
SOIL SURVEY AND LAND EVALUATION IN THE MANO RIVER UNION AREA; 

(eastern Sierra Leone and western Liberia) 

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

W.J . Veldkamp 

Appendices 

Land Resources Survey project 

Mano River Union 

Monrovia, Freetown 

Liberia, Sierra Leone 

October 1980 

mailto:soil.isric@wur.nl


Soil survey and land evaluation in the Mano River Union area; 

(eastern Sierra Leone and western Liberia). 

APPENDICES 

CONTENTS . • ' * . 

I: Descriptions of soil series, phases and sub-phases in 

the framework for soil classication. 

lb: List of suitable crops on upland soils (series 

B, D, G, H, I, L, T and V). 

II: Qualitative rating determination of land qualities 

for crop requirements in ecological land evaluation. 

Ill: List of crops with economic value, which are ecolo­

gically suited in the MRU-area, excluding timber and 

ornamental species. 

IV: Analytical methods. 

24oH 



Appendix I 

Description of series, phases and subphases. 

Of each series the definition and a general description is 

given. Furthermore phases and, less important, sub-phases 

are defined. A documentation table lists the profiles of 

each series and the description of the determined phases 

and sub-phases of each profile, together with data about 

the agro-ecological zone and the age of the vegetation; 

also the availability of analytical data and a profile des­

cription is mentioned. For each series some profile descrip­

tions, mostly with a list of analytical data, are added at 

the end of each series description. 

The documentation table is followed by the classification 

of the available profiles according to Soil Taxonomy. Many 

soils belong to the Kandi-great group, i.e. having an ECEC/ 

100 g clay in the major part of the B-horizon of less than 

12.Clear differences between series could not always be ob­

served and therefore a complete list of all profiles is gi­

ven up to the subgroup level, mentioning the number of times 

the specific subgroup was encountered. 

The classification is followed by a description of the 

available analytical data, especially with respect to the 

average ECEC over the upper 50 cm of the soil, the ECEC per 

100 g clay in the B-horizon, the Al-saturation (or as was 

used here the minimal Al-ratio being the ratio Ca + Ma/ 

Ca + Mg + Al), and the exchangeable K-content in the surface 

soil. 

The likely occurrence of phosphate fixation is mentioned, 

if expected. Based in the available profiles and analytical 

data some fertility phases were determined. 

As last issue the land evaluation for each series is 

carried out tentatively. Firstly the land qualities are rated. 

Secondly the suitable crops are mentioned, together with the 

appropriate management levels and the agro-ecological zones. 

For practical purposes these two items have been abbreviated 

as follows: 



Appendix I, 

Management level 

Traditional a 

Improved traditional b 

Western c 

Agro-ecological zone 

A, D, P 1 

G, J, M 2 

B, E, H, Q 3 

C, F, I, R k 

K, W 5 
L, 0 6 

The abbreviations used in the descriptions of series, 

phases and sub-phases are mentioned in the following list. 

Documentation tables 

Name or number of profile 

series name: standard profile, derived from Odell et al., 

197H (Sierra Leone) or Soils Division 1977 

(Liberia). 

vM: van Mourik 1979 

ES: Eschweiler and Sessay 1980 

E : Eschweiler et al. 1980 

V : Veldkamp (MRU/Soils Division) 1980. 

Agro-ecological zone: see fig. k. 

Vegetation age (age starting from clearing of former vegetation; 

age may include period of cultivation of 2 years or less): 

1, 2, 3 etc. : years of age after last clearing 

max. : maximal (older than 17 years) 

min. : 2 years old, beginning of fallow period 

S : savanna 

G : grassland (grass fallow) 

Profile descriptions and analytical data: 

X : available, but not given in this appendix 

XX : available, given in this appendix 

: not available 

? : unknown 
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Analytical data 

- : no data 

0 : nil 

Laboratories involved in the analysis: 

Freetown 

UTA 

Illinois 

Kumasi 

USDA 

Suakoko 

Land Resources Survey project 

(FAO/UNDP-MAF), Freetown, Sierra 

Leone 

International Institute of Tropical 

Agriculture, Ibadan, Nigeria 

Agronomy Department, University of 

Illinois, Urbana-Champaign, Illinois, 

USA 

Soil Research Institute, Kumasi, Ghana 

.USDA Soil Conservation Service, USA 

Soils Division, CARI, Suakoko, Liberia 

Analytical methods can be found in Appendix IV. 

Al-saturation 

Minimum Al-ratio 

ECEC 

me Al 
me ECEC 

_ me Ca + me Mg 
me Ca + me Mg + me Al 

Ca + Mg + K + Na + (Al + H) in me/100 g. soi 

Activity of clay : me ECEC per 100 g. clay 



Series A. (Moa) 

Deep, well, moderately well or imperfectly drained soils 

with more than 20$ silt in any horizon within 1.0 m depth, but 

which does not have more than 30$ silt in all horizons within 

1.0 m depth, situated on topographically low places in the Base­

ment Complex area. 

General description 

Series A. occurs along the banks of larger streams and very 

seldom in valley bottoms. The slopes are usually 1% or less. 

The specific places where soils of the series A. are located 

are build up by a slow sedimentation of relatively silty particles. 

These particles are deposited on those places where the content 

of silt in the river water is high; this means that most of the 

sand has been deposited in valley bottom places upstream. High 

banks (up to 3 m above the average river level) are formed. These 

high banks may have a width of 100 m or more and are stream ter­

races. There is a gradual transition from the lower slope to the 

river terrace; a gradual increase of the sand fraction with depth 

is often found in profiles of series A. Especially the most re­

cent deposited soil material contains the largest content of silt. 

The clay content is relatively high; most clay particles are de­

posited further downstreams in the floodplains of large rivers 

(see series P. and R.) or end up in the ocean. 

The soils are gravelfree and have an uniform appearance. The 

A-horizon is thin arid its color is not Very different from thé 

subsoil. A usual color is 10YR 3/2-3/3, while the subsoil has 

strong brown to yellowish-brown colors (7.5-10YR 5/8-^A). 

Deeper in the B-horizon more variable colors occur, but brownish-

yellow and yellowish-brown (10YR 5/6-6/8) are dominant; distinct 

mottling can be observed at this depth. 

The groundwater level fluctuates strongly during the year; 

during the rainy season groundwater comes up to around 1 m depth, 

but in the dry season the groundwater decreases to depth of about 

2 m in general. The soil drainage of series A. profiles is charac­

terized as moderately well to imperfect; a well drained phase is 

especially separated. 



Continuation Series A. (Moa) 

Erosion is not a problem on these soils as the slope degree 

is very low. Furthermore the permeability is medium. Some erosion 

has been observed in the form of stream-bank cutting. According 

to Touber and Hellmich (personal communication) erosion was ob­

served on the higher stream terraces in the Makoni-ärea (Sierra 

Leone). 

Sometimes these soils are flooded during periods of less than 

one day during the rainy season, if streams have extremely high 

waterlevels directly after heavy rains. 

The extent of series A. is usually low; in north-eastern 

Sierra Leone it amounts k%. 

Phases 

Well drained : no waterlogging; groundwater at more than 1.0 m 

depth throughout the year, except during peak 

rainy periods; only few faint mottling within 

1.0m depth. 

Plinthic : more than 5% (by vol.) of (soft) plinthite 

within 1.5 m depth. 

Fluventic : irregular decrease of organic matter content 

with depth and the soil is clearly a fairly 

recently deposited sediment along a stream or 

river. 

Very gently sloping : slope is 1$ or more. 

Fine textured : >35$ clay within 60 cm depth in any horizon. 

Sub-phases 

Humic : soils with an A-horizon which is exceptionally 

thick and exceptionally high in organic matter 

content (umbric epipedon concept). 

Duration of waterlogging period: expressed as the number of times 

during one year and the number of weeks of 

waterlogging in each period (E.g. 2 x 2 weeks 

or 1 x 3 weeks). 



Continuation Series A. (Moa) 

Documentation table 

Name or number Country Agro-ecol. Vegetation , . , Phase or 
„ _., ..,,„. descrip- tical , , 

of profile Lib/SL zone age .. r , , sub-phase 
tion data * 

Moa SL H 8 XX XX fluventic, fine 
textured 

vM20 Lib. E 7 X X plinthic, well 
drained, fine 
textured 

VM67 Lib. G max. X X typic 

vM76 Lib. H max. X X typic (fluven­
tic?) 

V916 Lib. A 8 XX XX plinthic 

V0153 Lib. E 2 XX XX typic 

V0154 Lib. E 2 X X typic 

Classification according to Soil Taxonomy 

Oxic Fluventic (Humic) Dystropept (1X) 

Oxic Plinthic Humitropept (1x) 

Oxic Dystropept (2x) 

Oxic Plinthic Dystropept or Plinthic Kandiudult (1X) 

Description of analytical data 

The exchangeable K levels are in the range 0.08 to 0.Ü5 me/100 g soil, 

which is relatively high; a phase is separated from those soils in 

series Aj which have an exdhäni K of less than 0.15 me/100 g soil. 

The Al-saturation is very high and the minimum Al-ratio is usually 

less than 0.10; a very allic phase is necessary. 

The activity of the clay fraction is low, normally between 2 and k 

me/100 g clay; some profiles (67 and 76) were found to have very low 

activity clay, which however, is doubtful. 

Phosphate fixation by iron and aluminium compounds is likely to occur 

in most soils of series A, especially in the fine textured phase. 

The AWC is moderate. 

Fertility phase 

Low available K (exch. K in surface soil is less than 0.15 me/100 g 

soil): (Moa), 76, 0153 

Very allic (minimal Al-ratio is less than 0.05 or Al-saturation is 

more than 90%): (916). 



Continuation Series A. (Moa) 

Very low exchange capacity (average ECEC over the upper 50 cm is . 

less than 2 me/100 g soil): (67, 76). 

Moderate exchange capacity (average ECEC over the upper 50 cm is 

more than k me/100 g soil): -. 

Land evaluation 

Land qualities. 

Water : AWC is moderate for all kinds of crops. 

In the dry season the availability of water is low, independent 

of the management level. Actually the drainage class is interme­

diate between moderately well and imperfect. Local-specific data 

are needed to obtain the correct rating. The low rating is, there­

fore, a general assumption for series A. 

Oxygen : An assumption has to be made due to 

the intermediate position between two 

drainage classes. The following ratings are 

assumed: 

man. level 

a b c 

typic m h h 

Nutrients : typic 1 m h 

very allic vl 1 m 

Flooding : Well drained phase: vh; typic: h. 

There will be cases for which a medium rating should be applied: 

such cases are represented in the land evaluation as the occasio­

nally flooded phase in contrast to the typic phase, which is very 

occasionally flooded. According to the management level the ratings 

are as follows: 

man. level 

o b c 

well drained vh vh vh 

typic h vh vh 

occasionally m h vh 
flooded 

It should be noted that management level c.includes the reduction 

of flooding to nil (e.g. by dikes, planting on high ridges), while 

under management level b. flooding is reduced severely by planting 

uu ridges on pec. i ally. 



Continuation Series A. (Moa) 

Suitability 

man. level zones crops 

S1 typic b, c 12 oil palm 

1235 coconut 

235 cashew 

23^56 cassava, pineapple, rice, 

sweet potato 

c all cocoyam 

12 coffee 

2 sugar cane 

occasionally b, c 12 oil palm 

flooded phase 23H56 rice 

c all cocoyam 

12 coffee 

1235 coconut 

2 sugar cane 

235 cashew 

23^56 cassava, pineapple, sweet 

potato 

very allic phase c 12 oil palm 

1235 coconut 

235 cashew 

231+56 cassava, pineapple, rice, 

sweet potato 

S2 typic a all cassava, cashew, coconut 

b all cocoyam 

1 cassava, pineapple, rice, 

sweet potato 

12 cocoa, rubber 

1235 banana/plantain, coffee, 

sugar cane 

1U6 cashew 

23U56 cowpea, pigeon pea 

35 oil palm 

)i6 coconut 

c all citrus 

1 cassava, pineapple, rice, 

sweet potato 



Continuation Series A. (Moa) 

man. level zones crops 

12 cocoa, rubber 

1235 banana/plantain 

1U6 cashew 

23^56 cowpea, maize, pigeon pea, 

soybean, vegetables I, II, III 

135 sugar cane 

35 coffee, oil palm 

U6 coconut 

occasionally 

flooded phase 

all cassava, coconut, cocoyam, 

pineapple, sweet potato 

1 rice 

12 cocoa, rubber 

1235 banana/plantain, coffee, 

sugar cane 

1U6 cashew 

35 oil palm 

23^56 cowpea, pigeon pea 

all cassava, citrus, cowpea 

1 pineapple, rice, sweet potato 

12 cocoa, rubber 

1235 banana/plantain 

1U6 cashew 

135 sugar cane 

23U56 cowpea, maize, pigeon pea, 

soybean, vegetables I, II, III 

35 coffee, oil palm 

U6 coconut 

very allic phase b 

c 

alx cassava, cashew, coconut 

all cocoyam 

1 pineapple, rice, sweet potato 

12 cocoa, rubber 

1235 banana/plantain, coffee, 

sugar cane 

lU6 cashew 

23^56 cowpea, pigeon pea 

35 oil palm 

U6 coconut 



Continuation Series A. (Moa) 

Dry season short-cycle crops 

No crop is highly or moderately suitable for cultivation in 

the dry season, apart from the mentioned perennial crops. How­

ever, if the drainage class is really imperfect, there might be 

possibilities for several crops. It depends on how deep the 

groundwater table is at the moment of planting. It may be assumed 

that succesful cultivation can take place: 

a) if the groundwater table is within 1.0 m depth at planting 

b) if some rainfall occurs.during the first weeks after plan­

ting. 

In that case the suitability is: 

man. level zones crops  

S1 typic b, c 23456 sweet potato 

very allic phase 

S2 typic b, c 

very allic phase c 

23456 sweet potato 

all cocoyam 

1 sweet potato 

23I+56 cowpea 

23456 maize, soybean, 

I, II, III 

vegetables 

all cocoyam 

1 sweet potato 

23456 cowpea 



Series A. Phase: plinthic 

Source 
Location 

Elevation 
Agro-ecological zone 
Topography-
Physiography 
Parent material 
Vegetation/present land use 

Veldkamp, pit No. 916. 
Sefula area, Liberia, traverse No. 1, pit No. 6, 
50 m from the creek. 
17 m. 
A. 
gently undulating. 
river terrace. 
loamy alluvial and colluvial material. 
secondary regrowth, about 6 years old; vegetation 
is less dense and more grasses occur than on the 
nearby slope. 
almost 0%>. 
imperfectly drained. 
110 cm (November). 

0 cm or even above the soil surface. 
occasionally flooded during one day in the rainy 
season. 
deep. 
Oxic Plinthic Dystropept, loamy. 

B 
21 

Slope 
Drainage 
Recent groundwater level 
Estimated highest ground­
water level 
Occurrence of flooding 

Soil depth 
Classification 

Horizon description 

A., 0- 12 cm : Very dark greyish-brown (10YR 3/2); sandy loam; 
weak fine subangular blocky; sticky, non-plastic; 
many fine and many medium pores; many fine, medium 
and coarse roots; clear, smooth boundary. 

12- 59 cm : Dark brown (10YR 3/3); sandy clay loam; medium sub-
angular blocky; sticky, slightly plastic, many fine 
and many medium pores; many fine and few medium 
roots; gradual, diffuse boundary. 

59-110 cm : Yellowish-brown (10YR 5 A ) ; distinct and faint 
strong brown mottles; sandy clay loam; medium sub-
angular blocky; sticky, slightly plastic; very few 
fine roots. 

Some micromorphological remarks: At 70 cm depth no clay skins were observed. 
Pores were partly filled up with clayey and silty 
material. Mottles appeared to be in-situ and recent 
iron-accumulation (neo-ferrans). Furthermore some 
ferric nodules could be found with sharp outside 
boundaries, either old particles or formed in-situ. 
The biological activity at this depth is high. 
Some charcoal fragments were found. 

Other remarks : Profile no. 916 was classified as series A, although 
some silt contents are lower than 20; according to 
particle size analysis of the Freetown-laboratory 
the silt contents are all higher than 20. Due to 
lack of standard sampiess figures of different la­
boratories are not always comparable. 

B 
22g 



Profile: 916 Source: -

Series/phase: A-plinthic 

Laboratory: UTA 

Depth (cm): 0-12 12-59 59-110 

1 j 

Horizon symbol: A1 B21 B22g 

% gravel (>2.0 mm) 

% sand (0.05-2.0 mm) 

% silt (0.002-0.05 mm) 

% clay (<0.002 mm) 

% water dispersable clay 

0 

63 

22 

15 

0 

63 

12 • 

25 

0 

63 

^k 

23 

moisture content 0.1 bar (pF 2.0) 

moisture content 0.3 bar (pF 2.5) 

moisture content 15 bar (pF k.2) 

difference pF 2.0 and pF k.2 

difference pF 2.5 and pF k.2 

65. k 

16.1 

^9.3 

39-9 

10.7 

29.2 -

bulk density (g/cnH) 

% organic C 

% N 

pH (H20) 

pH(KCl) 

exchangeable cations (me/100 g soil) 

Ca 

Mg 

K 

Na 

exchangeable Al 

exchangeable H 

exchange acidity (Al+H) 

ECEC 

CEC 

base saturation (ace.to CEC) 

base saturation (ace.to ECEC) 

0.8 

2.61 

O.kk 

k.3 

3.8 

0.37 

0.28 

0.20 

0.1U 

3.69 

i.58 

5.27 

6.26 

16.7 

6 

16 

1.1 

0.83 

0.11 

U.5 

k.O' 

0.17 

0.03 

0.0U 

0.07 

1.81+ 

0,35 

2.19 

2.50 

5.k 

6 
12 

1.3 

0.52 

0.67 

k.7 

1+.1 

0.1U 

0.03 

0.0U 

0.07 

1.15 

0.20 

1.35 

1.63 

17 

available P (ppm) 

total P (ppm) 

total K20 (%) 

total Fe^O (%) 

total CaO (%) 

1.2 0.3 0.1 

• 



Series A. Phase: typic 

Source 
Location 

Elevation 
Agro-ecological zone 
Topography 
Phys iography 
Parent material 
Vegetation/present land use 
Slope 
Drainage 
Recent groundwater level 
Estimated highest ground­
water level 

Occurrence of flooding 
Soil depth 
Classification 

Horizon description 

A, 0-15 cm 

15- 30 cm 

'2g 

'3g 

30- 58 cm 

58-103 cm 

103-168 cm + 

Veldkamp, pit No. 0153. 
Bembele-area, Liberia, traverse No. 1, pit No. 3, 
175 m south-west of pit No. 0151 and kO m from 
the creek. 
70 m. 
E. 
undulating. 
river terrace. 
silty alluvial deposits. 
young coffee and cocoa. 
0-1$. 
imperfectly drained. 
deeper than 1.7 m, probably at 1.9-2.0 m (February) 

apart from flooding, regular groundwater level in 
the rainy season would be about 30 cm, at least 
within 1.0m. 
occasionally. 
deep. 
Oxic Dystropept, loamy. 

Dark brown (10YR 3/3); loam; weak fine sub-
angular blocky; slightly sticky, slightly plastic; 
.many very fine, fine and medium pores; many very 
fine, fine, medium and coarse roots; many charcoal 
fragments, some insect burrows; clear, smooth 
boundary. 
Dark yellowish-brown (10YR U/6); silt loam; 
moderate medium subangular blocky; sticky, slightly 
plastic; many fine, medium and few coarse pores; 
many very fine, fine and few medium and coarse roots; 
many charcoal fragments, some insect burrows; clear, 
smooth boundary. 
Yellowish-brown (10YR 5/6); few fine faint brownish-
yellow mottles; loam; moderate medium 
subangular blocky; sticky, slightly plastic; many 
fine and medium pores; many fine and medium roots; 
many charcoal fragments; gradual, smooth boundary. 
Brownish-yellow (10YR 6/6); common faint reddish 
yellow mottles; sandy clay loam; moderate medium 
subangular blocky; sticky, slightly plastic; many 
fine and medium pores; few fine and medium roots; 
many charcoal fragments; gradual, smooth boundary. 
Yellow (10YR 7/6); common to many faint to distinct 
yellowish brown and few distinct red mottles; 
sandy loam; moderate medium subangular blocky; 
sticky, slightly plastic; many fine and medium 
pores. 



Profile: 0153 Source: — 

Series/phase: A-typic 

Laboratory: Suakoko 

Depth (cm): 0-15 15-30 30-58 58-103 103-168H-

Horizon symbol: A1 C1 c2s c3g c
k& 

% gravel (>2.0 mm) 0 0 0 0 0 

% sand (0.05-2.0 mm) 46 34 46 55 51 

% silt (0.002-0.05 mm) 35 52 43 23 35 

% clay (<0.002 mm) 19 14 11 22 14 

% water dispersable clay 

moisture content 0.1 bar (pF 2.0) 61.3 43.4 38.2 36.7 39.0 

moisture content 0.3 bar (pF 2.5) 

moisture content 15 bar (pF 4.2) 16.0 14.0 12.7 11.0 12.2 

difference pF 2.0 and pF 4.2 45.3 29.6 25.5 25.7 26.8 

difference pF 2.5 and pF 4.2 

bulk density (g/cm') 0.9 1.1 1.2 1.4 -

% organic C 3.69 1.94 0.83 0.39 0.29 

% N 

pH (H20) 4.3 5.0 5.2 5.1 5.3 

pH(KCl) 3.7 4.1 4.2 4.2 4.1 

exchangeable cations (me/100 g soil) 

Ca 1.10 0.4o 0.34 0.33 0.37 

Mg 0.98 0.04 0.09 0.08 0.06 

K 0*08 0.05 0.02 0.03 0;03 

Na 0.03 O.08 0.03 0.03 0.04 

exchangeable Al 1.4 0.4 0.3 0.4 0.3 

exchangeable H 0.7 0.7 0.3 0.1 0.2 

exchange acidity (Al+H) 2.1 1.1 0.6 0.5 0.5 

ECEC 4.3 1.7 1.1 1.0 1.0 

CEC 18.4 11.4 9.5 6.7 7.9 

base saturation (ace.to CEC) 12 5 5 7 6 

base saturation (ace.to ECEC) 51 35 45 50 50 

available P (ppra) 1.1 0.7 2.4 2.8 1.1 

total P (ppm) 

total K20 (%) 

total Fe20 {%) 

total CaO {%) 



Series A. Phase: fluventic, fine textured 

Source 

Location 

Elevation 
Agro-ecological zone 
Topography 
Phys iography 

Parent material 
Vegetation/present land use 

Slope 
Drainage 

Soil depth 
Classification 

Sivarajasingham, 1968; Odell et al., 1971*, 
Moa-series. 
Kpuabu Cocoa Experiment Station, Sierra Leone; near 
the path from the nursery buildings to the wooden 
bridge over the stream. 
no data. 
H. 
undulating. 
middle of a narrow, level terrace adjoining a 
stream whose bed has incised about 3 m below the 
terrace surface. 
thick layer of clayey alluvium. 
thick stand of cocoa planted about 5-6 years ago, 
with dense foliage forming a close canopy under 
shade of many tall trees of the original secondary 
forest. 
not specified. 
moderately well. The land may be flooded 2 or 3 times 
a year for durations öf 1-2 weeks; flood water 
drains rapidly fromd the surface layers, but even 
during the height of the dry season the water table 
is encountered within 2 m below the surface. 
deep. 
Oxic fluventic (humic) Dystropept, clayey, kaolinitic. 

Horizon description 

A 0- 15 cm 

B21 15- 53 cm 

B 
22 

B. 

'1S 

53- 79 cm 

79-150 cm 

150-180 cm 

Very dark greyish-brown (10YR 3/2); clay; strong 
fine subangular blocky and fine granular; porous; 
friable, slightly sticky, slightly plastic; ter­
mites and earthworms present; many fine and medium 
roots; clear, smooth boundary. 
Strong brown to dark brown and brown (7.5YR 5/6-U/U); 
clay; strong fine subangular blocky; porous; friable, 
sticky, slightly plastic; common fine and medium 
roots; gradual, smooth boundary. 
Strong brown (7.5YR 5/6-5/8) with few, fine, distinct 
yellowish-red to red mottles; clay; strong medium 
and fine subangular blocky; porous; friable, sticky, 
slightly plastic; common fine and medium roots; 
gradual, smooth boundary. 
Brownish-yellow (10YR 6/8) with few, medium distinct 
strong brown and red mottles; yellow mottles are 
more numerous with increasing depth; clay; strong 
medium subangular blocky; porous; friable, sticky, 
slightly plastic; few fine and medium roots; gradual, 
smooth boundary. 
Mottled white (N 8/ ), yellow (2.5Y 7/6), yellowish-
brown (10YR 5/8), and strong brown (7-5YR 5/6) in a 
variegated pattern; sandy clay; wet; massive clods; 
the strong brown mottles are firm to hard and may 
be considered as incipient plinthite glaebules. 



Profile: Moa Source: Odell et al., 1971+ 

Series/phase: A-fluventic, fine textured 

Laboratory: Illinois 

Depth (cm): 0-15 15-53 79-150 

Horizon symbol: A1 
B21 B3 

% gravel (>2.0 mm) 

% sand (0.05-2.0 mm) 

% silt (0.002-0.05 mm) 

% clay (<0.002. mm) 

% water dispersable clay 

0 

37 

22 

41 

11+ 

2 

31 

21 

48 

9 

5 

31 

20 

49 

0 

moisture content 0.1 bar (pF 2.0) 

moisture content 0.3 bar (pF 2.5) 

moisture content 15 bar (pF 4.2) 

difference pF 2.0 and pF 4.2 

difference pF 2.5 and pF 4.2 

27.8 

18.1* 

8.4 

26.6 

19.3 

7.3 

27.6 

20.4 

7.2 

bulk density (g/cm^) 

% organic C 

% N 

pH (H20) 

pH(KCl) 

exchangeable cations (me/100 g soil) 

Ca 

Mg 

K 

Na 

exchangeable Al 

exchangeable H 

exchange acidity (Al+H) 

ECEC 

CEC 

base saturation (ace.to CEC) 

base saturation (ace.to ECEC) 

0.7 

2.98 

4.5 

3.8 

0.61 

0.23 

0.14 

0.05 

2.78 

3.81 

13.79 

8 

27 

0.8 

0.91 

4.6 

3.8 

0.06 

0.08 

0.09 

0.08 

1.78 

2.09 

7.94 

4 

15 

1.3 

0.41 

5.1 

4.0 

0.06 

0.21 

0.07 

0.05 

1.17 

1.56 

6.50 

6 

25 

available P (ppm) 

total P (ppm) 

total K20 {%) 

total Fe^O (%) 

total CaO {%) 

0.570 

7.38 

0.146 

0.557 

8.35 

0.097 

0.519 

8.98 

O.078 



Series B. (Sinyea) 

Deep or moderately deep, moderately well, well or more 

excessively drained soils, situated on topographically high 

places on Basement Complex uplands, containing less than 10$ 

(by volume) rocky coarse fragments within 1.2 m depth and which 

have a gravelly layer, which upper boundary is within 6o cm 

depth with more than 30$ (by volume) coarse ironstone and/or 

quartz fragments over more than 60 cm vertical distance. 

General description 

Series B. occurs on convex summits, convex upper slopes, on 

ridge summits,and on gentle, moderate and occasionally on steeper 

slopes. The üsuai slope is less thaii 15$, the total rahge is 

1-25$. 

The main characteristic of series B. is its high gravel 

content. The surface soil may be gravelfree or slightly gra­

velly over some depth, although this is quite variable due to 

erosion processes. The texture of the surface soil is mostly 

sandy clay loam, sometimes sandy loam. The upper subsoil has 

a texture of sandy clay loam or sandy clay, and deeper in the 

profile sandy clay to clay textures are found. 

The gravels in the lower subsoil are predominantly dark 

coated, dense, rounded, hardened plinthite glaebules, sometimes 

mixed with fine to medium sized reddish/yellowish gravel. The 

thickness of the gravelly layer ranges from 60 to 150 cm. The 

content of gravel ranges from ho to 80$ (by volume). Below the 

main gravelly layer gravels are predominantly medium and coarse 

nodular to angular residual hardened plinthite glaebules, which 

have formed in-situ; with increasing depth they become relati­

vely more porous and softer. The gravel content gradually declines 

with depth and is replaced at about 2 m depth by red plinthite 

mottles in a light grey to white matrix, that is often rich in 

quartz fragments and coarse sand particles. The total thickness 

of both colluvial and residual gravelly layer may be up to 3 m. 

Mottles show up in the subsoil, but hardly any soft plinthite.lt 

happens that in this series (B) plinthite might be expected to 

form in-situ, but as described above most of the plinthite- has 

hardened already and should not be called plinthite anymore accor­

ding to the definition. Moreover the cxistance of soft plinthite 

within a mass of gravels is difficult to observe and its meaning • 

http://plinthite.lt


Continuation Series B. (Sinyea) 

of doing so, is not all that clear. 

Saprolite was observed at 1.2 m depth in the Manowa soil, 

indicating the residual part of that type of profiles. This 

adds another variation within series B, which actually needs 

to be separated at phase level. 

The color of the A-horizon is 10YR, value 2 or 3; chroma 

1-3 or 7-5YR k/k-5/6. This horizon is. either an umbric or an ochric 

epipedon. The upper subsoil has the following colors: 10-7.5YR, 

value 3-5 and chroma 3-6. Deeper in the profile the variation 

in color becomes larger: 2.5YR-10YR, value U-6, chroma 6-8; a 

common color is 5YR 5/8. 

The soils have a low soil moisture content during h to 5 

months in the dry season, of which probably 3 months below the 

wilting point (15 atm.). The AWC is very low. The Manoiisoil was descri­

bed as moderately well drained, due to stagnation of lateral 

water, esp. on non-sloping places. The permeability is medium 

or rapid to very rapid. The runoff on soils of series B. is 

very variable, depending on the permeability. 

The erosion hazard is slight on gently sloping summits, but 

serious on moderate and steeper slopes. 

The surface occupied by the Manowa soil in north-eastern 

Sierra Leone: +_ 16$; Makeni-soil in the Makeni-area: 50$. 

Phases 

Nearly level : slope is 2$ or less 

Very gently sloping phase: slope is 2-6$. 

Slightly gravelly : maximum content of coarse ironstone and/or 

quartz fragments within 1.2 m depth is less 

than 60$ (by volume). 

Shallow-gravelly : more than 60$ (by volume) coarse fragments 

within 30 cm depth. 

Thick topsoil : slightly gravelly or gravelfree (less than 

15$ (by volume) coarse fragments) topsoil 

is thicker than 30 cm or more. 

Fine textured : $ clay within 60 cm depth is more than 35$ 

(sandy clay or clay) in any horizon. 



Continuation Series B. (Sinyea) 

Sub-phases 

Moderately sloping 

Steeply sloping 

Non-plinthic 

Reddish 

Moderately deep 

slope is between 13 and 25%. 

slope is more than 25%. 

less than 5% (by volume) of (soft) plinthite 

within 1.5m depth. 

upper part of the B-horizon has a color hue 

of 5YR. 

soil depth is between 1.0 and 1.5 m deep. 

IL (in-situ laterite) predominant part of the gravel is irregular 

shaped, hard, uncoated, reddish and yellowish 

gravel or glaebules. 

5-10% (by volume) weatherable coarse fragments 

within 1.2 m depth (intergrade to series I). 

soil with an A-horizon which is exceptionally 

thick and exceptionally high in organic matter 

content (umbric epipedon concept). 

predominance of basic rocks. 

occurrence of frequent mica flakes within 

1.2m depth. 

more than 60% (by volume) hard laterite (IL) 

gravel within 1.2 m depth. 

dense laterite sheet within 1.2m depth. 

Moderately well drained: groundwater level is within 1.0 m depth 

during some periods during the year; few 

distinct mottles can be found within 1.2 m 

depth. 

Stony 

Humic 

Basic 

Mica 

Petroferric 

Petroplinthic 

Documentation table 

Name or number Country Agro-ecol. Vegetation 
of profile Lib/SL zone age 

Makeni 

Manowa 

SL 

SL 

Profile Analy-
descrip- tical 
tion data 

min. 

XX 

XX 

XX 

XX 

Phase or 
sub-phase 

fine-textured, 
shallow-gravelly 

shallow-gravelly, 
fine-textured, 
moderately well 
drained, very 
gently sloping 



Continuation Series B. (Sinyea) 

Continuation documentation table 

Name or number Country Agro-ecol. Vegetation 
of profile Lib/SL zone age 

Profile Analy-
descrip- tical 
tion data 

Phase or 
sub-phase 

Sinyea 

vM5 

vM19 

vM26 

vM33 

vMl+6 

Gbaokele 

vMHS 

vMl»9 

VM61 

VM62 

VM66 

VM68 

VM69 

vMYJ 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

Lib. 

0 

E 

B 

K 

K 

K 

K 

E 

E 

G 

12 

XX 

max.S X 

XX 

max. X 

G 

II 

8 X 

5 X 

22 X 

8 X 

- X 

min. X 

10 X 

3 X 

X slightly gravelly, 
fine-textured, 
very gently 
sloping 

X shallow-gravelly, 
fine-textured, 
very gently 
sloping 

X thick topsoil, 
slightly gra­
velly, very 
gently sloping 

XX shallow-gravelly, 
fine-textured, 
non-plinthic 

X fine-textured, 
shallow-gravelly, 
very gently 
sloping 

XX fine-textured, 
non-plinthic, 
slightly gra­
velly 

thick topsoil, 
fine-textured, 
very gently 
sloping 

X thick topsoil, 
very gently 
sloping 

X shallow-gravelly 

X typic 

X thick topsoil, 
very gently 
sloping 

X typic 

X slightly gravelly, 
very gently 
sloping 

X very gently 
sloping 

X typic 

X thick topsoil / 



Continuation Series B. (Sinyea) 

Continuation documentation table 

Profile Analv— Name or number Country Agro-ecol. Vegetation . ": Phase or 
of profile Lib/SL zone age descnp- tica.1 s u b_ p h a s e 

tion data  
V911* Lib. A 8 XX XX shallow-gravelly, 

very gently 
sloping 

V927 L i b . A 8 X X s h a l l o w - g r a v e l l y , 
very gently 
sloping 

V939 Lib. A 9 • X X shallow-gravelly, 
non-plinthic, 
very gently 
sloping 

V9311 Lib. . A 9 XX XX slightly gravelly, 
thick topsoil, 
fine-textured , 
very gently 
sloping 

V928 . Lib. A 9 X X shallow-gravelly, 
very gently 
sloping 

V9310 Lib. A 9 X X shallow-gravelly, 
very gently 
sloping 

V9811 Lib. G 10 X X shallow-gravelly, 

V0112 Lib. B 12 X X shallow-gravelly, 
petroferric, 
very gently 
sloping 

V0111 Lib. B 1 XX XX shallow-gravelly, 
nearly level 

V0113 L i b . B 12 X X s l i g h t l y - g r a v e l l y , 
thick topsoil, 
very gently 
sloping 

V9T7 Lib. G k X X slightly-gravelly, 
non-plinthic, 
stony 

U-1 SL H ? X X thick topsoil, 
slightly gravelly, 
fine-textured, 
non-plinthic, 
stony, nearly 
level 



Continuation Series B. (Sinyea) 

Continuation documentation table 

Name or number Country Agro-ecol. Vegetation 
of profile Lib/SL zone age 

Profile Analy-
descrip- tical 
tion data 

Phase or 
sub-phase 

E-29 

E-17 

E-6 

E-21 

Waima 

Giema 

V0186 

SL 

SL 

SL 

SL 

SL 

SL 

Lib. 

H 

H 

H 

H 

E 17 

XX 

XX XX 

slightly gravelly, 
non-plinthic, 
nearly level 

slightly gravelly, 
thick topsoil, 
fine-textured, 
stony, non-
plinthic , nearly 
level 

shallow-gravelly, 
slightly gravelly, 
stony, fine-
textured 

shallow-gravelly, 
slightly gravelly, 
fine-textured, 
non-plinthic, 
stony 

IL, thick top-
soil, steep slope, 
non-plinthic, 
fine-textured, 
stony 

IL, shallow gra­
velly, moderate 
slope, modera­
tely well drained 

IL, non-plinthic, 
very gently 
to nearly level 

Classification according to Soil Taxonomy 

Typic Kandiudult (7x) 

(Humic) Kandiudult (3x) 

Humic Kandiudult (3x) 

Plinthic Kandiudult (2x) 

Humic (Plinthic) Kandiudult (1X) 

Plinthic Humic Kandiudult (1X) 

Typic Kandihumult (3x) 

Plinthic Kandihumult (5x) 

Typic Kanhapludult (3x) 

Plinthic Humic Kanhapludult (1X) 

'i'ypic kanhaplohumult ( 1x) 



Continuation Series B. (Sinyea) 

Description of analytical data 

High available K contents (if exch. K in the surface soil is above 

0.15 me/100 g soil) was found especially in the fine textured phase. The 

normal range in min. Al-ratio is 0.08-0.50 with only one profile 

with a very low value (0.03). Very few profiles have an av.ECEC over 

50 cm depth of above h; below 2 me/100 g soil is more common. Some 

profiles have an ECEC/100 g clay which is below 2.5 me and these 

profiles may apply for the acric phase. Probably the fine textured 

phase of series B. has some phosphate fixation problems. 

Fertility phases 

High available K (exchangeable K in the surface soil is more thah 

0.15 me/100 g soil): Makeni, (Sinyea), 1+8, (1+9), 68, 9311, 927, 939, 9310 

Very allic (min. Al-ratio is less than 0.05 or the Al-saturation 

is above 90$): Manowa. 

Slightly allic (min. Al-ratio is more than 0.20): 19» 33, 1+6, 939, 

9310, 9811, 0113, 0111, 0186 and probably more but uncertain. 

Very low exchange capacity (av. ECEC over the upper 50 cm is less 

than 2 me/100 g soil): 33, and uncertain (1+8), 1+9, 5!+, 61, 62, 

66, 68, 69, 73; 0111, 0186, 939, 9811, 0112, 0113. 

Moderate exchange capacity (av. ECEC over the upper 50 cm is more 

than 1+ me/100 g soil): 5. 

Acric (ECEC of the clay fraction in the B-horizon, but within 1.0 m 

depth is less than 2.5 me/100 g clay): Manowa, Sinyea. 

Land evaluation 

Land qualities. 

Water : AWC is low for the shallow-gravelly phase and for 

all kinds of crops, 

AWC is moderate for all other phases and for 

all kinds of crops. 

Nutrients : four fertility groups are compiled and rated. 

Fertility Management level 
group a b c 

1 Moderate exchange capacity + 

slightly allic + slightly gravelly 

and/or thick topsoil h vh vh 



Continuation Series B. (Sinyea) 

Fertility 
group 

II 

III 

Management level 
a b c 

m 

IV 

Moderate exchange capacity + 

slightly allic + very gravelly 

(typic) 

Moderate exchange capacity + ! 

allic (typic) + slightly gra­

velly and/or thick topsoil | 

Low exchange capacity (typic) + 

slightly allic + slightly gra­

velly and/or thick topsoil ; 

Moderate exchange capacity + allic 

(typic) + very gravelly (typic)... 

Moderate exchange capacity + 

very allic + slightly gravelly 

and/or thick topsoil 

Low exchange capacity (typic) + 

slightly allic + very gravelly 

(typic) | 

Low exchange capacity (typic) + 

allic (typic) + slightly gra­

velly and/or thick topsoil 

Others vl 

m 

vh 

m 

Root development 

Erosion 

: shallow-gravelly: vl - group A 

typic: 1 - group B 

slightly gravelly arid/or thick topsoil: 

m - group C 

: nearly level or very, gently sloping: h -

group e1 

typic (gently sloping): m - group e? 

moderate or steeply sloping: 1 - group e. 

Suitability 

The suitability can be found in a separate appendix lb under the 

appropriate combination of root development group, erosion group 

and fertility group. For the shallow-gravelly phase no crops are 

highly or moderately suited. 



Series B. Phase: shallow-gravelly, very gently sloping 

Source 
Location 

Elevation 
Agro-ecological zone 
Topography 
Physiography 
Parent material 
Vegetation/present land use 
Slope 
Occurrence of erosion 
erosion hazard 
Drainage 
Recent groundwater level 
Estimated highest ground­
water level 
Soil depth 
Classification 

Veldkamp, pit No. ?M. 
Sefula-area, Liberia, traverse No. 1, pit No. k, 
250 m south-east of the creek. 
30 m. 
A. 
gently undulating with micro-relief. 
base of convex slope. 
gneiss. 
secondary regrowth about 6 years old. 
\%. 
slight sheet erosion. 
slight to moderate. 
well drained. 
deeper than 1.5 m (November). 

deeper than 1.5 m. 
deep to moderately deep. 
Plinthic Kandihumult. 

Horizon description 

A n 0- 12 cm 

A 1 2 12- 26 cm 

B 2 1 t 26- 60 cm 

(H)B 2 2 t g 60-137 cm 

: Very dark brown (10YR 2/2); (somewhat) gravelly 
loamy sand; weak fine subangular blocky; friable; 
sticky, non-plastic; common ironstone gravel; few 
fine, many medium and few coarse pores; many, fine 
and medium and few coarse roots; clear, smooth 
boundary. 

: Very dark greyish-brown (10YR 3/2); (very) gravelly 
sandy loam; moderate medium subangular blocky; 
friable, sticky, non-plastic; many angular black 
coated ironstone gravels and many quartz gravels; 
few fine, many medium and few coarse pores; clear, 
wavy boundary. 

: Yellowish-brown (10YR 5/6); very gravelly sandy 
loam; moderate medium subangular blocky; friable, 
sticky, non-plastic; very many black coated angular 
ironstone gravels and many quartz gravels; few fine; 
many medium and few coarse pores; clear, irregular 
boundary. 

: Yellowish-brown (lOYR 5 A ) ; many prominent mottles; 
plinthite; very gravelly sandy clay .loam; strong 
medium subangular blocky; hard, sticky, non-plastic; 
few fine pores. 



Profile: 91U Source:-

Series/phase: B-shallow-gravelly, very gently sloping 

Laboratory: UTA 

Depth (cm): 0-12 12-26 26-60 60-137 

Horizon- symbol: A11 A12 V JO B22tg 

% gravel (>2.0 mm) 

% sand (0.05-2.0 mm) 

% silt (0.002-0.05 mm) 

% clay (<0.002 mm) 

% water dispersable clay 

21 

83 

8 

9 

68 

79 

10 < 

11 

66 

77 

6 

17 

62 

67 

10 

23 

moisture content 0.1 bar (pF 2.0) 

moisture content 0.3 bar (pF 2.5) 

moisture content 15 bar (pF U.2) 

difference pF 2.0 and pF U.2 

difference pF 2.5 and pF U.2 

32.8 

6.1 

26.7 

-

33.7 

10.6 

23.1 

U3.U 

17.5 

25-9 

bulk density (g/cm^) 

% organic C 

% N • 

pH (H20) 

pH(KCl) 

exchangeable cations (me/100 g soil) 

Ca 

Mg 

K 

Na 

exchangeable Al 

exchangeable H 

exchange acidity (Al+H) 

ECEC 

CEC 

base saturation (ace.to CEC) 

base saturation (ace.to ECEC) 

1.U 

1.67 

O.16 

U.6 

U.O 

1.10 

0.21 

0.12 

0.09 

1.65 

0.U9 

2.1U 

3.65 

in 

1.6 

1.52 

0.13 

U.6 

U.O 

0.1U 

0.07 

0.08 

0.09 . 

2.11 

0.39 

2.50 

2.88 

13 

1.6 

0.9U 

0.08 

U.6 

U.1 . 

0.17 

0.03 

0.06 

0.07 

1.31 

0.29 

1.60 

1.93 

17 

1.1 

0.9U 

0.06 

U.8 

U.U 

0.27 

0.05 

Ö1I2 

0.09 

0.36 

0.38 

0.7U 

1.27 

U3 

, 

available P (ppm) 

total P (ppm) 

total K20 (%) 

total Fe20 {%) 

total CaO (%) 

5.U 1.8 0.6 0.9 


