, which are described below. Relief inten-
sity, which is defined as the average difference in height
between the top and the bottom of a topesequence, is approxi-
mately 40 m.

In terminology of rice-based farming systems research in West
Africa, the toposequence is known as the upland/inland swamp
continuum.
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- Uplands

The uplands in the survey area comprise the interfluves,
with flat to almost flat upper slopes (0-2%) and gentle
middle and lower slopes (2-4%). The slopes are ¢generally
slightly convex.

The distance between the top of the interfluves and the
valleybottom is approximately 700 m. The uplands comprise
about 69 percent of the total survey area.

- Colluvial footslopes
The colluvial footslopes form a transitional zone, which is
usually narrow (20 - 100 m). Near the head of a tributary it
can be up to 200 m wide. Slopes are rectilinear to slightly
concave and almost flat to gentle (i- 4%). They occupy 19
percent of the total acreage.

- Bottomlands _
The M'bé bottomland is flat and 100 to 250 m wide. It com-
prises 7% of the survey area. Tributaries are narrower
{20-50 m) and flat to almost flat (slopes less then 1%). The
bottomlands comprise 5% of the entire survey area.

2.4 Hydrology

The M'bé wvalley is a 'streamflow' valley as defined by
Savvides (1981). It does not have a well-defined water course.
According to Raunet (1985) the M'bé valley can be classified
as a 'vallon a fond plat, & flancs concaves', The tributaries
can be classified as 'vallon concave & horizontale'. _
According to Hekstra and Andriesse (1983) the drainage density
of the interior plains in this part of West Africa is low to
medium (0.3-1.2 km/km?) and the drainage texture is coarse
(0.5 streams/km2). In the survey area, the drainage density is
1.0 km/km2, and the drainage texture is about 0.4 streams/km2.
Both figures are well within the given range.

The physiographic legend applied in this soil survey follows
the hydrosequential subdivision as suggested by Moormann et
al., (1977). The two concepts are summarized in Table 2,

2.5 Vegetation and land use

The natural vegetation in the survey area consists of tall
grasses with scattered trees (wooded grassland). Patches of
forest are found oh the upper upland slopes. Secondary forest
covers most of the tributaries. This type of vegetation 1is
common in the Guinea S$Savanna vegetation zone (ORSTOM, 1971).
Bouaké is situated near the northern border of the Guinea
Savanna vegetation zone, This is not in line with the reported
position of Bouaké in the southern part of the Guinea Savanna
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Table 2. Toposequential and hydrosequential subdivisions of the upland/inland
swamp continuum in the survey area.

This report Hoorman et al (1977) Hain Hater source

uplands pluvial lands rain is the only water source}
no groundwater in the root zone

colluvial phreatic lands in addition te rainfall,

footslopes groundwater acts as a source of
water to plants during part of
the year (5-10 months)

bottomlands fluxial lands thigh) groundwater acts as main
gsource of water to plants almost
during the entire year (10-12
months }y submergence oceurs
during some months) run-ony
cver-flow

bioclimatic zone {Hekstra and Andriesse, 1983; see section
2.2).

Cultivation of the uplands is practiced through traditional
slash and burn techniques. After clearing the land, the plots
are, generally, cultivated for two or three consecutive years.
Yam is the main crop, grown in 40 cm high mounds. Other im-
portant crops are cassava, maize, groundnut and cotton. Upland
rice is less commonly cultivated.

Extensive areas in the wuplands remain fallow. 'Imperata'
gragses mainly occupy the fallow land. They may reach heights
of up to 3 meter on the deep soils of the upper upland slopes.
Only 25-30% of the total upland area is cultivated annually.
With a cultivation period of 2-3 years, this means that the
average fallow period is 7-9 years. Land with shallow soils is
not used at all.

The colluvial footslopes are more intensively cultivated,
probably because of a more reliable water supply., All crops
grown on the uplands are cultivated here as well. Yields how-
ever, seem to be lower, which is probably due to the lower
soil fertility.

The bottomlands are mainly used for rice cultivation. The M'bé
bottomland is entirely subdivided into small plots, separated
by bunds. Facilities for irrigation were constructed in the
geventies, but at the time of survey, they were in a neglected
state. The artificial reservoir in the western part of the
survey area provides water continuously. Hence, two crops of
rice can be harvested per year.

The various tributaries have so far sporadically been used for
rice cultivation.




25
3 S0ILS

3.1 Survey and laboratory methods

Aerial photographs at a 1 : 20 000 scale were especially taken
for the present survey, in May 1989.

Prior to fieldwork, an 'uncontrolled' mosaic of these photos
at a1 : 5 000 scale was prepared. It served as a base map in
the field, and is used as a base for the final soil map.

Augerings in transects across the valleys and slopes consti-
tuted most of the first part of the fieldwork period. Here-
after, a draft legend was drawn up. The legend became definite
during subsequent systematic observations. Some 650 augerings
were made, to a depth of 120 cm, where possible. 22 profile
pits were described, 16 of which were sampled. A map showing
the location of the profile pits is included in the back pock-
et of the report.

Direction et Contréle des Grands Travaux (DCGTx) in Bouaké
analyzed the soil samples of representative profiles on tex-
ture (Robinson pipette method), organic carbon (Walkley &
Black method), total nitrogen (Kjeldahl method), available
phosphorus (Olsen metheod), exchangeable bases and cation ex-
change capacity (at pH 7.0, NH, -acetate extraction).

In Wageningen, analyzes were abne on 42 core samples for the
determination of bulk density and moisture retention of the
different soils (sandtable method, pressure membrane method).
Water samples were taken from various parts of the survey
area. They were analyzed for iron content to check on possible
iron toxicity (determination by AAS).

Profile descriptions with chemical and physical data are given
in Annex 2.

3.2 Mapping unit symbols

The symbols on the soil map {(in back cover) refer to the map
legend, which is made up of 17 units.

Physiography is applied at the first level of subdivision:

Uu Uplands-upper slopes: approx. 500 m wide with 0-2% slopes

Um Uplands-middle slopes: 200 to 700 m wide, with 2-4% slopes,
in places with ironstone outcrops

F Colluvial footslopes: 20-200 m wide, slopes 1-4%

B Bottomlands: 20-250 m wide, slopes less than 1%

D Disturbed land
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For the upland soils (Uu, Um), second and third levels of sub-
division are based on soil depth and gravel content respec-
tively:

vg Very deep soils (>120 cm) with a high gravel content (15%
or more by weight; mostly in the upper part of the profile)

dg Deep soils (80-120 cm) with a high gravel content (15% or
more by weight; mostly in the upper part of the profile)

do Deep soils (B80-120 cm) with a low gravel content {not ex-
ceeding 15% by weight in any part of the profile)

mg Moderately deep soils with a high gravel content, ironstone
between 50 and 80 cm of the surface

5g Shallow soils with a high gravel content, ironstone within
50 cm of the surface

The subdivision of the soils of the footslopes (F) is based on
external drainage:

il Deep sandy soils, droundwater within rooting zone during
peak rains

i2 Deep clayey soils, undifferentiated

wl Deep sandy soils, groundwater below rooting zone during
peak rains -

w2 Moderately deep sandy soils over ironstone

The subdivision of the soils of the bottomlands (B) is based
on texture and water control:

cl Deep clayey soils, with water control

€2 Deep clayey soils, without water control

s Deep sandy soils, in places with clay below 80 cm, no water
control

Two units are distinguished with so-called disturbed lands
(D). These units are not elaborated upon in the following
chapters because they have a very high variability and do not
occur elsewhere in the region. Physiographically, they belong
to the uplands. They comprise 3.6% of the total area.

3.3 Brief description of the so0ils of the mapping units

In this section, brief descriptions are given of the different
s0ils in the survey area. Annex 2 encompasses comprehensive
descriptions of the representative soil profiles, including
the results of chemical and physical soil analyses, Class lim-
its used for the description of soils are given in Annex 1.

Many soils of the survey area have a limited depth due to a
massive compacted lateritic layer, which is sometimes hard
enough to be called ironstone. Such layers have developed from
the irreversible hardening of plinthite. This is an iron-rich,
humus-poor mixture of clay with quartz and other diluents.
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Fresh plinthite commonly occurs as dark red mottles. It chang-
es irreversibly to ironstone on exposure to repeated wetting
and drying (Soil Survey Staff, 1985).

In the survey area, layers are encountered that are still
rather soft, These massive, slightly indurated layers are
known in francophone Africa as 'carapace'. Lozet and Mathieu
{(1986) define carapace as 'accumulation continue dans toute la
masse de l'horizon, peu cimentée, se fragmente 3 la main ou
sous un faible choc au marteau'.

Real ironstone is called 'cuirasse'. It occurs in bands,
roughly following the contours, and as outcrops on the upper
parts of the uplands. Roots will not penetrate, except through
cracks. Lozet and Mathieu (1986) define cuirasse as 'horizon
continu fortement induré et cimenté par un enrichement en
sesquioxides de fer et/ou d'alumine'.

Many upland soils have a high gravel content., This is due to
the disruption of old cuirasse layers under the influence of
river incision and erosion.

In this text, soil depth classes refer to effective soil
depth, i.e. depth to root-impeding layers, including abrupt
textural changes, compacted soil horizons and ironstone. Thus,
a soll may be -described as 'shallow' or 'moderately deep' and
still be genetically deep if deep soil formation has taken
place.

Seil classification as described below, refers to the USDA
S50il Taxonomy (Soil Survey Staff, 1985), the Revised Legend of
the Soil Map of the World (FAOQ/Unesgco/ISRIC, 1988) and the
French classification system {(CPCS, 1967).

Uu - Soils of the uplands (upper slopes)

- Uuvg
Well drained, very deep, dark reddish brown, weak subangular
blocky, sandy clay to clay, often overlying carapace below
120 cm. Ironstone gravel (30-60% by weight) occurs in the
profile. Size and amount of the gravel decrease below 80 cm.
The surface soil {(15-30 cm thick) consists of sandy clay
loam. Representative profiles: 1, 2, 3, 4
Soil Taxonomy: Paleustults
FAO: Rhodi-humic Acrisols
CPCS: Sols ferrallitiques faiblement désaturés remaniés

modals

- Uusg
Well drained, shallow, weak subangular blocky, with strongly
varying colour and texture, overlying ironstone within 50
cm. Ironstone gravel (30-60% by weight) occurs throughout
the profile.
Soil Tazonomy: Lithic Ustropepts
FAO: Orthi-dystric Leptosols, petroferric phase
CPCS: Sols ferrallitiques faiblement désaturés typigues

indureés
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Um - Soils of the uplands (middle slopes)

~ Umdgl
Well drained, deep, red to yellowish red, weak subangular
blocky, sandy clay to clay, overlying carapace between 80
and 120 cm. Ironstone gravel (30-60% by weight) occurs in
the upper half of the profile. Size and amount of the gravel
decrease with depth. The surface soil (15-30 cm thick) con-
sists of sandy clay loam. Representative profiles: 5, 6
Soil Taxonomy: Paleustults ‘
FAO: Rhodi-humic Acrisols
CPCS: Solg ferrallitiques faiblement désaturés remaniés

indurés

- Umdg2
Well drained, moderately deep to deep, red to yellowish red,
weak subangular blocky, sandy clay to clay. Ironstone gravel
(30-40% by weight} occurs throughout the profile. The sur-
face so0il (15-30cm thick) consists of sandy clay loam.
Soil Taxonomy: Paleustults
FAO: Rhodi-humie Acrisols
CPCS: Sols ferrallitiques faiblement désaturés remaniés

indureés

~ Umdol

Well drained, deep, yellowish red, weak subangular blocky,

sandy clay loam to clay. Fine manganese concretions occur in

the lower part of the profile. The surface soil (20 cm

thick) consists of sandy clay lecam.

Representative profiles: 7, 8

S0il Taxonomy: Paleustults

FAO: Chromi-haplic Acrisols (with inclusions of Rhodi humic
Acrisols)

CPCS: Sols ferrallitiques faiblement désaturés remaniés
modals

- Umdo2
Well drained, moderately deep to deep, reddish brown, weak
subangular blocky, sandy lcam. Locally ironstone gravel
occurs below 50 cm. Ironstone or carapace is found at a
depth between 70 and 120 cm. The surface soil {20 cm thick)
consists of sandy loam.
Representative profile: 9
Soil Taxonomy: Paleustults
FAO: Chromi-haplic Acrisols
CPCS: Sols ferrallitiques faiblement désaturés remaniés

modals

= Ummg
Well drained, moderately deep, yellowish red, weak subangu-
lar blocky, loamy sand to sandy loam, Between 50 and 80 cm
the soil is overlying ironstone. Ironstone gravel (about 50%
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by weight) occurs in the subsoil. The surface soil (15 cm

thick) consists of sandy loam. Representative profiles: 10,

11

So0il Taxonomy: Oxic Ustropepts

FAQ: Orthi-ferralic Cambisols, petroferric phase

CPCS: Sols ferrallitiques faiblement désaturés typiques
indurés

Umsg

Well drained, shallow, dark brown to brown, weak subangular

blocky, sandy loam. Between 0 and 50 cm the soil is overly-

ing ironstone. Ironstone gravel occurs throughout the pro-

file. The surface soil {15 cm thick) consists of sandy loam.

Representative profile: 12

501l Taxonomy: Lithic Ustropepts

FAO: Orthi-dystric Leptosols, petroferric phase

CPCS: Sols ferrallitiques faiblement désaturés typiques
indurés '

- S0ils of the colluvial footslopes

Fil

Imperfectly -drained, deep, yellowish brown, weak subangular
blocky, coarse {(loamy) sand (finer textures downslope}.
Mottles occur throughout the profile. Surface secils also
consist of coarse (loamy) sand. Actual watertable during
peak rainfall ({September 1989) was between 20 and 80 cm.
Representative profiles: 13, 14, 15, 16.

S50il1 Taxonomy: Aquic Ustipsamments

FAO: Orthi-gleyic Arencsols

CPCS: Sols peu evolués d'apport colluvial hydromorphes

Fi2

Imperfectly drained, deep, yellowish brown, sandy clay to
clay. Mottles occur throughout the profile. The surface
layer {10 to 30 cm) consists of loamy sand.

Soil Taxonomy: Tropaquents

FAO: Gleyi-eutric Fluvisols

CPCS: Sols peu evolués d'apport colluvial hydromorphes

Fwl

Well drained to moderately well drained, deep. brown, weak
subangular blocky, sand to loamy sand. The surface soil
consists of coarse to medium sand. Representative profile:
17

S0il Taxonomy: Typic Ustipsamments

FAO: Orthi-luvic Arenosols

CPCS: Sols peu evolués d'apport colluvial modals
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- Fw2
Well drained, moderately deep, brown, sand to loamy sand,
overlying ironstone at a depth of 50 to 80 cm. The surface
s0il consists of coarse to medium sand.
Soil Taxonomy: Typic Ustipsamments
FAO: Orthi-luvic Arenosols, petroferric phase
CPCS: S5o0ls peu evoluas d'apport colluvial modals

B - S0ils of the bottomlands

- Becl
Very poorly drained, deep, sandy clay loam to clay, with
varying colours; in places stratified thin layers of loamy
sand. The upper 50 cm of the soil is usually reduced, the
lower part is mottled. The surface laver consists of clay.
Representative profiles: 18, 19, 20
Soil Taxonomy: Tropaguents
FAO: Gleyi-eutric Fluvisols
CPCS: Sols hydromorphes peu humiféres & gley peu profond

- Bc2
Poorly to very poorly drained, deep, gray, sandy clay loam
to sandy clay, with thin layers of coarse sand to loamy
sand. Mottles occur throughout the profile. Representative
profile: 21
S0il Taxonomy: Tropadquents
FAQ: Gleyi-eutric Fluvisols
CPCS: Sols hydromorphes peu humiféres a gley peu profond

- Bs
Pocrly to very poorly drained, moderately deep to deep, pale
brown, coarse sand to loamy sand. Mottles occur throughout
the profile. At a depth of 50 to B0 cm, this soil is over-
lying mottled clay. Representative profile: 22
Soil Taxonomy: Tropaguents
FAC: Areni-eutric Fluvisols
CPCS: Sol hydromorphes peu humiféres a gley peu profond

3.4 Cross sections

Figure 4 shows a schematic cross section of the toposequence

in the study area. It provides information on:

- The occurrence and distribution of the most important map-
ping units

~ Slope pattern and relief intensity

- Depth and texture profiles of the different soils
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Physiographic unit

Umdgt 1 Umsg Fil Bel

Mapping unit

Iranstone gravel
7772 lronstone
_____ Water surlace
Ah. Bis, SCL etg: see annex

Soil depths in cm

Figure 4. Schematic cross section of the toposequence in the survey area.

3.5 S0il chemical data

A summary of the chemical parameters of the soils of the dif-
ferent mapping units is given in Table 3. Table 4 shows iron
contents of ground- and surface water samples taken at various
sites in the survey area. The data shown in these tables are
discussed and evaluated in Section 4.2.
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Table 3. Chemical properties of the most important mapping units
{averages).

Uuvg/ Ummg /

depth Umdg Umdo Umsg Fil/Fw Bc
parameter (cm) (n=f) {n=2) Iin=1} (n=2) (n=3)
organic 0-20 2.1 1.1 0.7% 0.3% 2.1
carbon (Z) 20-40 l.0 0.8 0.7 - 0.7
total N 0-20 1.2 0.7 0.6 0.3 1.7
(Z.) 20-90 0.8 0.6 0.5 - 0.6
C/N ratio 0-20 23w 16 13 10w 1z

20-40 13 14 13 - 10
pH—HZO topsoil 6.3 6. 3%% 6.2 6.0 5.8
(1,:2.5) subsoll 6.0 5.8 5.8 5.8 6.3
P~Olsen topsoil (1.1.3.1 18%% 4 L3 15
(ppm) subsoil — W 4 3 0.5 G**
Exch, Ca topsoil 5.5 2.5 1.8 1.0 4.9
(me/100g ) subsoil 2.5 1.6 1.1 0.4 3.2
Exch. Mg topsoil 1.9 1.0 0.6 0.3 1.4
(me/100g) subsoil 0.8 ¢, 6 0.4% 0.1 2.9
Exch. K topsoil 0.6 0. 2%x 0.2 0.1 0.3
{me/100g) subsoil 0.2 0.1 0.1 0.1 0.1
Exch. Ha topsoil 0.046 0.04 0.04 0.02 0.4
(mers100g ) subsoil 0.04 0.04 0.04 0.02 0.4
CEC (pH 7) topsoil 11.0 6.0 4.0 2.6 14.1
{me/100g 1 subsoil 10.8 B.5 h.0 1.5 10.3

n = Number of profiles
* Figures were derived from 2 (Ummg/Umsg) and B (Fil/Fw) profiles.
¥% Figures were calculated from strongly varying individual data. They have
a limited validity.
¥x%% Lahoratory results of two profiles were unrealistically high and have not
been taken into account.
- Ho data available

Table 4. Iron content of various ground- and surface water samples.

Location Fe2¥(ppm) pH

Groundwater in top of footslope 4.82 6.2
Groundwater in bottom of footslope 0.65 5.5
Seepagewatexr at boundary footslope/bottomland 2.35 5.3
Seepagewater in bottonm footslope 0.50 6.5
Rain 0,06 6.3
Hafer of the lake 0,09 6.9
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3.6 S0il physical data
The physical properties of the soils of the different mapping

units are summarized in Table 5. The data shown in this table
are discussed and evaluated in Section 4.2.

Table 5. Physical properties of the most important mapping units (averages).

Uuvg/ Ummg /
depth Umdg Umdo Umag Fil/Fw Bc
parameter (n=4) (n=2) (n=2) (n=5) {n=3)
Texture - 7 clay topsoil 25 256 16 7 40
{<2mm} 2 silt 14 10 a b 23
74 sand 61 65 76 88 37
Z gravel (>2mm) 11 0 14 0 ¢
Texture - 7 clay subsoil 47 49 19 7 I3
(<2mm) Z silt 13 10 10 6 21
7 sand 40 %1 71 87 45
7 gravel (>Zmm) 43 z 51 0 o
Porosity topsoeil 55 (]:] TS 39 -
(vol.X) subsoil G6% 40 - 34 -
Hater content topsaoil 29 21 17 12 -
pF 2.0 (vol.X) subsoil 23x% 21 - 10 -
Water content topsoil 12 7 4 2 -
pF 6.2 (vol.X) subsoil 0% 15 - 2 -
Bulk density topsoil 1.3 1.4 1.5 1.6 -
{g/cm '} subsoil 1.5» 1.4 - 1.6 -

n = NHumber of profiles

# Figures were derived from 1 profile.

- HNo data avallable
Texture was not determined on the same samples as porosity, water content and
bhulk density.
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4 QUALITATIVE LAND EVALUATION

Land evaluation is the process of assessing land performance
for specified purposes {FAO, 1976, 1983}. It involves the exe-
cution and interpretation of surveys and studies of soils,
vegetation, climate and other aspects of land.

In this chapter a qualitative, physical land evaluation is
carried out for 'lowland rice', 'upland rice' and 'other dry-
land crops'. First of all, a broad overview is given of land
qualities that limit crop production on the soils of the dif-
ferent mapping units.

4.1 Review of land qualities related to crop productivity

Land qualities are complex attributes of land which act in a
distinct manner in their influence on the suitability of land
for a specific use (FAO, 1976, 1983). Land qualities are com-
posed of a set of land characteristics., These are land attri-
butes that can be measured and quantified easily, like slope
steepness, texture, drainage, pH, etc. Land qualities, on
the other hand, are mostly rated in terms of 'high', 'low’,
'severe!, 'slight', etc. Land qualities that are considered
relevant to the survey area are:

a) Moisture availability

b) Oxygen availability

c¢) Nutrient availability

d) Mutrient retention capacity
e) Soil toxicity

f) Rootability

g) Ease of cultivation

h) Risk of erosion

Also relevant, but not discussed in this text, are:

i) Occurrence of pests and soil-borne diseases

j) Climatic hazards other than moisture stress or excess
moisture

k) Risk of flooding

a) Moisture availability

Moisture availability is assessed as the combined effect of
input (precipitation, irrigation water, groundwater, seepage)
and output (evapotranspiration, run-off, deep percolation,
flow discharge) of the waterbalance.

Precipitation and evapotranspiration are relevant to all map-
ping units in the survey area. Run-off and deep percelation
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occur in uplands and the upper parts of the footslopes. See-
page is relevant only to the lower part of the footslopes and
to the bottomlands. Irrigation water and flow discharge are
only relevant to the bottomlands. The balance between input
and output 1is modified by the moisture stored by the various
soils,

In the uplands the groundwater table is permanently below the
root zone. In the footslopes and the bottomlands the ground-
water table reaches up to the root zone during the rainy
season. In the bottomlands, the groundwater table can even
reach above the so0il surface, causing temporary waterlogged
conditions.

Water that is retained in the s0il between field capacity (pF
2.0) and permanent wilting point (pF 4.2) is considered plant-
available {(water retention capacity). It is higher in the bet-
ter structured, fine-textured soils (units Uuvg, Umdg, Umdo,
Bc) than in the coarse-textured soils {units Ummg, Umsg, Fil,
Fw, Bs, see Table 5).

During dry spells and at the end of the rainy season, crops on
upland soils largely depend on the moisture stored in the
soil.

The total soll moisture storage is not only dependant on the
water retention capacity of the soil, but also on the soil
depth and the depth that can be reached by the plant roots.
For rice, the latter depth is set at 60 c¢m, for other upland
crops at 80 cm.

The soll moisture storage can have an important impact on the
length of the growing season, which is here defined as the
period in which the 50%-probability rainfall (P(50%)) exceeds
the potential evapotranspiration (PE), plus an additional
period in which the stored soil moisture is consumed. For the
survey area the period in which P(50%) exceeds PE is 140-160
days {(May to October, Figure 3). Assuming a precipitation
deficit of 3 mm/day at the end of the rainy season, the grow-
ing period of a soil with a total moisture storage of X mm is
prolonged by X/3 days. Crops on soils with a high moisture
storage capacity are thus better capable of surviving dry
spells within and at the end of the growing season. Table 6
lists soil moisture storage for the most important units.

Table 6. Soill moisture storage (mm) for the most important map units,
calculated for rice and other dryland crops.

rooting Uuvg/

crop depth Undg Undo Ummg Umsg - Fi1/Fu Bec
so0il depth >80 >80 BD-B0 0-50 >80 >80
rice 60 cm 91 21 5E5-65 0-55 51 n.r.
other 80 cm 119 123 RE-8K 0-55 &7 n.r.
dryland

crops

n.r. not relevant
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It can now be calculated that, for unikts Uuvg, Umdg and Umdo,
91/3=30 days can be added on top of the 140-160 days mentioned
above (for rice). Similarly, for unit Umsg, only 0 to 18 days
can be added.

The soils of the mapping units Fil have a low moisture storage
capacity, but this 1s more than offset by the occurrence of
shallow groundwater during the larger part of the year. It is
estimated that for the lower parts of these units an extra
30-60 days can be added to the growing season. The upper part
of these units have an estimated growing period topping-up of
20-30 days.

In the bottomlands seepage is an additional water accumulation
factor to those relevant to the uplands and footslopes. It is
hard to estimate its effect on meisture availability. A rough
estimate is an extra 60-100 days for unit Bs, and 100-150 days
for unit Bc2. For the M'bé bottomland (unit Bel), water bal-
ance measurements are less relevant, since water is available
throughout the year, from the reservoir.

b) Oxygen availability

The land quality 'oxygen availability' is edpressed in terms
of external drainage and porosity. Well drained soils have a
high oxygen availability, imperfectly drained soils a moder-
ate, and {very) poorly drained soils have a low oxygen availa-
bility. Furthermore, soils with a high porosity have a higher
oxygen availability than soils with a low porosity.

Oxygen availability is a limiting factor to cultivation of
dryland crops on the imperfectly and poorly drained soils of
the footslopes and the bottomlands. It is however not limiting
on the well drained uplands.

For upland rice, the lower oxygen availability in units Fi is
not constraining.

For lowland rice, the low oxygen availability is not a limit-
ing factor in the bottomlands,

The data in Table 5 indicate that in the uplands and colluvial
footslopes, porosity is always sufficiently high to ensure a
good oXygen availability.

c) Nutrient availability

Chemical properties of the soils of the different mapping
units are listed in Table 3. These data can be grouped into
nutrient availability/inherent fertility classes (Table B8)
according to the ranges given in Table 7. The ratings are
based on literature and experience in similar environments.
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Further wvalidation 1is necessary, which can only be done
through field research, establishi.g relationships between
fertility parameters, crop nhutrient withdrawal and crop
yields. Such data are, however, not yet available for the
survey area. Recent reviews revealed that rice withdraws on
average 34 kg N, 4 kg P and 30 kg K per ton harvested product.
For yam, these values are 5 kg N, 0.5 kg P and 6 kg K (Cooke,
“aB2: rieri, 1985),.

Table 7. Hutrient availability classes and rating tables for chemical
paramete=~ "0-20 cm).

class
ater high moderate low
T;;;i N (£.) > 1.0 1.0-0.6 < 0.6
pH—HZO > 5.8 5.2-5.8 < h.2
P-Olsen (ppm} > 6.0 4.0-6.0 < 4.0
Ca-exch (me/100g) > 1.0 ¢.6-1.0 < 0.6
Hg-exch (me/100g) > 0.5 ¢.3-0.5 < 0.3
K~exch (me/100g) - > 0.3 0.2-0.3% < 0.2

The nutrient availability ratings for the different soils of
the survey area are given in Table 8.

Table 8. Nutrient availability ratings for the different socils of the survey

area.
Uuvg/

parameter depth Undg Umdo Ummg Fil/Fw Be
Total H 0-20 high mod. low low high

20-40 mod. low low - lou
pH—HZD topsoil high high high high mod.

subsoil high mod. mod. mod. high
P-0Olsen topseoil mod. high mod. low high

subsoil - low low low mod .
Ca-exch topsoil  high high high mod. high

subsoil high high high low high
Hg-exch topsoil high high high mod. high

subsoil high high mod ., low high
K-exch topsoil high mod. mod. low mod.

subsoil mod. low low low low

- No data availakle

Since the root volume is mainly confined to the topsoil, nu-
trient availabilities for this part of the soil are the most
important.
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The ratings of Table 8 can be summarized as follows:

the soils of mapping units Uuvg and Umdg have a high fertil-
ity

the soils of units Umdo have a moderate fertility, but with
low subsoil contents of N, P and K

the soils of unit Ummg have a low to moderate fertility

the coarse-textured soils of the footslopes (Fi, Fw) are
very poor: they have low contents of N, P, and K

the clayey solls of the bottomlands (Bc) have a high fertil-
ity as far as the topsoil is concerned.

van der Poel (1989) collected nutrient availability data feor
some 60 bottomland soils in the Equatorial Forest zone and the
Guinea Savanna zone of West Africa. In comparison, the soils
of the M'bé bottomland rate among the better (Table 9).

Table 9, Heans and ranges of putrient availability for bottomland soils in

the Equatorial Forest zone, the Guinea Savanna zone (Van de Poel,
1989) and the survey area (H'b& bottomland).

Equatorial Guinea Savanna H'bé
Parameter depth Forest Zone Zone bottomland
mean range mean range mean
organic 0-20 1.7 0.6-6.7 1.1- 0.1-2.8 2.1
carbon (X) 20-50 0.5 0.1-1.2 0.5 0.1-0.9 0.7
Total N 0-20 1.3 0.1-6.0 0.8 0.1-1.9 1.7
7. 20-50 0.5 0.1-0.8 ¢.2 0.1-0.8 0.6
0 0-20 4.9 3.,8-6.6 5.8  4.6-6.7 5.8
pH-H2
20-50 5.1 4.1-6.6 5.8 4.7-7.0 6.3
Ca-~exch D-20 0.87 0.08-5.7 2.5 0.6-13.,5 4.9
(me/100g) 20-50 0.48 0.06-9.h 2.9 0.3-21.0 3.3
Hg -exch 0-20 0.43 0.06-3.8 1 0.1-10.8 .4
(me/100g ) 20-50 0.8z 0.03-7.0 1.1 0.1-18.8 2.9
K-exch 0-20 0.10 0.01-0.5 0.2 0,02-0.9 0.3
(me/100g) 20-50 0.05 0.01-0.4 0.2 0.03-0.5 0.1
Ha-exch 0-20 0.06 0.01-0.4 0 0.02-0.3 0.9
{me/100g) 20-k0 0.06 0.01-0.4 0.1 0.01-0.4 0.%
CEC 0-20 7.1 2.6-17.2 7.3 1.5-24.7 14.1
(me/100g 1} 20-50 3.7 1.6-22.3 6.5 1.7-31,2 10.3

Three remarks can be made on the appraisal of soil fertility:

As soils become submerged, electrochemical changes due to
reduction result in slightly better nutrient availability as
compared to aerobic conditions (Ponnamperuma, 1978). This
applies to the cultivation of lowland rice on the poorly
drained soils of the bottomlands. For this particular land
utilization type, availability ratings of phophorus availa-
bility and exchangeable bases as given in Table 7, should be
upgraded by one class.
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- Nitrogen in the soil is susceptible to various loss mecha-
nisms, including leaching, denitrification and wvolatiliza-
tion. These loss mechanisms act most strongly in alternat-
ingly wet and dry environments as is the case in the foot-
slopes and the bottomlands {Moormann et al., 1977). Proper
land management may reduce losses.

- Continuous cultivation without fertilizer application will
cause a rapid decline of nutrient availability, particularly
on the uplands. As long as the present cultivation/fallow
ratio (2-3 years cultivation followed by 7-9 years fallow)
is maintained, nutrient levels will remain at a reascnable
level,

d) Nutrient retention capacity

Some soils {(units Ummg, Umsg, Fil, Fw) have a low cation ex-
change capacity (Table 3). This is the result of low organic
matter content, low clay content and unfavourable clay mine-
ralegy. In such soils nutrient retention is very low and, as
leaching losses are high, a low recovery of applied fertilizer
must be expected. Under such conditions, application of fer-
tilizer should go hand in hand with proper timing and manage-
ment in order to be effective (De Datta, 1978).

The fine-textured soils of the study area {(Uuvg, Umdg, Umdo,
Fi2z, Bc) have a more favourable nuttrient retention capacity.

e) Soil Toxicity

Strongly orange-coloured ground- and surfacewater, a symptom
of high ferric iron content, was observed at various places in
the footslopes and bottomlands of the survey area. Incidence
of iron (Fe2? ) toxicity to rice in poorly drained soils is
frequently reported in literature (Van Breemen and Moormann,
1978; IITA, 1983)., At Fe? -contents of 50-100 ppm rice is
considered to start showing toxicity symptoms (bronzing).

Table 4 shows iron contents of water samples taken at various
sites in the survey area, Iron levels do not reach levels re-
ported to be toxic in literature, although strong orange col-
ouring was observed. These data do not mean that there is no
risk of iron-toxicity, since little is known on the variabili-
ty in time. Heavy rainfall may have diluted the iron contents
of the samples taken. A monitoring programme may throw a bet-
ter light on this important land quality.

Secondary effects of excess Fe2' are that it induces deficien-
cies of Zn and Cu and that it competes with K, Mg, Ca and NH4
for adsorption sites at the exchange complex, thereby en-
hancing leaching losgses of valuable nutrients,
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f) Rootability

Rootability and adequacy for tuber expansion can be broadly
assessed by rating the land characteristics 'effective so0il
depth' and 'texture'.

Effective soil depth is defined here as the depth to root-
impeding layers. These include: hard rock {not relevant to the
survey area), ironstone {(as in units Ummg and Umsg), massive
compacted layers {in units Umdg and Umdo} abrupt textural
changes (as in unit Bs) and shallow or moderately deep ground-
water {in poorly drained and imperfectly drained soils of the
footslopes and the bottomlands).

A high gravel content usually causes a high bulk density, and
thus low rootability., However, the gravelly clays of units
Uuvg and Umdg do not seem to hinder root penetration. On the
contrary, roots seem to enter deeper than in the non-gravelly
clays of the Umde units,

However, where the gravel content is very high (>50% by vol-
ume), the rootability is indeed lower.

Bulk density in the topsocils in the survey area ranges from
1.3 (uplands) ‘to 1.6 (colluvial footslopes). For tuber crops,
bulk density of the subsoil may be too high for adequate
growth. Therefore, these crops are mostly grown in large
mounds (about 40 cm high)}. This is at the same time a means to
avoid excessive wetness.

¢g) Ease of cultivation

"Ease of manual cultivation' of the soils in the survey area
is, in a strict sense, mostly high, because of the low plas-
ticity and the absence of stones and rock at the surface.

When considering ‘'ease of mechanized cultivation', slope
steepness is a relevant land characteristic and areas with
slopes over 5% rank 'moderate' for this land quality. However,
such areas occur only in unit Umsg, where they are assgociated
with ironstone outcrops, and therefore not suitable for mecha-
nized cultivation.

h) Risk of erosion

Because of prevailing gentle slopes, the erosion hazard in the
survey area is rather low.

Some evidence of rainsplash erosion is wvisible on the mounds
which are made for yam and cassava: large amounts of larger
gravel are exposed on the surfaces, indicating an outwash of
the finer material to the depressions between the mounds. How-
ever, accelerated downslope transport has not been observed.
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Kalms (1977), in an erosion study near Bouaké, measured evro-
sion losses of up to 50 tonnes/ha for plots on 4% slopes with
a low gravel content in the topsoils. This indicates a moder-
ate erosion hazard for Umdo units. Erosion losses on plots
with gravelly topsoils are much lower, probably because the
infiltration capacity of these soils is significantly higher.

Downslope tracks in the field are another cause of erosion in
the Umdo units. They can easily turn into waterways during
peak rains and small to moderate gullies can develop.

4.3 Summary

Tables 10, 11 and 12 list the land evaluation ratings for the
land qualities discussed in this chapter for lowland rice,
upland rice and other upland crops respectively. Crop require=-
ments are derived from surveys in Sierra Leone (FAO/UNDP,
1979, 1980} and from more general studies (FAO, 1983 and
1985).



Table 10. Qualitative suitability rating of map units in the survey area, for lowland rice.

Map moisture oxygen nutrient nutrient soil root- ease of cultivation erosion general

unit awvailab. availab. availak. retention tox. ability manual mechanized hazard suitability

Uuvg - P - - - x x - - nen

Uusg (xx) P (xx) . (xx) - bl ped P - non

Umdgl - P - - - X X - - non

Umdg2 - F - - - - - - - non

Umdol - I x % -~ - - - x non

UmdoZz - P (xxx) (xx) - - - - x non

Umng b4 P XX pod - - - o - non

Umsg e’ P [>x) (o) - pod - P - non

Fil - piata’y 2000 ple’d x - - - - very low

Fiz - P (=1 (-1 - x x - - non

Fwi P P pleled b4 - - - - - non

Fu2 (xx¢) P [300x¢) (¢ ) - - - - - non o
[

Bel - - - - x - x - - high

Be2 - - - - x - X - - high

Bs - - (x] {(x} x - - - - moderate

- no constraint
X slight constraint

b d moderate constraint

Peled severe constraint

P prohibitive

(S not measured, estimated from comparable soils in the survey area



Table 11. Qualitative suitability rating of map units in the survey area, for upland rice.

Map moisture oxygen nutrient nutrient soil root- ease of cultivation erosion general
unit availab, availab. availab. retention +tox. ability manual mecharized hazard suitability
Uuvy - - - - - X x - - high
Uusg (xx) - (xx) [$=1g) - 306X plod F - very low
Umdgl - - - - - x X - - high
Umdg2 - - - - - - - - - high
Undol - - x X’ - - - - x moderate
Umdo2 - - (xx) (xx) - - - - x low
Ummg x - peld pletd - - - ped - low
Umsg o’ - {xx) (xx¢) - XX - P - very low
Fil - - 200 e x - - - - low

Fiz - - (=) (=) - x b4 - - moderate
Fwl bled - T ook o d - - - - - very low
Fwz () - (xoox ) [xx) - - - - - very low
Bel - xx - - x - X - - low

BoZ - xx - - X - 1 - - low

Bs - xx (x) (%] X - - - - low

- no constraint

x slight constraint

b= moderate constraint

oK severe constraint

prohibitive

—~
—

not measured, estimated from comparable soils in the survey area

bt



Table 12. Qualitative suitability rating of map units in the survey area, for other dryland ¢rops (yam,
cassave, maize, cotton; based on average reguirements]).

HMap moisture oxygen nutrient nutrient s0il root- ease of cultivation erosion general
unit availab. availab. availab. retention tox. ability manual mechanized hazard suitability
Uuvyg - - - - n.r. x x - - high
Uusg XX - (xx) (xx) n.r. bl xx P - very low
Umdg1l - - - - n.r. X x - - high
Umdg2 - - - - n.r. - - - - high
Umndol - - x X n.r. - - - b4 moderate
Umdoz - - {ac) (2 n.r. - - - x low

Ummg X - ®X b n.r. x - bed - low

Umsg X - (xx) [xx? n.r. xx - P - very low
Fil - b 30K xX n.T. - - - he low

Fiz - - =3 (=} n.T. x x - - moderate
Fwl bed - oo d o' n.r. - - - - very low
Fwz xX - oo} [xx} n.r. ~ - - - very low
Bcl - P - - n.T. - X - - non

Be2 - ] - - n.r. - X - - non

Bs - P (x) (x) n.r. - - - - non

no constraint
x slight constraint
pled moderate constraint
X  severe constraint
P prohibitive
{ ) not measured, estimated from comparakle soils in the survey area

=3
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5 THE MAPPING UNITS AND THEIR SUITABILITY FOR RESEARCH
ON RICE AND DRYLAND CROPS

In this chapter, the preceding facts and interpretations are
gummarized for each mapping unit. Furthermore, recommendations
are given concerning the suitability of the mapping units for
research trials. These recommendations are mainly based on
unit distribution and so0il homogeneity.

Absolute and relative acreages and unit distributions are
given as well. Unit distribution is given as the number of
large (>25 ha), medium (5-25 ha), small (2-5 ha) and very
small (<2 ha) units,

Map Symbol = Uuvg
Acreage (ha) : 141 (11.6%)
Unit distribution : 2 large, 2 medium

Brief description : Upper upland slopes with very deep
gravelly clay soils

Slope (%) : 0-2

Present land use : shifting cultivation

Moisture availab. : high

Oxygen availab, : high
Nutrient availab. : high
Rootability : high
Suitability for
lowland rice : not suitable
upland rice : high
other crops : high
Recommendation : because of the size and the relative

homogeneity of the polygons, this unit is
very suitable for research trials. Uni-
formity trials may be necessary (see
remarks).

Remarks:

The horizon immediately underlying the topsoil can be extreme-
ly gravelly and somewhat compacted, thus limiting the roota-
bility.

Part of this unit is covered by termite mounds, either active
or abandonned. This affects homogeneity, since the soils of
the termite mounds have a higher fertility and a different
texture,
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Map Symbol : Uusg
Lereage (ha) : 18 (1.5%)
Unit distribution : 1 medium, 1 small, 2 very small
Brief description : Upper upland slopes with shallow gravelly
soils
Slope (%) : 0 - 2
Present land use : forest
Moisture availab. : strongly varying
Oxygen availab. : high
Nutrient availab. : strongly varying
Rootability : high in deeper pockets
Suitability for
lowland rice : not suitable
upland rice : very low
other crops : very low
Recommendation : to remain under forest
Remarks:

The surface ‘is partly often covered by large ironstone
boulders. Pockets of deeper soils occur in patches.

B e e el e e T T e

Map Symbol : Umdgl
Acreage (ha) : 285 (23.4%)
Unit distribution : 4 large, 7 medium

Brief description : Middle upland slopes with deep gravelly
clay soils

Slope (%) : 2 - 4
Present land use : shifting cultivation
Moisture availab., : high
Oxygen availab. : high
Nutrient availab. : high
Rootability : high
Suitability for
lowland rice : not suitable
upland rice : high
other crops : high
Recommendation + very suitable for research trials, uni-
formity trials may be necessary (see
remarks) .
Remarks:

A significant part of the surface of this unit is covered by
termite mounds, either active or abandonned. This affects
homogeneity, since the soils of the termite mounds have a
higher fertility, and a different texture.




Map Symbol

Acreage (ha)
Unit distribution
Brief description

S5lope (%)
Present land use

Moisture availab.
Oxygen availab,
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

Map Symbol

Acreage (ha)
Unit distribution
Brief description

Slope (%)
Present land use

Meisture availab,
Oxygen availab,
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

49

t Umdg2

: 22 (1.8%)
: 2 medium, 1 very small
: Middle upland slopes with moderately deep

to deep gravelly clay soils

: 2 - 4
: shifting cultivation

H high
: high
: high
: high

: not suitable
H high
: high

: soils are homogeneous; where the polygons

are large enough,
research trials.

they can be used for

Umdol

: 81 (6.7%)
: 1 large, 3 medium, 5 small, 4 very small
: Middle upland slopes with deep, non

gravelly clay soils

: 2 - 4
: shifting cultivation

: high
: high
: moderate (subsoil deficient in N, P, K)
: high

: not suitable
: moderate
: moderate

: where polygons are sufficiently large,

this unit can be used for research trials

Infiltration capacity of these soils is not very high, causing
a moderate erosion hazard. Some downslope tracks have devel-

oped into gullies,.

erosion measures.

Management practices must include anti-



Map Symbol

Acreage (ha)
Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

Map Symbol

Acreage (ha)
Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation
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UmdoZ2

: 36 (3.0%)
: 4 medium
: Middle upland slopes with moderately deep

to deep non-gravelly sandy loam soils

: 2 - 4
: shifting cultivation, high percentage

fallow

: moderate to high
H high

:+ low to moderate
: high

: not suitable
: low
: low

: when sufficiently large, this unit can be

used for research trials.

: Unmg

: 36 (3.0%)
¢ 3 medium, 5 small, 2 very small
: Middle upland slopes with moderately deep

gravelly sandy loam soils

: 1 - 8
: shifting cultivation

: moderate

: high

: low (deficient in N, P)
: high

: not suitable
: low
: low

: bacause of the limited size of the poly-

gons and the high heterogeneity of the
soil depth caused by the irregular iron-
gstone surface, this wunit has limited
suitability for research trials.




Hap Symbol

Acreage (ha)
Unit distribution

Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

"Recommendation

51

Umsg

: 165 (13.5%)
: 2 large, 6 medium, 8 small, & very small,

all in narrow bands along the contours

: Middle upland slopes with shallow gravel-

ly sandy loam soils and associated iron-
stone outcrops

:1 -8
: mainly fallow

Jow

: high
: low (deficient in N, P)
: low

: hot suitable
: very low
: very low

: not suitable

for research trials because
of strong heterogeneity of the so0il
depth.

Map Symbol

Acreage (ha)
Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

Remarks :

Where this unit is very narrow,
subsoil (below 80 cm). Near the upper boundary,

Fil

: 178 (14.6%)
: 2 large, 4 medium, 3 small, 5 very small
: Footslopes with imperfectly to poorly

drained deep sandy soils
1 -3

: shifting cultivation

: high

: low

: low (highly deficient in N, P, Mg, K)
: moderate

: very low

low
low

: when sufficiently large, this unit can be

used for research trials.

ironstone may occur in the
the so0ils may

locally be very gravelly.

In the lower parts of this unit,

the groundwater reaches the

surface during the wet season, possibly causing iron toxicity.



Map Symbol

Acreage (ha)
Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

52

Fi2

: 10 (0.8%)
: 3 small, 3 very small
: Footslopes with imperfectly drained deep

clay soils (located along the OQundre river)

1 - 2
: forest

high

: low

moderate

: moderate

: not suitable
: moderate
: moderate

to remain under forest,

Map Symbol

Acreage (ha)
Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab,
K)

Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

: 24 (1.5%)
: 2 medium, 2 small, 2 very small
: Footslopes with well to moderately well

drained deep sandy soils

: 2 - 4
: shifting cultivation, high percentage

fallow

: low
: high
: very low (highly deficient in N, P, Mg,

high

: not suitable
: very low

very low

larger mapping units are suitable for
research trials.




Map Symbol

Acreage (ha)
Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.

Rootability

Suitability for
lowland rice
upland rice

other crops

Recommendation

Hap Symbol

Acreage (ha)
Unit distribution
Brief description

S5lope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

Remarks :
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Fw2

: 19 (1.6%)
: 1 medium, 2 small, 1 very small
: Footslopes with well drained moderately

deep sandy soils

: 2 - 4
: mainly fallow

: low
: high
: very low (highly deficient in N, P, Mg,

K)

: high

: not suitable
: very low
: very low

: Not very representative and thus less

suitable for research trials.

Becl

: B3 (6.8%)
: 1 large
: Bottomlands with deep clayey soils (with

water control}

: 0 -1
: lowland rice

: high
: low
: high
: low

: high
: low
: not suitable

: Suitable for lowland rice trials; irri-

gation and drainage system must be rehabi-
litated.

Locally, sandy or sandy loam subsoils occur, reflecting old
sedimentation patterns. Similar soils occur in narrow bands
(about 10 m) along the fringes of the unit. Topsoils always
consist of a puddled layer of at least 20 com sandy clay to
clay, with a high organic matter content. This very firm layer
largely precludes vertical water movement through the soil.
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Extreme iron colouring was observed at the sides of the val-

ley. Here,
enters

iron-rich seepage water from the higher slopes
the bottomland. Towards the centre of the wvalley,

drainage becomes much better and no iron colouring occurs,

Map Symbol

Acreage (ha)

Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab,
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

Map Symbol

Acreage (ha)

Unit distribution
Brief description

Slope (%)
Present land use

Moisture availab.
Oxygen availab.
Nutrient availab.
Rootability

Suitability for
lowland rice
upland rice
other crops

Recommendation

: Oundre bottomland is

: 52 (4.3%)
: 2 medium, 3 small, 4 very small
: Bottomlands with deep clay soils, without

water control

: 0 -1

lowland rice and forest

: high
: low
+ high
: low

: low
: not suitable

suitable for re-
search trials. Bottomlands of smaller
tributaries are wusually too small and
should remain under forest,

Bs

: 16 (1.3%)
: 2 medium, 1 small, 2 very small
: Bottomlands with moderately deep to deep,

sandy soils

: 0 -1

forest

: high
: low
: low
: high

: moderate
: low
: not suitable

to remain under forest.
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Map Symbol : D1
Acreage .(ha) : 29 (2.3%)
Unit distribution : 1 medium
Brief description : Disturbed soils, probably connected with
ancient village
Slope (%) : varying
Present land use : shifting cultivation
Moisture availab. : high
Oxygen avallab, : high
Nutrient availab. : moderate
Roctability : high
Suitability for
lowland rice : not suitable
upland rice : variable
other crops : variable
Recommendation : variability is too high and representa-

tiveness is too low to be suitable for
research trials.

Remarks:

The unit consists of a system of artificial ridges and depres-
sions with a height difference of about 2 meters. Soils are
dark brown throughout, charcoal and pottery fragments are
found up to a depth of 120 cm. Pottery fragments can be ob-
- served in yam and cassava mounds all over this unit, sometimes
in abundant amounts.

No termite mounds are found in this area, although they are
very frequent in comparable positions in the landscape, which
are not influenced by human activity.

Map Symbol : D2

Acreage (ha) : 16 (1.3%)

Unit distribution : 2 medium, 1 very small

Brief description : Disturbed soils connected with the con-
struction of the dam

Slope (%) : 5 - 10

Present land use : mainly fallow

Moisture availab. : not determined

Oxygen availab. : not determined

Nutrient availab. : not determined

Rootability + not determined

Suitability for

lowland rice : not suitable
upland rice : variable
other crops : variable

Recommendation : not suitable for research trials.
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ANNEX 1

KEY TO SOIL DESCRIPTION CLASSES

Classes from 'Guidelines for soil profile descrip-
tion' (FAC, 1977) and Soil Survey Manual {Soil
Survey Staff, 1984)

HORIZON SYMBOL
A - topsoil
B - weathered subsoil

C - Non-weathered subsoil

Slopes not steeper than 2%
Steepest slopes between 2% and 8%

SUFFIXKES

¢ - concretions

g - oxidation mottles, gleying
h - humus

m - cementation

r - reduction

s - sequioxides

t - clay illuviation
u - unspecified
TOPOGRAPHY

Flat or almost flat
Undulating

SLOPE CLASS

Flat to almost flat
Gently sloping
Sloping

EXTERNAL. DRAINAGE

Well drained
Moderately well drained

Imperfectly drained

Poorly drained

Very poorly drained

W o\ @

P

Water is removed readily

Water is removed somewhat slowly,
soil is wet for small part of the
year

Water is removed slowly, soil is
wet for significant part of the
year

Water 1s removed slowly, soils is
wet for large part of the year
Water is removed very slowly,
water table at surface for larger
part of the year

SOIL COLOUR: Colours used in the Munsell Color charts (moist

colour)

EFFECTIVE SOIL DEPTH
Shallow

Moderately deep

Deep

Very deep

0-50 cm
50-80 cm
80-120 cm
>120 cm



TEXTURE < 2mm

5 - sand

1S - loamy sand

SL =~ sandy loam

SCL - sandy clay loam
CL - clay loam

5C sandy clay

c - clay

For sand: f - fine m - medium ¢ - coarse

TEXTURE >2mm

sGR - slightly gravelly
GR - gravelly

VGR - very gravelly

STRUCTURE

grade

Weak

Moderate

size

Fine

Medium

Coarse

type

SAB - subangular blocky
AB - angular blocky

CONSISTENCE
moist

Loose

Very friable
Friable

Firm

wek
nST - non-sticky

88T - slightly sticky
ST =~ sticky

nPL - non-plastic

8Pl - slightly plastic

PL - plastic

Very fluid

2-15% gravel
15-50% gravel
50-90% gravel

Poorly formed, indistinct peds
Well formed, distinct peds

5-10 mm
10-20 mm
20-50 mm

Non-coherent

501l material crushes under very
gentle pressure

So0il material ecrushes easily under
gentle to moderate pressure

Soil material crushes under moder-
ate pressure

Practically no soil material
adheres to fingers

Soil material adheres to fingers,
but comes off rather cleanly

S0il material adheres to fingers
and tends te stretch and pull
apart

No wire is formable

Wire formable but soil mass easily
deformable

Wire formable and much pressure
required for deformation of soil
mass

When squeezed in hand, material
flows easily between fingers




MOTTLES

abundance

Feyw <2% of exposed surface
Common 2-20% of exposed surface
Many >20% of exposed surface
size

Fine < 5 mm diameter

Medium 5-15 mm diameter

Coarse >15 mm diameter
contrast -

Faint

Distinct

Prominent

ROOTS
abundance
Few
Common
Many

size

Fine
Medium
Large

BOUNDARY
distinction
Abrupt
Clear
Gradual
Diffuse
regularity
Smooth
Havy
Irregular
Broken

CUTANS

guantity

Patchy Small scattered patches of cutans

Broken Cutans cover much but not all of
ped faces

thickness

Thin

Moderately thick



ANNEX 2 DESCRIPTION AND ANALYTICAL RESULTS OF REPRESENTATIVE
PROFILES



PROFILE NUMBER: 1
HAPPING UMIT : Uuvg

SLOPE {%) : 24)

LAND USB/VEGETATION: FALLOV, INPBRATA GRASSES

CLASSIFICATION

DRAINAGE : WELL DEATNED - S0IL TAIONONT : PALEDSIULT
PLOODING : NONR - FA0 ¢ REODI-HUNIC ACRISOL
YATERTABLE: - CpCS : S0L PRARALLITIQUE FAIBLRNRST DESATURE REHANIE MODAL
PROFILE DESCRIFTION
Horizon  Colour |Texture Stroctuze Consistence MNottles Roots |}Roz.boundary )Otker featores
Syabol poist | { lmm  {qrade, aoist (abuadance, [(grade,|{distinction, |{concretions, cutans,
- - -~ -~w=- slze, - --- slae, size, | reqularity) | trotevinas, crystals)
Depth Yl typel vet contrast} | type)
Ab 141R2/2 8 VEXK FRIABLE KARY
- - - - —-—-- MR - g, | -————
¢-2 SAB s31/6PL NED,CRS| CLEAR
nvr
EBA 1.5183/2 | 8¢ FEAX FINN CONHON IROTOVINAS AND STRONG YRRHITE
- - - --—-- KEDIWW ~----- FIBE, | ————— | ACHIVITY
22-15 ] 3AB sreL HEDIUM DIRRUSE
3M00TH
Btsl 2,51R3/6 | &C WBAK FIEN CONNON
- - - - - -~ COMSB - ---- FINE, | ~——
35-40 61 SAB - 81/sPl HEDIUM CLEAR
SHOOTR
.14 2.51R4/6 | C FEAK PIRN 54
r--- --~-  COMRSE ----- PIBR,
60-30 vCR AB 31/ePL HEDIUN GRADOAL
K00
Btsl 2510476 | C VEAK FIRN
e —— - COMSE  ----- _—
90-140 R AR 8T/sPL
RENARES:
LABORATORY DATA
Horizon Sample Textore (%) pi  |C orq B tot C/N|P-Olser|Bxch. Catlons (meq/100g}|CEC {pA 7} Base
depthicm){clay silt sand qeavel]B20 KCL| (V) (M) fppmd | €@ Mg I Ma |{meg/l00g} sat.i¥)
M i-22 1 % 73 10 |6 5,501,727 1.2 14 206 ) 5.17 1.1 0.327 0.06 10.¢ 1]
BA 11-15 0 13 47| 30 [6.1 S5.3] 0,98 073 14| 163 | 3.3 o.M 000 0.0 8.2 53
Btsl 35-80 N 15 48 19 |6.2 5.41 0.62 0,56 11| 97.8 | .60 .45 0.22 0.0 1.4 45
Bts] 8-90 53 12 35¢ 38 6,3 5.5 0.45 0.45 10} 54,3 ) 2.40 .41 0.22 0.04 bé k{3
Bts) 90-140 8 0 3 .lG 64 SN 4L DU 18] 2.7 313 040 0.22 0.04 10.6 k1)
Hoxizon Sample 3 Bulk demsity ¥ater content {volume V) Vater retention
deptb{ca)| (g/ca3l pF0.0 pPL.0 pF2.0 pP2.7 pP4.2 § capacity (ma/m)
M 5-10 1.38 w0 3 B 160




PROPILE NUHBER: 2

LAND USE/VECRTATION: FALLOW, IMPERATA GRASSRS

HAPPING UNIT : Uuvyg
SLOPE (V) : 0-1 CLASSIPICATION
DRAINAGE : WRLL DRAINED - SOIL TAXOMOMY : PALEUSTULY
FLOODING : NORE - B0 + RRODI-HUMIC ACRISOL
VATERTABLE: - CBcS 1 S0L FERRALLITIQUE FAIDLEMEFT DESATURE RENAXIE MODAL
PROFILE DESCRIPTION
Horizon  Colour |Rextuze Structere Coasistence Kottles Roots |Hor.boundazy iOtber features
Syabol noist | ¢ Imm  [grade, noist {aboadance, |(abund.]{distinction, |{concretions, catans,
- - - ~~== glzg; - --- size, size, | reqularity) | krotovieas, crystals)
Depth } Imn typel vet contrast) | distr)
Ak SIR1/2 5CL VEM FRIABLE HANY
- - - - . | MR, | ———
0-23 sGR SAR 31/sPL HEDTUM CLEAR
SHOOTH
AB 51E3/3 s VEAL VPRIADLE HANY
- - - -~~~ COMRSRE ----- FNg, | ———
21-10 1] A $1/sPL NED,CRS CLEAR
SNOOTR
Btsl 2,51R3/4 | 8¢ YEAT FRIABLE COXKON CUTANS: BROKEM, WOD.THICK
- - - = ---- MEDIUK ----- PINB, | -———--— | IRONSTOXR BLOCK OF 1Zca Did-
10-23 ¥oR 71 81/sPL KEDIUN CRADTAL HRTER OCCURS
Siootd
Bts? LARI6 | C VEMK FRIMBLE FRE CUTANS: BROKEM, NOD.THICK
- - - - ---- WBOEUN ----- MR, | ———
85-130 R 3AR $2/50L NEDIUN
REMARRS:
LABORATORY DATA
Borfzon Sample Texture (V] pd  ICozg X tot C/B|P-0dcen|Exch, Catlons {meq/100q)|CKC {pF 7) Base
depthica)felay silt sand gravel[R20 XC1| [3)  (%.) fppal | Ca Mg I K [imeg/1009) sat.(%)
Ah 0-23 w o 49| v |64 6,00 3,15 130 17| 239 ] a0 2,62 1.B0 0.0 | 184 n
B 13-40 1t S0 3 6.0 5.6 1,36 0,50 15| 141 | 3.70 1.03 0.2 O.M 9.0 L]
Btsl 10-4% 43 1 50f 58 6.0 5.6/ 0,56 0.56 10| 5.2 | 2,50 0.82 0.16 0.84 ) 12.0 0
Bts? 1-130 3 15 42| 37 6.1 5.9 0.0 b4l 9.1 1203 0.55 0.16 0.8 5 10.0 {3
Horizon Sample Bulk deasity Water conteat {volume %) Vater retention
depthlcat| (g/cmd) pRO.0 pF1.0 pF2.0 pF2.7 pPd.2 | capacity {ma/n)
h 2-1 1.3 # 4 B ¥ U 210
Btsl §3-88 1.5 # 31 2 1 § uy




PROFILR HUNBER: 3 LAMD USE/VRGETATION: FALLOY
NAPPING UNIT : Uuvg

SLOPE (%} : 1-2 CLASSIFICATION

DRAIMAGE : VELL DRAINED - SOIL TAYONONY : PALRUSTULY

ILO0DING : NORR - R0 1 REODI-HUMIC ACRISQL

FATERTASLE: - CPCS 1 S0L FERRALLITIQUE PAIBLEHENT DESATURE REMANIE MODAL

PROFILE DESCRIPTION

Horizon  Colour |Terture Strocture Concistence Mottles Roots |Hor.bouwmdazy [Other featuies
Symbol molst | { Zmm  (qrade, moist {abordance, |{aburd,|{distinction, }iconcretisns, cutans,
— - - - ----  plze,  ----- size, size, | reqularity) | trotoviaas, crystals)
Deptd Y am  bype) vel contrast) | distr)
*h 1.57R3/2 | 4CL YEAL FRIABLE NANY
-—- -~~- KEDIN ----- FINB, } ———o-- —
0-14 R 3B 531/nPL NED,CRS CLEAR
SHO0TE
Btsl 5184/6 ¢ WEAK FRIADLE FEV CUTANS: BRONEM, KDD.TAICK
- - - ~--- WRDILN -~---- FINR, | ———-
16-3¢ veR SAR £32/nlL HEDIUN CLEIR
850018
Bts1 LRd € VEM FRIABLE PRY CUTAHS: BROEEN, XOD.THICK
-—— -—~=-  {OMESR ----- PINE, | ————
8- ¥R SAB s31/nPL NEDIUN GRALUAL
AxootA
Btsi .5084/6 | ¢ WEAL FRIABLE PRV CUTANS: BROREW, NOD.TRICR
- - - - -~ MEDIDK - ---- PINR, | ——-——
15-110 R 218 n3%/nPL KEDIUN CLEAR
SHOOTA
Ba LSIR4/6 | € VEM vPRIABLE
— - - - - -~ - MEDILK - ---- —_
110-123 £6R SR n8t/nPL
RENARRS:

LABORATORY DATA

Horizon Sample Tertere (%) pi  |C org B tot C/H|P-Olcea|Bxch, Cations (meq/1009}(CBC {pd 7} Base
depthicm)clay silt sand gravel{#20 KCYf (%} (.} fppm) | Ca W I Ha |(meq/li0q) sat.(%)

Ah 0-18 i 11 62l 22 |65 631185 LI 17| 8.0 | 472 LB 0.5 0K 5.6 83

Btsl 14-36 3 15 42] 63 |5.5 5.0/ 0.85 4.7 11| 2.2 ] L.46 ¢.89 9,22 0.0 5.0 45

Btst n.d.
Bts} n.d.
)+ n.d,
Horizen Sample bulk deasity Vater conteat {volom: %} Tater retentioz

depthicm)|  {g/fead} pFO.0 pPL.G pF2.4 pFL.7 pPA.2 | capacity (sa/nm)

ah -1 L2 5 1 M n ¢ 168




PROFILE NUXBIR: 4

LABD USE/VEGETATION: YAN, FALLOY

MAPPING UNIT : Uuvg
JLOPE (4} : 2 CLASSIRICATION
DRALNMGE : WLL DRAINED - S0IL TAYONOMY < PALEUSTULY
FLOODING : NOXB - FAG ¢ RRODI-HUNIC LCRISOL
VATERTABLE: - CRCS : 50L FERRALLITIQUE FPAIBLEMENT DESATORR REMAIIE HODAL
PROFILE DESCRIPTION
Horizon  Colour {fexture Stroctuze Consistence Mottles Roots (Ror.bowndary |Other featores
Syabol moist | ¢ 7mm  igrade, nist {abondance, |{abund,|(distiaction, |{cencretiens, cutaas,
- - - = ~=-=-~ 'slze, ----- site, slze, | reqularlty) | krotovimas, crystals)
Depth } Inn typet vet contrast) | distr)
ah 1.51R3.2 | 3L VEAR YER1ABLE NANY
- - --—- EDICE ----- Pi¥R, | ———-—
0-14 SAR $T/PL HED,CRS sHeotH
CLEAR
BA 5TRd/d M VEM vPRIABLE LI}
- -~ - —m-- COMSE ----- PINR, [ ——-——
H-1 s0R S4B $1/0L NED,CRS
Btsl 5TR4/6 C WBAX FRIABLE COKNON
== ~~-- MEDIDN ----- FINR, | -————
20-06 ViR SAB $1/PL HED,CRS
Btst L5478 ) ¢ VEAL FRIABLE CONKOR
- - - - ----  MEDIDN - ---- FIKE, | ——-
80-125 @R SAB $1/PL XEDIVK
B AGGREGATR
---- KASS]VE, CONPACTED, PORQUS — —
125-110
REHARKS:




PROFILE HUMBER: 5
¥ABRING UNIT : Umdgl

LAND USE/VEGETAYION: FALLOW, IMPERATA GRASSES

SLOPE (%) : 3 CLASSIFICATION
ORAINAGE : WELL DRAIDED - SOIL TAYONOMY : PALRUSTULY
FLOODING : NOXE - FAD ¢ RROBI-AUMIC ACRISOL
VATERTABLE: - CPC8 : 50L PEERALLITIQUE PATBLEMEFY DESATSRR REMAMIE INDURR
FROFILE DESCRIPTION

Horizon  Colowr |Texture Structere Comsistence Mottles Roots |Mor.bomndzry |0ther features
Syabol moist | {( 2em  (grade, neist {aboadance, |(abund,|(distirction, {{concretions, cutans,
- - - -=—- gize, ----- size, size, | reqularity) | krotovinas, crystals)
Depth ) 2m  typel Tet contrast) | distr)
Ah 1010372 SL VBAR YFRIABLE NANY
- = --—- Mgl ----- FI¥R, | ~————
0-20 sGR (11 531/500 NED,CRS CLELR

SHOOTN
Etsl 1500474 | 8L WEAL FRTABLE NABY CUTANS: NROXEN, THIN

--- -- - MM - - - - FIRR, | ———

20-18 s0R SAB 81/, HEDIUM CLER

WATT
Bts? 5185/ sc/c WEAL PRIABLE CONKON CUTANS: BROREN, XoD.THICE
---= ---~- MEDIOK - ---- FIE | ~—--—
40-74 GR SAB 51/6PL GRABUAL

Koot
Bts3 STR5/6 sc/c VEAL PR1ABEE COMMON CUTANS: DROXEA, YRIM
- - - - ===~  MRDION ----- FIg | —-—
10-102 eR 58 $1/sPL CLEAR

SHOOTH
] VFEV
- - - NASS1VB, CONPACTRD, POROUS PIR | —m—
102-125
REMARES:

LABORATORY DATA
Horlzon Simple Textore (V) pR |Corg W tot C/F|P-Olsen|Bxch. Cations (meq/108g}{CEC (pE 7) Base
degthica)|clay si1t sand qravel|820 ECL{ (V)  (%.) {ppa} | Ca Hg [ ¥a |{meg/200q} sat.(V)

ah b-20 1M 13 62 9 62 5.9 151 0,34 44| 2.6 | 3.80 1.19 0.42 0.6t 1.6 i
Btsi 2-10 33U 53| 15 (6.0 5.7) 0.83 .67 I} | 0.431 2.30 6.46 0.10 O.M 5.0 57
Bts? 40-70 11 1 M 39 |68 5.6 0,55 6.45 12| 0.43 | 2.03 0.98 0.M0 0.04 5.6 56
Bts3 70-100 5 12 35| 35 [0 5.6) 848 0.56 9 0.43 F 1.75 1.09 0.88 0.04 1.8 12
Bn 102-125 |38 10 44 0 (6.1 5.7 0.23 .28 B 0.43 1 1,56 1,09 0.06 0.04 6.4 it




PROFILY NUMDRE: &
NAPPING UNIT : Undgl

L3ND USE/VEGETATION: FALLOW, COTTON

SLOPE (%) & 2-4 CLASSIFICATION
DRAINAGE : WELL DRAINED - SOIL JAXONONT : PALRUSTULT
FLOODING : NOMR - FAO ¢ REODI-HUNIC ACRISOL
VATERTABLE: - CPCS ¢ SOE FERRALLITIQUE PATBLEMENY DESATURE RENMIIE INDURE
FROFILE DESCRIFTION
Borizen  Colour jTexture Structore Comsistence Mottles Roots jBoz.boundary |Other featuzes
Symbel wist | ( lam  {grade, aoist {abuedance, |(abund,|(distinction, {[conczetions, cutaus,
- - - — ----  glee, ----- size, size- | requiarity) | krotovimas, crystals)
Deptb Yl shape) vat costrast} |} distr)
b 1810372 8L VEAX vERIABLE NAHY STRONG TBRKITE ACTIVITI
S ——--  COMRSE - --- MEE, | ————
0-25 ShB 58Y/sPL WED,CRS CLEAR
SHO0TK
AR 1.5104,2 | 8CL VEM FRIABLE CONMON
- - - - ~-—-=- MEDION ----- FINE, | ~———-—
25-18 s6R SR 55%/nPL NEDIUN CLEAR
JR001A
Bts STR4/6 5C VEML FRIABLE CONKOK COTANS: DROKEN, XOD.THICK
- - —---  COMSE  ----- PINR, | ———--—
36-53 . CR 3B £31/nPL NEDIUN CLEAR
IRRBGULAR
1Bts STR5/6 iC VEAL FRIABLE FEVW CUTAN3: BROKEM, MOD.THICK
- = - - ~--~-- MBDIDN ----- FIME | ————
53-12 4] SAB 551/0PL CLEMR
Spo0ti
Ba AGGRBGAYE] SC VEAK PIRN vIEW CUTANS: BRORRE, MOD.TAICL
f- - - - ~ === NEDIDK -mmme FINE | ~——rme—
82-105 sCR 5aB 553/nPL

RENARES:




PROFILE HUMBRR: 7
NAPPING UNIT

SLOPR (Y] : 0-2

LAND USB/VEGETATION: FALLOW, IKPBRATA GRASSES

1 Uadol

CLASSIRTCATION

DRAINACE : WELL DRAINED - SOIL YAXOMONYT : PALEUSTULY
FLOODING : NOMR - RO + RHODI-HUNIC ACRISOL
WATERTABLE: - CPCS t S0L FERRALLITIQUE FAIBLEMENT DEJATURR REMAFIE MODAL
FROFILE DESCRIFTION
Horizen  Colour {Texture Structwre Copsistence Mottles Roots {Hor.boundary {Other featuzes
Syrbol selst | ¢ 2am  (grade, aolst {abundance, |{abund.|(distinction, |{concretiens, cutans,
b= -~-- glze, ----- size, size, | reqularity} | rotovieas, crystals)
Depth Y type) vet contrast) | distr}
kh 1018242 8CL WEAX FRIABLE FANE
- - - ---- COARSE ----- PINB, | —-———- —
0-H SAB 581/sBL NED,CRS CLEAR
SKODTE -
BA SIRIM Y ¥EAR FRIABLE COXHOK BIGH BIOLOGICAL ACYIVITT
D --=- COMSE ----- PINR, | e
20-45 SAB 51/0L MER,CRS CLEAR
_______ SM0OTR ‘
Btl 1.51R3/4 | SC YEAK FIEN COXMON CUTANS: PATCHY, THIN
- -~ - --—-- COMRSE  ----- FIRR | —-—
15-60 568 SA8 ST/0L GRADVAL -
SHooYH

Bt2 L5IRY6 | € VEAK FRIABLE/FIRN COMNON CUTANS: BROKEN, THIN
-——— ----  COMSE - ---- FINB, | -——— -—
60-100 sGR (3 }] ST/PL NEDIUN DIFFUSE

: SKOOTH
Et3 351846 ¢ YEAL FRIABLR CONNON CUTANS: BROKEM,TRIN
- - - - -—--- (COARSE - --- - FIg | ——-—
100-126 stR sih 51/sPL NEDIUN
REKARES:

LABORATORY DATA
Horlzen Sample Texture (%} pE  [Coxg N tot C/N|P-Olsen Bxch. Cations (meq/100g)|CEC [pH 7} Base
depth{cm){clay silt sand gravel (B2¢ KCL| (¥}  (%.) {ppm) | Ca Mg I Ha |(meg/l100q} sat.(V}
Mk 0-10 1% 13 62) 0 [6.4 5.8f1,13 678 I5( 9.1 |3.33 1.03 0.3 0.M 8.0 59
BA W-45 o160 52 0 |59 5.2{ 0.91 087 | 2.2 [ 2.43 0.0 .10 0.04 9.4 16
Btl 15-60 5 0 47 & |5 S5.0[0.58 0,56 10} 1.3 | L35 0.5 0.08 0.0 9.4 3l
Bt? £6-100 5 7 w6 (6% 530056 0,50 11 3.9 | 1,53 0.49 0.08 0.04 | 1L.¢ 18
Bt3 100-126 [ 58 10 32 5 (6.0 5.4] 6.3 039 10 1.7 | 2,10 0.74 0.0% 0.04 ] 1L} 5
Borizen Sample Bulk density Vater cootent [volume %) Vater refention
depthico)| {q/cad) pre.0 pFl.0 pF2.0 pP2.7 pF4.2 | capacity (mn/a)

Ab 5-10 1.3 % 2 25 8 120
Bt2 £5-10 14§ 17 ¥ 31 » M 178




PROFILE HUMBER: 8
HAPPLEG UNIY

+ Undol

LAID USE/VRGRYATION: FALLOW, LOW GRASSES

SLOPE (V) : CLASSIPICATION
DRAIBAGE : YELL DRAIMED - SOIL TAIONGMT : PALEUSTULT
ELOODING ; NOME - FAD . CERONI-HAPLIC ACRISOL
YATERTABLE: - CPCS : 50L PBRRALLITIQUE FAIBLEWENT DESATURE RENANIE XODAL
PROFILE DESCRIPTION

Horizon  Colowr |Texture Strocture Comsistence Moktles Roots [Bor.boundary |Other features
Syabol polst | ¢ Iam  [grade, mist {abuadance, |{qrade,|{distinction, |{conczetioas, catans,
--—-- ~-<-- gire, ----- size, slze, | requlazity) | krotovimas, crystals}
Depth } oo type) vet contrast) | type)
ih 1012472 $CL VEM FRIARLR HANY
- - ——  HBOLUN - - - -- FIBB, | -——--—
0-21 SAB 551/sPL NEDIUH CLEAR

VAVY
Btl 1.5104/4 | 5C VEAL FIRN COKKON
-—--- e~ HBDION - - - - PIUR, | ~ee-—-- —
21-3 SAR S/eL NEDIUN CLEAR

-- WAVI

BtZ 5TR5/8 ¢ VEAR FIRN CONNON CUTANS: BROXEM, THIN
- - == ---~- MBDIWN  ----- FIB | —————
39-13 3aB $1/5PL CRADUAL

SHOOTH
Bte 51R5/8 c REAX FIRN PRV CUTANS: BROKEW, THIN
- - - ----  NEDIK ----- FINE | ~————- CONCRETIONS: KARY, SMALL,
15-125 SAB 08/ofL ABRUEY DISTINCE

SHOOTE
Bz ¢ HASSIVE vERW CONCREYIONS: MANY, XEDIUN,
b= - - - _m——— s FINE | ——mme— PROKINENT
125-140
REMARRS:

LABORATORY DATA
Horlzan Saample Texture (V) pR |C ozg M tot C/I{P-Olsen}Bxch, Cations (meq/100g)|CEC (pB 7) Base
depthicm) {clay s11t sand gravel §20 XCI| (%)  [V.} fppm) | Ca Mg 1 Na |[meq/100q) sat.(})
Ah -1 /b 67 0 (5.0 5.4) 6.9% 0.67 16| 17 178 0.98 0,08 0.0 i1 69
Bt 21-39 IOl 52| 0 5.6 5.2 0.67 0.50 18| 3.0 | 1.35 0.74 0.08 0.04 5.4 il
B2 1-15 7 11 42| 0 (5.6 5.2] 6.5 0.45 12| 0.43( 1.10 0.66 0.088 0.04 6.4 29
Bte 15-125 5 13 3T 0 |57 5.5( 0.1 045 % 0.86 | 1.58 6.82 0,08 0.M4 14 k2|
i 125-140 £ 45 13 42 0[S 5.7 632 0.8 0.86 { 1.5¢ 0.74 0,08 0.D4 6.4 W
Horizon Sample Bulk deasity ¥ater contest {volume % ¥ater retention
depthicw}| (g/cad) pFO.0 pF1.0 pP2,0 pP2.7 pPd.2 | capacity (mm/a)

ik 5-18 1.4 1 1 16 6 168
Bt? 19-4 1.57 03w N N 150




PROFILR MUMBER: 3
MAPPING UNIT

: Undo?

LAND USB/VEGETATION: FALLOW

SLOPE (%) = 1-4 CLASSIFICATICN
DRAINAGE : VELL DRAIKBD - S0IL TAIONONY : PALEUSTULY
PLOODIEG ; NONE - FAD : CHRONI-RAPLIC ACRISOL
FATERTABLE: - CPCS : SOL FERRALLITIQUE PATBLEMENT DESATURE REMANIE
FROFILE DESCRIPTION
Horizon  Colour |TPexture Structure Consistence MHottles Roots }Hor.boundary )Other featuzes
Symbel woist | ( Zmm  (grade, noist {abuadance, |(abund.|{distinciion, |(comeretioms, cotans,
---- ----  gize, ----- size, size, | teqularity) | krotoviras, crystals)
Depth ) Ima typel vet contzast) | distr]
ih 1ore3A 18 ¥EAK vERIABLE KARY
= - == ~--- WEDIDN ----- FI¥E, | ———---
0-25 saB s57/oPL NBD,CRS CLEMR
SHOOTH
Ba 1.5104/2 | SL ¥RAR vPRIABLE COXKOH
— - - - -=-=- COMRSR ----- FIHE, | ~~—-—
B-4 SAB 081/nPL NED,CRS CLELR
SHooTR
Bt esh VEAK FRIABLE CONNOR TERNITE CBLLS
fr - ~-—- COMRBE ----- FIKE, | -~—-—- —_
§+-13 82B §51/sPL XED,CRS ABRUPY
IRREGOLAR
2Bts SIRAM 5L ¥EM FETABLE ] CUTANS: BROREN, THICK
- === -—---— COMRSE  ----- FINE, | —————me—e
13-85 ¥GR 5AR 531/sPL NED,CRS SHoOTH
CLEAR
Bn c5CL VEAK FRTABLE FE¥
— -~ - --—- COMRSE - ---- FIE, | -—--——
85-110 A8 551/ePL NEDIUM
RENARKS:




PROFILR HUNBER: 10

NAPPING UKIT ; Usmag

LAKD UGSR/VEGRTATION: FALLOW

SLOPR (%) : 2 CLASSIFICATION
DRAINAGE : VELL DRAINBD - SOIL TAIONGHNY : OXIC USTROPEPT
PLOODING : NOKE - Fa0 ¢ ORTBI-FERRALIC CANBISOL, PETROFRRRIC PHASE
VATERTABLE: - CRC3 : 80L3 FERRALLITIQUE FATBLEMENT DESATUEE TIPIQUE INDURE
PROFILE DESCRIPTION
Horizon  Colour [fexture Structure Comsistence Notties Roots (Hor.boundary |Other features
Syabol nolst | ¢ Zam  (grade, mgist (abundance, |iabund.|(distinction, |(concretioms, cotass,
- - - - -~-—-- gize, e --- size, size- | reqularity) | krotovimas, crystals)
Depth ) lan shage ) vet contrast) | distr)|.
Ah 101R3/4 fs VEAR vPRIABLE NLNY
- - - - ---- MBDIUN - ---- FIER, | ~—-—-- —
0-15 sCR SAB sT/oPL KED,CRS CLEMR
SHOOTH - -

BA 1.51R4/2 | 1S VEAL Lo0sE KAHY
---- ---- REBDIUK - ---- FINB, | ———-- —
15-2% GR SAB 231/nPl KED,CRS CLEAR

-1 SKOOYE
Bts 51R4/6 L8 VEAK vERIABLE 11
- -~ ~ ~=~—~-  MEDIUN - -~ -- PIE | ———
25-84 ¥R SAR a5Y/aPL

REMARES:




PROFILE KUNBER: 11
NAPPIEG UHIT

! Ungg

LAND USE/YECEYATION: FALLOW, INPARATA GRASS

SLOPE %) : 4 CLASSIFICATION
DEAIFACE : WELL - SOIL TAXOMONY : OXIC USTROPEPY
FLOGDIRG : NONR - FM ¢ ORTHI-FERRALIC CAMPISOL, PETROFERRIC PRASE
VATERTABLE: - CPCS : 80L FERRMLITIQUE FATBLENENY DESATURE TYPIQUE IHDURE
PROFILE DESCRIPTIODN
Horizon  Colour |Texture Strocture Comsistence Mottles Roots jHoz.boundary |Other features
Syabol poist | ¢ Imm  (grade, nolst {abundance, |labund.|({distinction, [{conczetions, cutans,
- - - -=-~-  plze, ----- size, gize | reqularity]l | krotovieas, crystals)
Depth ) Imn type} vet centrast} | distr)
Ah 103/ sL ¥EAL vFRIABLE NANY
A --—- MEDIVY - ---- FING, | -————
0-15 sGR LEL] 2 i1/nfL NED,CRS| CRADUAL
SKDOTH
BA STRINM 3L VEAK vFRIABLE CONNON TERHITE BES1S
-- - -~ ---~ MEDIDN - ---- FIRE, | ————
15-U4 vGR ShB 53T/0PL NEDIUY CRADUAL
SHoO'TH
Bts 51476 it YEXK YFRIABLE BV SONB CUTANS OF GRAVEL
- - - - ----  MRDIDK  ----- FIWE | ~———--- —_
H-10 vGR SR 531/0PL CLEAR
WAVY
Bz
— - - - KASSIVE, STRONCLY COHERENT, PERMEABLE | | ————
40-70
RENARES:

LABORATORY DATA

Horizen Sample Textore {%} pi  {C org K tot C/¥|P-Olsen|Exch. Cations {weq/100g)[CEC {pH 7) Base
depthica) |clay silt sand gravel|B2¢ ECL; (V) (%.) ippa) | Ca Mg X Ma [{meq/108q) sat.(}}

ih 0-15 18 9 73 10 (6,2 5.8/ 0.74 0,5 13{ 3.9 | 1.83 0.57 0.20 0.04 1.0 66

bA/Bts 15-40 19 10 70§ 51 |5.8 5.2; 0,66 0.5 13} 3.0 | 1.07 0.37 0.08 0.04 4.0 kL]

En n.d.

Horizon Sample
depth{cn)

Bulk deasity

{g/cal)

Vater content {volume %}
pP0.0 pF1.0 pF2.0 pF2.7 pPi.2

Vater retention
capacity (ma/n}

Ab 5-10

1.43

9 H 11 12 4

130




PROFILE NUMBEER: 12

LAND USE/VEGETATION: UPLAND RICE

FAPPING UBLY : Unsqg
SLOPE (%) = 2+ CLASSIFICATION
DRAIPAGR : MOD.WELL DEAIKED - SOIL TAIOKONY ¢ LITHIC USTROPBPY
FLOODING : FOME - FAD : DYSTRIC LEPTOSOL, PRYRGFERRIC PHASE
YATERTABLE: - CPCS : 80L PERRALLITIQUR PAIBLEMENT DESATURE 7YPIQUR I1NDURE
FROFILE DESCRIFTION

Horizen  Colour iTexture Structure Consistence Hottles Roots [Nor.bouedary |Other features
Symbol woist | ¢ Zmm  {grade, nolst (abendance, |(abund.((distizction, |{concxetions, cutans,
— - == --~-  slze, ----- size, size- | reqularity) | krotovinas, crystals)
Deptb Y Ima shape) vet contrast) | distr)
Ah 101R372 osh VEAR YFRIABLE COWHON
- ===~ COARSE - ~--- PINE, | ~————
¢-11 R A3 BST/nPL KEDIUN CLEAR

LLIDM
AR 181R3/3 csL FER
T B FINE, | ———
-2 H ] NEDIUK CLEAR

— WAVT
Bts TYIR4/4 | cdl FEW
-~ - - - m==-- MEDIUN | —————
12-18 vGR
REKAEKS:
LABORATORY DATA

Horizen $ampie Yextoze [V} pi  IC org K tot C/H|P-Olsea|Bich. Cations (meq/108¢){CEC (pR 7) Base
depth{ca)|clay silt sand gravel|B20 XC1| (%)  {V.} ippm) | Ca Mg I HMa |{meq/l00g) sat.(%}
Ah-2B  3-18 15 1 N 18 6.11
Bts n.d.
Horizon Sanple Bulk demsity Vater content {volume %) Water retention
depthical]  {g/cad) pF0.0 pF1.0 pF2.0 pR2.7 pP4.2 | capacity (an/a)
Ab 5-16 1,55 VS R Y S V. { 130




PROPILE MUMBER: 13

LAND USE/VEGETATION: UPLAND RICE

NAPRIEG UNIT : Fil

SLOPE (%) @ 14 CLASSIFICATION

DRAINAGE : IMPERFRCILY DRAIDED - 80TL TAYONONI : AQUIC USTIPSAKKENT
PLOODING : NONE - FA0 : ORTAI-GLEYIC AREWOSOL
VATERTABLE: - 65 ca

- CPCS

PROFILE DESCRIPTION

: S0 PRU EVOLUE D'APPORT COLLUVIAL HIDROMORPIE

Rorizon  Colour jYexture Structere Coosistence Moktles Roots jHoz.boundary )Other Features
Sysbol moist | ¢ Zam  (grade, mist {abucdance, |{abund.({distinction, [{concretions, cotans,
— - - - ~=—- gize, ----- size, size- | reqularity) | krotovinas, crystals)
Depth Y lam  shape) vet contzast) | distr)
Ah 10183/2 18 ¥EM VERTABLE BAKY
—_— ---- COMSE ----- PINE | —————
0-1§ 1] ST/l CLERR

SHOOYE
Cg 101R5/4 3 VEAT YERIARLE CORKON MARY
T —_ ---~  COMSR  ----- COARSE PINE, | ~———
15-65 sab a81/nPL DISTINCT  (MEDIUN
REHARIS:

LABORATORY DATA
Horlzon Sample Texture (A} pi  |Cozg ¥ tot C/N|P-OlseniBxch. Cations {meq/1084]|CEC (pf 7) Base
depthica}|clay siit sand gravellB20 KC1| (%) (L.} (ppn} | Ca Mg I ¥a |(meq/1009} sat.it)

Ah 0-15 10 7 83| 0 (6.3 5.4/ 0.19 0. & L0 0,95 &3 0,00 0,02 2.0 n
Cg 35-50 T5 8| 0 |59 52 0.7 0.2 5 0.43 | 6.40 0.14 0,06 0.02 1.4 1

Horizon Sample
depthica)

¥ater content {volume V)
pP0.0 pPl.0 p¥2.0 pF2.T ppd.2

Bolk deasity
(g/cad)

Vater retention

capacity

(nn/n}

h 5-10

1.5% N on ] 2

118




PROFILE HUNBER: 14

LAND USE/YEGETATION: UPLAND RICR

MAPPING UNIT : Fil
SLOPE (3) @ 24 CLASSIFICATION
ORAIFAGE : IPERFECILY DRAINBD - S0IL TAXONONY : ADUIC USTIPSAMMENT
PLOODING : NOME - Fa0 + ORTAI-GLBYIC ARENOSOL
VATERTABLE: - 57 cm - CPCs : 50L3 PBU RYOLUE D'APPORT COLLUVIAL BYDROMCRPHZ
FPROFILE DESCRIPTION
Horizon  Colour |Texture Structure Consistence MNottles Roots [Hor.boundary |Other features
Syabel sotst | ( Jmm  (grade, nolst {abuadance, ((abund,|{distlnctlon, |{concretions, cutans,
- - - - ---- size, ~---- size, size- | 1eqularity) | krotovimas, crystals)
Depth ) 2 shape) vet contrast} | dlstz)
ah 181R3/2 H ¥EAL YFRIABLE NAHY
- - - - --—- COMRSE - ---- FINE, | ——--—
0-u SR $1/nPL KBD,CRS CLERR
- SHOOTH
Cg 10TR5/M 5 WEAX YFRIABLE HARY COXKON
Lo - - me-- COMSE - - CORRSE FIWR, | -—-——
14-57 AR #51/nbL PRONTMENT [MEDIUN
- - - ———— -—--—- [,
RENARKS:
LABORATORY DATA
Horlzen Saaple Texture (%) pi  !C org ¥ tot C/u|P-Olsen|Exch. Cations (meq/108q)[CRC (pH 7] Base
depthicm}{clay silt sand qraveliB2d KCIj (3) (Y.} fppa} | Ca Mg I Na |(meq/180g) sat.(y)
-4 ¢ 4 |0 .55
315-50 6 5 43 0 .35
Horizon Sample Bolk deasity Vater content {volume %) Vater retention
deptb{ca)| {a/cnl) pR0.6 pF1.0 pF2.0 pP2.7 pPA.2 | capacity (mm/n}
Ah 5-10 1.5 # H 1n ] 3 50
g 45-50 1.5¢ ¥ 12 5 2 B0




PROFILE HUNBER: 15

NAPPI¥G UNIT

1 FL

SLOPE (V) ¢

DRAINAGE
FLOODIRG

¢ INPERPECILY DRAINED

: NOUB

VATERTAELE: - 20 cm

LAND USE/VEGETATION: UPLAND RICE

CLASSIRICATION

-~ SOCL TAXONONY
- FA
- CRCE

¢ MUIC USTIPSANMENY
: ORTHI-CLEYIC AREWOSOL

FROFILE DESCRIPTION

: 50L PEU EVOLUE D'APPORT COLLUVIAL DRONORPER

Horlzon  Colour |Zexture Structere Comsistence Hottles Roots |[Hor.boundary [Other features

Symbol moist | ¢ Zmm  (grade, noist (abondance, |{abund,((distioction, |{concretions, cutans,
f- -~ - ---- size, - ---- size, size- | reqularity} | lrotovinas, crystals)
Depth } mn shape) vet contrast]) | distr)

Ah 10183/2 | 18 VEAL YFRIABLE HANY

- - - - -~=-=- COARSE ----- FINR, | ~————m—-

0-20 SAB 837/nPL NRD,CRS

RENARNS:

LABORATDRY DATA

Horizon Saaple Texture (%) pi {Corg B tot C/A|P-Olsen|Bxch, Cations {meq/1009){CEC [p T) BPase
depthicmdiclay s11t sand gravel{Bl0 ICI| it}  {%.) ippl | Ca Kg I Ha |[meg/100q) sat.(})
h 0-15 T 5 8| 0 0.1
Horizon Sample Bulk demsity Vater content {volume \) Vater retention
depth(cm)| {g/cmd) pr0.0 pPl1.0 pP2.0 pF2.7 pM.2 | capacity (wa/n)
Ah 5-10 1. nm ow n 9 1 110




PROPILE MUNERR: 16
NAPRING UNIT : Fil

SLOPE {y) ¢
DRATTAGE
FLOODING : NONE

TATRRTABLE: - 15 ca

LAND USB/YEGETATION: UPLAND RICE

CLASSIPICATION

: INPERFECILY DRAINED

S0IL TAXONONI
BAQ
cecs

¢ MUIC USTIPSAHMEN?
+ ORTBI-GLEYIC ARBHOSOL

PROFILE DESCRIPTION

: 30L PEU BVOLUB D'APPORT COLLUPIAL BYDRGMORPER

— - - =

.

Horizon  Colour |Texture Structaze Comsistence Mottles Boots (Hor.bovadazy |Other featuzes

Syabol wolst | ( Inm  (grade, mist (abuadance, |{abund.|{d)stinction, |[concretions, cutans,
—--- ~---~ gize,  ----- size, slze- | reqularity) | krotovieas, crystals)
Depth ) inm shape) vet coetrast) | distr)

Ah 10183/2 | LS VMK YERIABLE KAMY

e - - - -—--- COMRSE ----- FINE, | ——==-—

0-15 518 n§1/0PL HED,CRS

RENARRS:

LABORATORY DATA

Horizon Saaple Textore (%) pi |Corg N tot C/NjP-Olsen|Bxch. Cations {meq/1009)|CEC {pE 7) Base
depthica)jclay silt sand qravel|H20 KC1| (%)  (%.) (ppn) | Ca ¥ % Na t(meq/200g) sat.(%}
A 0-15 12 5 8 0 0.97

Rorizon Sample
depth{ca)

Bolk deasity
{g/cnd)

pF0.0 pr1.0 pF1.0 pF2.7 pPi.2

Vater retention
capacity (mn/m)

Vater content [volome %)

Ah 5-10

1.63

kY]

nou n 1 156




PROFILE NUMBER: 17
HAPPING UNIT : Fwl

SLOPR (%) & 2+
DRAINAGE

FLOODIRG : NONE

: WBLL DRA[IED

VATERTABLE: - 125 cn

LAND USE/VEGETATION: FALLOY

CLASSIFICATION
- SOIL TATONOXY : TYPIC USTIPSAMMENT
- PAD : ORTRI-LUVIC ARENOSOL
- LPC3 : S0L PEU BVOLUE D'APPORT COLEUVIAL MODAL

PROFILE DESCRIPTION

Horizon  Colour [Yextore Structore Cossisteace Moktles Roots [Ror.boondary |Other features
Syabol aoist | { Zmm  (qrade, woist {abuadance, |{abund.](distiaction, |[concretions, cuians,
- - -~ ---- slze, ----- size, slze- | reqularity) | krotovinas, crystals)
Depth ) I shape) vet contrast) | distz)
Ah Le1R3/2 5 VEAL LO0SE NAHY
- - - - ~~-- HROION ----- PINR, | ————
0-20 SAB 87/0PL HED,CRS CLELR

SKOOTH
i 101R3/3 8 VEAK LOGSE NANY
— - - - ---- COMRSE ----- FIkE, | ~——-—
20-3% 8AB 281/nPL MED,CRS CLEMR
pmnmem SHootE
Co 159474 | 18 VEAT LOOSE CORKON
- - -~ ~---  MEDIDN ----- PIER, | ——
35-100 SAR 831/0PL WED,CRS CLBAR

] [HA
Col 1515/ | LS VEAL LO0SE COKNON 131
- - - - ---- MEDIN - ---- MEDIUN PINE, | ———
100-115 5AB 031/nPL DISTINCT  [NEDIUX CLELR

LU |
Cq2 1.5¥R5/4 LS VEMK LOOSE COXNON FEY
- - - ~-=-- MEDIDN ----- HEDIUN FINR, | ~——o-—
115-115 ] 8§%/nPL DISTINCT  (NBDIUM
REMARES:

LABORATORY DATA
Horizon Sample Textare (V) pd [Corg K tot C/N|P-Olsen|Bxch. Cations {meq/100q)|CEC (pd 7) Base
depthicn) |clay silt saod gravel;E10 KC1 (%.) (ppm} | Ca Ng K Fa [(aeq/100g) sat.{%)
h -0 T3 90| 0 (6.0 5.8 045 0.34 13| 3.5 }0.95 0.26 0.00 90.0% 3.0 i
1y n.d.
o 50-80 6 8 8] 0o [5.7 5.2( 0.1%9 0.22 % 0,43 | ¢.40 0,15 0.10 0.01 1.4 i1
Cql nd.
Cq2 n.d.
Horlzon Sample Bulk dessity Vater contest {volume V) Vater retention
depthica)|  lg/cad) p0.0 pP1.0 pF2.0 pF2.7 pPL,? | capacity (an/m}

Ab -} 1.0 i1 14 5 5 i 80
Co 75-80 1.56 n uw b 2 80




PROFILR NUKBER: 18
HAPPING UNIT : Bl

LAND USE/VEGETATEON: HON-USED RICE FIBLD

SLOPE (%) : 0-1 CLASSIRICATION

DRAITAGE : VERY POOR ~ SOIL TAIONONY : TROPAQUENT
FLOODING : PREQUENY - Fho : GLEYI-RUTRIC FLUVISOL
VATERTABLE: + 40 cn - CPC3 ¢ S0L HYDROMORPHR PEU HUMIPERE A GLEY PEU PROFOND

PROFILE DESCRIPTION

Horizon  Colour |Yexture Structere Consistence Kotiles Roots [Moz.bocndary |[Other Eeatures

Syabol poist | ( 2am  (grade, mist {abuadance, ({abund.){distizction, |{concretions, cutaes,

- - - - ---- glze, ----- site, gize, | regularity) | krotovimas, crystals)

Depth > mm type) et contrast) | distr}

At 3.513/0 c

0-8 v3T1/vPL

Ag 2.513/0 ¢ FEV

- - FINE _—

§-11 v§1/¥BL DISTINCY

gl 514/1 CL viT/vEL HAYY

- - - - .- COARSB  —

22-40 PRONTBEN?

Cr §13/1 3CL 8%/sPl, CONNON

- - - - - FINE ———

60-13 FALNY

Cq2 2,515/0 §CL 58 /5PL HANY

- - - - - HEDION _—

13-110 PRONINENY

BENMARES: BECAUSE OF VERY STROXG MICRO-VARIABILITY IN DEPYE OF TRE OXIDATION/RROUCTION BOUNDARY, COLOURS AND TEXTURE,
SANPLES ARE TAKEN IM 20cm LAYERS

LABORATORY DATA

Borizen Sample Textore (V) pk |6 org N tot C/H[P-Olsen|Exch. Cations {eq/1009}|CEC (pH 7) Base
depthicm)|clay silt sand qravel|B20 RC1| (3}  {V.) (ppa) } Ca Mg I Na |{meq/1t0q) sat.(V)
-1 2 W 3} 0 5.4 5.0f L.08 0.90 12| 9.5 | 4.53 1.65 0.26 0.3 15.0 59
20-10 1 M o fed 5.0 066 6,62 11 3.9 (400 3.36 0,00 0.4 1.4 58
10-60 3w 40} 0 6.4 5.3 040 0,39 10| 1.7 | 343 2.03 0.08 0.4% 19.4 113
60-20 W W S 0 |66 55018 6.17 101 0.4 | 2.83 2,38 Q.08 0.48 9.2 63




PROFILE HUNBER: 19
HAPPIEG UNIT : Bel

SLOPE (%) : 4-1

DRAINACE : POORLY DRAINED

FLOODING
VATERTRBLE: + 40cm

: FREQUERT

LMD USE/VECBTATION: POORLT WAINTAINED RICE PIELD

CLASSIFICATION

- J0IL TAXONOMY

- Fbo
- CPCS

¢ TROPAQURNY

¢ GLRYI-BUTRIC PLUYVISOL
t 80L HYDROMORPHE PRU EUMIFERE A GLET PEU PROPOND

PROFILE DESCRIPTION

Borizen  Colour {Textare Stroctwre Coosistence MHottles Roots ([Bor.bowadary [other featnies

Syabol soist | ( lmm  ({qrade, nist {abondance, |[zbund.((distinction, |{concretions, catans,

- - - - -~--- iz, ----- slze, gize- | reqularity) [ kzotovimas, crystals)

Depth } lnm shape} wet contzast) | distr)

Ar [

0-13 yFLUID

MC SCL

15-2 YFLUID

O 3CL

U-51

] 8L

51-148

REHARES: BECAUSE OF VERY STRONG NICEO-VARTABILITY IN DEPTE OF THE OXIDAYION/QEDUCTION BOUNDIRY, COLOURS AND TRXTURE,
SANPLE3 ARD TAKEN IN 20cm LAYERS

LABORATORY DATA

Horizon Sample Teature (%) pi |C org N tot C/H|P-Clsen|Exch. Cations [meq/100q)[CRC (pH 7) Base
depthice) |clay silt sand gravel jN20 RCM{ (%)  [%.} {ppm) | €2 Hg 1 Ha |(meq/1t0g) sat.(V)
8-20 i1 2 3] 0 (5.0 5.4/ 3,38 2,30 15 17,0 | 5.25 3.38 0.40 0.40 ud
20-1t 25 10 55} 0 6.0 5.3]0.89 0.TH 11| 16.5)2.50 2,13 0.10 0.4 1.4
10-60 7 2 52 0 |6 500 0.22 M B 6.1 | 2.3¢ 2.17 088 0. 6.4
£0-80 /o 45| 0 5.6 5.4 006 0.2B 6 2.2 | 2,80 3,12 0.08 0.32 12.0




PROPILE MUKBER: 20
HAPPING UBIT : Bel

SLOPE (%)
DRAIIAGE :
PLOODING : FREQUEN?
YATERTABLE: + 30 ca

H B |

POORLY DRAINED

LAND USE/VRGRTATION:

CLASSIPICATION
- SOIL TAYORONT @
- F0
- ¢rCe :

VELL NAINTAIAED RECR FIBLD

TROPRQUENT

¢ GLETI-BUTRIC PLUVISOL

$0L HIDROMORPHE PEU HUMIFERE A GLEI PEU PROPOND

PROFILE DESCRIPTION

Hozizon  Colour }%exture Structere Congistence Mottles Roots |Hozr.boozdary |(Other featores

Syabol moist | ¢ Zmm  (gzade, moist {abundance, |[abund.|{distinction, |{conmcretlons, cutans,
- - - ---- sl,,  ----- size, size- | reqularity) | krotovinas, crystals)
Deplh } s shape) vet coptrast) | dlstr)

Ar L

0-2¢ vRLUID

Cql CL

20-52 vPLUID

g2 (L

52-100

REHARKS: BRCAUSE OF VERY STRONG NICRO-VARIARILITY IN DEPTH OF THE OIIDATION/REDUCTION BOUNDARY, COLOURS AMD TRXTURES,
SANPLBS ARR TARED IH LAYERS OF 20ca THICK

LABORATORY DATA

Horlzon Sample Texture (V) pi  |Corg I tot C/WiP-Olsen|Brch. Cations {meq/1009}|CEC (pR 7) Base
depthice) [elay silt sand gravel|HZo Kcl| (3) (W) lppa) | C2 Mg I ¥a |ineg/100q} sat.(¥)
0-20 n oo {0 |5 52 1.8 L1 10191 |5.05 2.20 .22 0.2 13.0 3
-4t 3 1 43| 0 165 5.8( 0,40 0.45 9 1.7 1 3.5 2.54 0.08 0.30 3.6 n
40-60 ¥oon 40| 0 |67 5.9 026 0.3 8 0.87 | .30 3,31 0.80 0.4 11.2 1
60-30 W B0 |89 57024 0BT 0.87 | 4.40 1.60 ¢.10 0.3 itd "




FROFILE HUNBER: 21

LAND USE/VEGETARION: RICE FIRLD

NAPPLEG UNI? : Bel

SLOPE (8) : 0-1 CLASSIFICATION

DRAIFAGE ; POORLY DRAIHRD - SOIL TANONOME : TROPAQURE?

PLOODIHG : PERIODICILLY - FA0 ! GLRYI-BUNRIC FLUW[SOL

VATERYABLE: 1 20 ca - cped ¢ 50L HYORONORPEE PBU NUMIFERR A GLET PEU PROFOND
FPROFILE DESCRIPTION

Borizen  Colour |Yexture Stzuctwre Comsistence Hottles Roots |[Hor.bouadary |Other featores

Symbol moist ) ( 2am  [grade, noist {abundance, |{abund.|{distioction, [{concretions, cotass,

- -~ --=-- size, ----- size, size- | reqelarity} | krotovinas, crystals)

Depth Y 2 shape} vet contrast) { distr}

e - RECEN? GRAVEL FROM ADJACENT SLOPES ———r—

0-5

1 1.514/0 Les

5-15 23/nPL

Cg 2.5185/0 | ScCL HART

- - - - __——— e HED1UN _—

15-29 se/eL DIsTINC?

icg .515/0 | 18 FEY

SR .- e NEDIUN —_—

9-18 88/sEL FIKB

3cy 515/1 iC CONNOE

- - - - e MEDIUN —————

48-15 8t/PL DISTINCT

EENARES:




PROFILE NUWBER: 22
NAPPING UNIT : Bs

LAND USE/VEGRTATION: GRASSLAND

SLOPE (%) : 4-1 CLASSIFICATION
DRATNAGE : POORLY DRAIMED - S0IL TATOHONY : TROPAQURKY
FLOODING : PERIODICAL - FAD ¢ ARBNI-BUTRIC FLUVISOL
VATERTABLE: - CPC3 : 30L AIDRONORPEE PRU HUMIRERE A GLET PEU PROPOND
PROFILE DESCRIFTION
Horizen  Colour {fexture Stzuctare Comsistence Motlles Roots (Bor.boundary |Other featuzes
Symbel mist { (i {grade, nolst (abuadance, |{sbund,((distinction, |{concretions, cetans,
--— ~-~- size, ----- size, size- | reqularity) | krotoviaas, crystals)
Depth > shape} vet contrast) | distr)
ah 1erd/1 L8 YEAK FE1ABLE
- - - - ----~ MEDIDXK -----~- PIHE, | -
0-10 SAB 251/nPL NBD,CRS CLEAR
SK00TE
MC 10186/1 L8 VEAR FRIABLE 171
- - - = ---~ MBDIVy ----- FIRE PIBE | ~————r
10-10 818 bi1/nPL NBDTUM DIFFOSE
CLEAR H--
Cg 19186/3 c§ ¥EAK vFRIABLE CoMnon
--- ~-=- WRDIK -~~~ FI¥E FINE | —————-
20-60 SaB 132/nPL ABRDPY
WAVY
0gl 14TR6/4 e3/C  TEMX FRIABLR/FIRN  HAWY
- - - - ---- kDIK ----- LARER MR | ————
60-40 SAB PRONINEET ABRUPY
VAV!
icg? 1.511/0 ¢ YFIRN Haxy
SRR mmm—e e LARGE ———
301 §ap PRONTNRAT
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Detailed Soil Map of the WARDA
Experimental area,Bouakeé,
Cote d’ Ivoire
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