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ABSTRACT

Mangrove soils along the Guinea coast are among the
most fertile and potentially suitable soils for rice
production. Rice production success and feasibility is
hampered by adverse soil chemistry conditions and the use of
traditional farming methods. The objectives were to
undertake a pedological investigation to characterize these
soils during the wet and dry seasons, provide an
understanding of fertility constraints, and develop a
management plan to improve rice production.

Seasonally and permanently flooded soils categories
were recognized. Seasonally flooded soils are subjected to
drainage and permanent protection from saltwater intrusion.
These soils were correlated as Typic Endoaquerts, Typic
Endoaquepts, or Hydragquentic Sulfaquepts. They are
characterized by low ECEC, high Al saturation, imbalanced
nutrients, and S toxicity when flooded. High ESP and
salinity in recently drained soils, and low dry season
moisture are limiting.

Permanently flooded soils still used for traditional
rice cultivation were correlated as Typic Sulfaguents. New
subgroups--"Sodic" (ESP 2.15) for Endoaguerts and
Endoaguepts, and "Psammentic” (sand 2 50%) for Sulfaquents
great groups are proposed. Fertility constraints are:

potential sulfate acidity, high salinity and ESP, nutrient

ix
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imbalance, potential high Al saturation and toxicity, S and
Fe toxicity. Inappropriate water control/management,
cultural practices, and low yielding, non-resistant
traditional rice varieties add to these constraints.

Management recommendations for the seasonally flooded
soils include: establish dike and canal systems to control
floodwaters during the wet season; incorporate rice straw
into the topsoil after harvesting:; correct nutrient
imbalance using nitrogen fertilization; initiate field
experiments for N, P, and K effects on rice yield:; and apply
lime to neutralize Al and increase Ca in the soil.

The suggested management system for permanently flooded
soils includes: drainage and protection from saltwater
intrusion and use the same seasonally flooded soils
fertility management system.

The use of stress-resistant and high yielding rice
cultivars is strongly recommended. Adaptive and applied
research is needed to develop lower-cost and locality-
adaptive technologies to ensure sustainable food production
on these soils to protect the environment and ensure

sustainable agriculture for future generations.
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INTRODUCTION

Food production to feed rapidly growing populations is
the number one national goal of every developing nation.
This means formulating a land use and management plan for
all land. This is especially true for those lands that are
producing or have the potential to produce food. In the
Republic of Guinea, the essential role assigned to
agriculture is: to supply the population with sufficient
food, to supply the factories with raw materials, and to
furnish agricultural products for export. To successfully
fulfill this plan, Guinean agriculture must becone more
efficient, must identify arable lands and use technical and
political insight to bring only those lands with sound
environmental potential into production.

The alluvial soils of the coastal plains of lower
Guinea are probably the most fertile and potentially the
most productive soils in the country. Attention has been
focused by the government on increasing rice production on
these plains. Presently, acidity and salinity are limiting
rice production on these plains because there is no country-
wide land reclamation and management plan.

The majority of these soils have been found to contain
appreciable amounts of unoxidized sulfidic materials,
usually in the form of iron sulfide (pyrite) (Horn et al.,

1967; Horn and Chapman, 1968; Kavalec, 1973). If these
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soils are drained and allowed to oxidize, they may develop
extremely acid conditions.

Conditions, biochemical transformation and processes
that lead to the accumulation and oxidation of pyrite in
these soils have been well documented (Attananda and
Vacharotayan, 1986; Bloomfield and Pons, 1973; Patrick and
Delaune, 1972; Pons and van Breemen, 1982; van Breemen,
1982). The mechanism includes the reduction of ferric iron
(Fe*) to ferrous (Fe*) by facultative anaerobic
microorganisms in anoxic conditions at an Eh between +150
and =100 mV. As the soil becomes more ;educed, sulfate
( s0? ) from the sea is, in turn, reduced to sulfide (S*7)
by absolute anaerobic microorganisms at Eh between -100
and -250 mV. These biochemical transformations are favored
by the availability of abundant organic matter
characterizing these soils. Ferrous iron subsequently
reacts with S* to form pyrite (Patrick and Delaune, 1972;
van Breemen and Pons, 1978).

Drainage or protection from tidal inundation allows
iron sulfide (pyrite) to oxidize and produce the highly acid
conditions that are associated with cat clay soils. 2also,
they usually have high residual salinity that decreases the
production, especially rice. The routine managemant and
agronomic practices for traditional rice production on these
soils consist of: (1) flushing and leaching the acid and

salt with rainwater or with irrigation from rain-fed
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streams, (2) manually incorporating annual weeds and rice
straw into the topsoils using a hoe, and (3) transplanting
the paddy from nurseries. The average yield is about 1 to
1.5 £t ha™. However, under good cropping conditiuns, it is
possible to obtain 2.5 to 3 t ha™. The dependence on
yearly flushing before transplanting results in crop
failures in years of insufficient rainfall. This is one of
the most, if not the most, negative aspects of the
traditional rice production in Guinea. Construction of a
system of dikes and canals to prevent flooding at high tides
and permit removal of excess flood water during the wet
season has been initiated at the rice research station in
Koba. This management plan has been successful in
increasing the rice production and improving the economic
status of this area since the 1950’s. However, this has not
been a country-wide plan.

The success and feasibility of growing rice on these
coastal plains, which extend for more than 400 km north to
south (from Guinea-Bissau/Guinea border to the border with
Sierra Leone), requires baseline data. Subsequently, a plan
to efficiently manage these soils must be developed. The
management system must increase yield through increased
productivity. This new technology must be applied to all
new lands brought into production.

The objectives are: (1) to identify, characterize, and

classify these coastal soils in Soil Taxonomy (Soil Survey
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Staff, 1992), (2) to evaluate their specific fertility
constraints, and (3) to devise efficient methods of
management by which the productivity of soils under use can
be improved, yields increased, and new lands brought intc

successful production.
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CHAPTER I
CLASSIFICATION OF THE MANGROVE

SOILS OF THE REPUBLIC OF GUINEA

Soils are classified according to a comprehensive
system based on the theory that each soil has definite
morphology properties that are related to the processes of
formation. It is an hierarchical system that uses classes
of order, suborder, great group, subgroup, family, and
series. This makes it possible for each soil to be
classified in a system that has worldwide acceptance and
use. The definitive publication for this system is Soil
Taxonomy, produced by the U.S. Department of Agriculture
(1975) and Keys to Soil Taxonomy (1990).

The majority of Guinean mangrove soils have been found
to be potential and/or actual acid sulfate soils (Horn et
al., 1967; Horn and Chapman, 1968:; Kavalec, 1973). 1In
defining and classifying acid sulfate soils, two terms from
Soil Taxonomy--sulfuric horizon and sulfidic material--are
kev differentiation elements. These terms have been
extensively defined by soil scientists involved in the work
in the U.S. and elsewhere (Fanning and Witty, 1992; van
Breemen, 1982; Witty et al., 1986). 1In the recent Keys
(1992) to Soil Taxonomy, they are defined as follows:

1. The sulfuric horizon (L. Sulfur): is 15 cm or

more thick--composed of either mineral or organic
soil material that has a pH £ 3.5 (1:1 by weight

in water) under field conditions, directly

5
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undérlaid by a sulfidic material (Soil Survey
Staff, 1992). [It forms as a result of natural or
more commonly artificial drainage.]

2. Sulfidic materials are mineral or organic

materials containing oxidizable S compounds, with
a pH of more than 3.5, that if incubated as 1 cm
thick layer under moist (field capacity), aerobic
conditions at room temperature, show a drop in pH
of at least 0.5 units to a pH of less than 4.0
(1:1 by weight in water, or in a minimum of water
to permit measurement) within 8 weeks (Soil Survey
Staff, 1992).

Potential acid sulfate soils are flooded soils that
contain sulfidic materials above 1 m depth. Acid sulfate
soils are those with a sulfuric horizon within 50 cm depth
(Soil Survey Staff, 1975).

The chemical dynamics governing the genesis of acid
sulfate soils are very rapid in comparison to the slowly
developing properties that are the criteria in addition to
morphology for Soil Taxonomy. For this reason, they do not
fit smoothly into this.

However, several authors (Fanning and wWitty, 1992; Soil
Survey Staff, 1975; Soil Survey Staff, 1992; van Breemen,
1982) have classified those soils with sulfidic materials in
the Entisols order as Sulfaguents, Sulfic Fluvaguent, and
Sulfihemists. Soils with a sulfiric horizon are classified
in the Inceptisols order as Sulfaquepts, Sulfic Tropaguepts,
and Sulfic.Haplaquepts. The depth to the sulfidic material,

pH, climate, color, and n-value are key characteristics in

differentiating these great groups.
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This chapter deals with taxonomic classification
aspects of Guinean mangrove soils based mainly on the recent
changes included in the Keys to Soil Taxonomy (Soil Survey
Staff, 1992). The objectives are (1) to identify wvarious
soil types that have developed on these coastal plains, (2)
to classify them in Soil Taxonomy, and (3) to provide a

logical understanding about the processes of formation.

Materials and Methods

Field

The field investigation covered the Pogolon estuary
mangrove soils, the Monchon, and Koba coastal mangrove
soils, three of the major rice production areas in lower
Guinea (Fig. 1).

These areas were chosen because they: (1) represent
the range of the coastal plain mangrove soils, (2) there has
been a governmental commitment to reclaim and assist the
local farmers, and (3) there is a research component
associated with each project area. These areas are
representative of the coastal plain’s physiography
heterogeneity, diverse land use, diversity of reclamation
technology, and a range in length of time and intensity of

reclamation.
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The soils on these plains are developed in sediments
transported from the interior upland by freshwater streans,
and subseguently deposited in a littoral or estuary zones.

The local parent material of the plains is reported to
be Ordovician Siliceous sandstone, while granite and other
extrusive ultrabasic igneous rocks are the source of the
deposited sediment from the uplands (Bonfils, 1950:; Horn et
al., 1967).

These soils have evolved under a tropical climatic
conditions characterized by the alternation of a dry season
and a wet season. The climate of the coastal plain consists
of a warm monsoon with heavy rainfall from May to November,
with maximum amounts during July and August. Total
precipitation during the wet season averages about 4,000 mm
(158.5 in.). Practically no rainfall is received during the
dry season (December to May). The temperature fluctuates
between 22°C (December to February) and 25°C (March to
November).

The soils have developed under daily tidal saltwater
intrusion during the dry season and seasonal fresh water
flushing during the wet season. However, salinity levels
vary, depending on the local microtopography. In lower-
lying areas (<3 m above mean sea level), the soils are
saline. During the wet season, freshwater flooding causes
surface flushing and some dilution of saline ground water in

these areas. Scils in higher-lying areas (3 m to 4 m above
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10
mean sea level) are non-saline or weakly saline. 1In these
areas, some leaching of salts from surface layers occurs
during the rainy season.

Rapid development of plant species, such as avicenia
(Avicenia nitidza), paspalum (Paspalum vaginatum), Sesuvium
(Sesuvium portulacoides), and philoxerus (Philoxerus vermiculatus),

characterize the plant communities. Abundant leaf litter
production from rhizophora (Rhizophora nitida) constitutes a
potential for appreciable organic matter accumulation.

A total of 15 profiles comprising: Pogolon, 4 profiles
(P1-4); Monchon, 6 profiles (P5-10); and Koba, 5 profiles
(P11-15) were excavated. 1In the Pogolon region, the
mangrove soils developed on estuary plains that were
initially colonized by Rhizophora racemosz species. Soils have
not been reclaimed except that they are partially protected
from seawater ihtrusion during the growing season. They are
used for traditional rice cultivation.

In the Monchon region, the soils are developed on the
littoral plains initially colonized by Aviceniz nitids and/or
Rhizophora racemosa species. In the Koba region, they
initially evolved littoral-riverain tidal plains where the
primary vegetation was Aviceniz nirida, that was replaced by

Rhizophora racemosa. Soils in these two regions have been

drained and protected from saltwater intrusion at different

periods (from the 1950s to present). They are subjected to
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11
freshwater flooding during the wet season and drying during

the dry season.

Methods

Field

A total of 15 profiles were excavated, described, and
sampled in the dry (D) season (March 1990). Scil samples
were taken at the same locations and from the same horizons
in the wet (W) season (July 1990) as those obtained in the D
season. Each soil sample was sealed in doubled thick
plastic bags.

Field pH measurements were recorded in situ from each
horizon, in both the D and W seasons, using combined glass
and reference electrodes connected to MPM 4000 Matrix
Processor. A portion of each horizon was retained in its
natural moisture state. A subsample from this material was
used to obtain the electrical conductivity data. 2 second
subsample from the same material was retained to be slowly

air dried to allow pyrite oxidation.

Laboratory

Soil samples were air dried, crushed, and passed
through a 2-mm sieve and stored for analysis. Subsamples
for total sulfur content were crushed to pass through a
0.25-mm sieve and sulfur percentages-were obtained by

titration using a LECO HF-10 furnace.
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12

The pH’s in the laboratory were obtained from soil
samples that were slowly air dried. Soil conductivity
measurements were obtained using a conductivity bridge.
Particle size distributﬁon analysis was performed using the
Bouyocos dispersing method. Field moisture content and air
dry moisture content were obtained by oven drying at 105°C.
Exchangeable Al and H were obtained by extraction using
1.0 N KC1, cation exchange capacity (CEC) by saturation with
NH,0A., and run using inductively coupled plasma
spectrometer (ICP) equipped with a Gilson auto sampler.
These methods are from SSI, Report No. 1 (1984). Available
P was determined by Bray II (Soil Science, vol. 59, 1954)
and total nitrogen analysis was performed, using Kjeldahl’s
method and organic C, by Peech et al. (1947) and Walkley and
Black (1934).

The mineraiogical composition was determined using a
computerized diffractometer system coupled with NEWMOD, and
generated standard diffractograms. Due to the excess of

wetness, it was not possible to determine the bulk density.
Results and Discussion

Various land reclamation/management systems have been

in use for rice production in the coastal plains of Guinea.

These include: (1) partial protection of rice fields from

seawater intrusion during rice growing season (wet season),
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13

(2) permanent drainage and protection of soils from seawater
intrusion with neither freshwater irrigation during the dry
season nor liming, and (3) permanent drainage and protection
of soils with both freshwater irrigation and liming. These
management practices contrast the pedogenesis processes
manipulating air and water reactions. These processes
include oxidation and reduction, translocation, and
leaching. The combined effects of these reclamation/
management practices, coupled with seasonal variations
within time, have created contrasting pedochemical
environments from that which exists in the virgin mangrove.
In addition, physiographic and geomorphic characteristics of
a particular setting associated with tidal movement (high
tidal wave energy in deep estuaries, progradation and
retreat along the littoral) appear to profoundly affect the
development of specific mangrove species. Each mangrove
specifically promotes unique chemical properties to the
solils they colonize.

Selected mineralogical, physical, and chemical analysis
data of the investigated socils are provided in Tables 1-6.
Site and profile descriptions are also provided (Appendix).
Based on these data, soils were grouped in the 10 following
series: the Kindiadi (Pl1); Dentema (P2, 5 and 14); Pogolon
(P3):; Doniah (P4); Mintany (P6 and 7): Madina (P8):; Gamblan
(P 9, 10, and 13); Koba (P1l1l); Kitikata (P12); and Taborea

(15). The data presented in Fig. 2 show the contrasting

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1. Selected physical characteristics of the mangrove
soils (Pogolon region).

(cB)  ~—cccccae--a D PP

Pl Kindiadi serie.

Ag 0 -7 1.8 52.1 46.1 1.0 si.c.
Cgl 7 - 23 7.0 53.4 39.6 2.1 si.c.1l.
Cg2 23 - 44 4.5 53.8 41.7 2.3 si.c.
Cg3 44 - 60 2.7 53.8 43.5 2.2 si.c.
C“ 60 - 100 209 5603 4008 - ’i.c.
cgs 100 - 150 2.7 55.4 41.9 - si.c.

P2 Dentema series

Ap 0 -7 4.0 56.2 359.8 1.3 si.c.l.
ng 7 - 18 1-4 5602 42-4 106 si.c.
Cgl 18 - 50 1.1 56.4 42.5 2.0 gi.c.
Cg2 50 - 75 2.6 55.7 41.7 2.2 si.c.
Cg3 75 - 100 4.0 56.1 39.9 - si.c.l.
Cgé 100 - 150 2.1 56.1 41.8 - si.c.

p3 Pogolon series

Ap 0 - 13 62.2 21.9 15.9 0.7 s.1.

Eg 13 - 32 87.5 7.2 5.3 1.0 l.s.
Btgl 32 - 58 78.9 12.3 7.8 0.1 l.s.
Btg2 58 - 100 81.3 10.4 8.3 0.1 l.s.

Cg 100 - 150 85.7 S.6 4.7 0.2 l.s.

P4 Donia series
AzZp 0-9 12.1 57.2 30.7 0.8 si.c.l.
Big s - 28 2.6 55.2 42.2 1.05 si.c.l.
Cgl 28 - 46 6.4 51.6 42.0 1.4 si.c.l.
Cg2 46 - 60 31.6 35.2 33.2 2.0 c.l.
2Cg3 60 - 100 95.3 2.7 2.0 0.8 s,
2Cg4 100 - 150 78.5 12.0 8.5 0.1 l.s.
Legend: si.c.l. = silty clay loam si.c. = silty clay
s.1. = sandy-loan l.s. = loany sand
c.l. = clay loan s. = sand
P = profile
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Table 2. Selected chemical characteristics cof the mangrove
soils (Pogolong region).

Horizoa Depth Dey season Vet season BSP
(ca)
Salfsr BC Pie. PE Ox. B8  Sulfur BC Fie. P8 Oz. PE
(3} (§/a) (3) {S/a)
Pl Kindiadi series
i 6-1 0.5 2.0 §.0 3.5 0.? 1.0 5.8 5.2 12.8
Cel 1T-4 3.7 1.1 5.% 3.0 3.0 1.3 .3 3.5 8.3
g2 B-u 3.8 1.5 5.9 2.1 9 2.1 5.9 3.4 4.1
cg3 44 - 60 4. 1.5 5.9 2.7 3.8 2.1 5.9 3.3 5.9
Ced §0 - 100 2.1 1.1 5.9 3.2 {.1 1.3 5.9 3.4 §.0
CgS  I00 - 150 4.4 1.5 5.8 3.1 $.1 1.% 5.0 3.4 12.1
}2 Dentema series
Ap 0-1 0.8 1.6 4.6 2.9 0.1 1. 5.0 4.4 12.4
Rei 7-18 0.8 i.3 5.1 3.3 0.8 1.8 5.0 §.0 16.0
Cgl 18 - 50 1.9 1.8 5.7 3.2 3.0 2.0 5.5 3.5 12.3
g2 5015 3.0 1.8 5.1 2.9 1.8 2.2 5.6 3.3 7.5
Cg3 15 - 100 5.0 1.9 §.3 3.2 3.3 1.7 5.1 3.5 5.8
€34 100 - 150 3.4 1.9 6.4 3.2 3.3 2.5 5.9 3.5 8.5
73 Pogolon series
A 013 5.3 0.8 4.2 3.3 0.3 0.5 5.9 5.5 18.1
2 13 - 32 0.2 0.3 §.3 3.0 0.5 0.8 5.0 3.2 1.3
Beg! 32-58 0.4 0.2 5.5 .1 0.1 0.3 5. 3.1 1.7
Btg? 53 - 100 0.3 0.1 5.7 3.2 0.4 0.3 §.2 3.5 1.0
Cz 100 - 150 2.2 0.1 5.9 3.1 0.4 0.5 §.3 1.6 1.1
p¢ Donia series
2D 0-9 0.1 .2 4.5 4.3 8.1 0.4 5.6 5.1 §.5
Big §-28 0.1 1.8 4.9 4.5 0.2 0.9 5.3 5.0 21.0
Cel 28 - 48 3.2 2.1 4.8 4.5 0.4 1.5 5.1 4.5 .4
Cg2 46 - §0 1.6 1.8 3.5 2.8 1.3 1.2 4.1 3.4 11.2
203 60 - 100 8.7 0.7 3.8 2.8 1.1 1.7 {.8 3.3 1.3
20¢4 100 - 150 0.2 0.4 313 2.9 g.1 0.7 {1 3.1 2.0

Legead: P = profile
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Table 3. Selected physical characteristics of the mangrove

(Monchon region).

Clay n value Tex.class

Sile
2 §

Horizon Depth

(cm)
.l‘II‘II'8"'8'..-‘I.ll‘l'llll'."lIS'S..'l'..'.'l.‘l"‘.lll‘.l

Sand

Ps Dentema series

Ag 0~ 13 0.8 $6.1 43.1 1.8 si.c.
Cgl 13 - X4 0.9 $2.2 46.9% 2.0 si.c.
Cg2 34 - €S 0.4 53.1 46.5 - 2.2 si.c.
Cgd 65 - 100 0.4 57.0 42.6 2.4 si.c.
Cg4 200 - 150 0.8 50.7 48.5 2.2 si.c.

P¢ Mintani series
Ap 0~ 23 1.1 51.1 4%7. 0.1 si.c.
Basq 23 - 40 3.0 $0.4 48.6 0.4 sf.c.
*Cgl 40 - €7 3.5 1.4 45.1 0.7 si.c. -
Cg2 ¢7 - 100 6.8 44.9 46.9 0.7 si.c.
2Cg3 100 - 150 10.3 46¢.9 42.9 1.1 sl.c.
r
Ap 0 - 14 1.2 87.8 41.3 0.3 si.c.
Assp 14 -~ 32 1.3 $2.8 46.2 0.4 si.c.
Bss 32 - 88 0.8 $2.7 46¢.5 0.6 si.c.
} 344 85 - 110 0.4 80.8 49.1 0.7 si.c.
Cyg 110 - 150 0.4 53.8 45.17 0.9 si.c.
ps Madina series
Ap 0 - 10 17.8 34.9 47.¢ 0.2 c.
g 10 - 28 40.9 37.0 22.1 0.4 1.
2358 25 - SO $1.1 28.0 19.9 0.4 1.
3Bog 80 -~ 65 44.6 28.8 3¢.9 0.8 c.l.
23y¢ ¢S - 90 48.2 33.2 20.¢ 1.1 .
2Cyg 90 ~ 150 85.7 27.1 17.2 1.3 s.1l.
ps Gamblan serles
Ap o -16 8.8 $1.9 39.3 0.1 si.c.l.
) ¥ 16 - 32 4.2 €0.5 35.3 0.1 si.c.l.
Basg 32 - 84 2.0 $s.8 3%.4 0.2 si.c.l.
reyg ¢ ~ 97 2.1 4.8 43.4 0.8 si.c.
Cg! 77 - 105 e.§ $6.7 42.8 1.1 si.c.
Cg2 105 « 150 $.7 8¢.7 41.9 1.0 si.c.
2Cg3 150« 38.5 33.7 37.8 1.1 c.l.
P10 Gamblan series
apl 0 - 18 .8 83.2 38.0 0.2 si.c.l.
Ap2 16 - 28 3.0 $3.2 43.8 0.4 si.c.
Basg 28 - 4S5 2.7 $4.3 43.0 0.4 si.c.
Ssayg 48 - 70 1.8 5.8 42.9 0.6 si.c.
Cye 70 - 8% 1.4 3.0 45.6 o.8 si.c.
Cgl 89 - 107 3.0 54.1 42.9 1.0 si.c.
cg2 107 - 129 230.2 37.8 32.3 1.1 c.l.
cgld 139 - 180 11.8 $0.6 37.8 0.8 si.c.l.

si.c. = silty clay

Legend: si.c.l. s sllty clay loan
s.1. = sandy loa= 1. = loaa
c.l. s clay loan c. s clay

P = profile
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Table 4. Selected chemical characteristics of the mangrove
soils (Monchon region).

Torizoz Bepth bzy season Tel season <34

{cs}

Salfar 2 Fie. MT 0. 21 Ssllar B Me. Pt 0. M1
{z) (S/s) (s} {s/2}

ps Dentema series

ig -1 8.1 .5 £ 5.8 6.5 1.3 i.f 5.8 2.8
43 1B-u 1.4 ! 5.8 44 8.3 2.8 [ 4 5.7 3.2,
Ce2 U -8 5.1 3.0 8.2 3.9 0.5 3! 6.2 5.4 .2 -
Ce3 §5 - 100 0.3 3.1 .7 £S5 0.5 2.! .1 1.2 11.§
Cgé 100 - 130 0.8 3.2 1.3 1.0 .6 2.5 1.2 1.3 2.8

» Mintani series

1) 1-8 8.1 1.1 5.0 5.0 0.1 1.8 5.9 5.2 1.7
Jasg B4 0.1 1.0 5.2 4.3 8.1 1.0 $.4 5.7 31.9
49 -8 8.1 1.1 §.4 5.4 8.1 1.1 6.4 §.4 .0
er2 5 - 100 0.1 1.0 (1 1.1 0.1 1.1 6.6 £.3 15.6
WXe3 100 - 188 8.1 1.2 1.8 1.2 8.1 (R .8 $.4 .5
! Mintani series
ip e-u 8.1 8.1 &4 [ 8.1 8.1 §.0 5.2 2.
issp - 0.1 8.1 55 5.1 8.1 0.1 5.4 5.1 3.4
I3 -5 8.1 0.4 5.2 [H] 0.1 0.1 6.4 5.9 12.2
374 §5 « 113 0.1 0.5 3.5 .5 8.1 0.2 $.d §.3 15.1
Cyg l10- IS8 0.2 8.6 .6 [ 6.1 0.5 .5 §.5 8.3
7 Madina series
IH] 0-10 8.1 [ K] 4.0 $.3 8.1 8.1 5.7 5.3 1.3
14 10 - 28 0.1 0.3 4.5 4.2 .1 0.2 5.9 .4 LR}
it 25 -5 [ S S | 5.3 4! 9.1 0.2 §.? 5.1 16.4
280¢ 50 -85 8.1 8.3 53 5.0 8.1 8.1 5.2 5.1 6.3
1374 (1 1] 0.1 0.4 .0 §.2 0.1 0.2 1.2 6.1 8.7
b1 94 30 - 180 0.1 0.5 §.5 .2 8.0 8.2 .3 5.2 1.3
) pt Gamblan series
- » -1 8.1 9.1 4.3 4.4 0.1 8.1 (X .3 1.0
14 15-3 0.1 8.1 §.1 4.8 6.1 0.1 5.3 5.2 2.l
Jusg -8 0.1 0.1 5.5 5.9 8.1 0.1 .4 5.0 3.5
Basyg 50-1 0.1 .2 ..? 5.1 1.1 0.2 (] 6.5 1.1
Cg! 17 - 10§ 0.1 0.3 (K] §.5 .1 0.6 1.1 6.8 0.9
Cgr 108 - IR0 6.1 0.3 5.4 §.5 0.1 9.8 1.1 1.0 2.9
p19 Gamblan series
il -1 8.1 0.1 4.3 4.3 0.1 0.1 5.2 5.4 6.?
ap? 1%-2 8.1 8.1 5.2 4.7 e.1 0.1 5.3 .s 0.7
111 i S 1 0.1 8.1 5.6 §.0 6.1 6.} 5.3 5.7 1.1
1131 -0 6.1 0.1 6.3 [®] 0.1 e.1 5.9 .0 2.2
(371 70 - 8% 1.1 6.3 §.8 [ K] .1 8.1 £.3 £.3 4.5
€94 $y - 10 0.1 0.2 6.9 5.? 0.1 e.! 6.3 5.3 9.3
g2 181 -1 .1 ..! 5. 5.8 f.1 0.1 .6 6.? 1.8
g3 123 - 160 8.1 (18 $.9 5.9 8.1 8.1 6.? 1.0 11.5

Legead: P z profile
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Selected physical characteristics of the mangrove
soils (Koba region).

ceseowesws cosscccccas

Horizon Depth Sand Silt Clay
{cn) - ¢
.88'888'8.‘.!38'3“8'8888!3.88338.88881888388.8888888!:88888‘88

Table 5.

8 value Tex.class

P11 Koba series

Ag 0~ 20 s81.2 28.0 20.8 1.5 si.c.l.

" 2° - Qs ‘.-8. 35.3 26.1 1.9 si.c.1.
Cs2 45 - 70 80.2 25.9 14.0 2.3 s.l.
Cg2 70 - 109 83.8% 24.6 22.0 1.8 si.c.l.
Cg3 109 - 150 50.4 28.0 23.6 2.8 si.c.l.

’ P12 Kitikata series

Ap 0 - 10 s.8 $2.0 42.1 0.8 si.c.
'J'l 10- '34 3.7 52.. 43.8 1.4 si.c.
'le 34 - “ 120‘ ‘1.1 ‘o.‘ 10‘ ‘in@o
c‘1 . 46 - 71 1.2 55.‘ 43.4 1.9 si.c.
Cg2 71 - 102 2.8 54.0 43.2 1.9 si.c.
C‘3 102 - 132 203 33-3 ‘10‘ 3.0 .£-°t
Cg¢ 132 - 150 4.9 54.9 40.8 2.0 si.c.

P13 Gamblan series

AP ° - 10 1!0, 53-' 3‘.1 003 .‘OCDI-

B.‘ 10 - 2% 0.8 84.1 45.1 0.2 si.c.
'."1 31 - 38 0.1 s,o' 42.0 0.3 si.c.
Bssg2 3 - 70 0.1 87.7 42.2 0.8 si.c.
'."’ 70 - " 0.4 37.4 ‘2.2 °.1 si.c.
Bssgd 94 - 121 0.4 §7.0 42.6 0.7 si.c.
Basgd 121 - 150 0.8 §7.2 42.3 0.8 si.c.

P14 pentema series

‘.P 0 - 17 1.8 N ] 8 0.1 si.c.

gl 17- 33 0.5 §9.8 30.7 1.0 si.c.l.

Bg2 33 - 62 0.¢ 0.1 39.3 1.8 3i.c.l.

Bsg 62 - 100 0.9 €0.8 38.5 2.1 si.c.l.

Cgl 100 - 126 0.8 2.1 37.3 2.0 si.c.l.

Clz 126 - 150 0.8 2.7 3¢6.8 2.3 si.c.l.

P15 Taborea series

&P 0 - 33 3.3 54.. ‘300 °t’ si.c.

) 74 28 - 42 0.8 gs.8 41.0 0.4 si.c.
’o‘ 42 - 80 2.7 $6.4 40.9 0.7 si.c.
Bgl 30 - 113 1.9 $7.8 40.8 0.9 sd.c.

) 7'¢ ] 113 - 168 11.2 47.4 41.4 1.2 si.c.

si.c.l. = gilty clay loam si.c. ®= siity clay

Legend:
s.1l. = sandy loaa P s profile .
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Selected chemical characteristics of the mangrove
soils (Koba region).

Table 6.

Torison :epjh Iry seascs Vet s2ason | 415
cs
Sulfur B Pie. P 0. PR Sulfar 3C Pie.?s 0. ME
(3] (S/s) (3 (S/s}
pli Koba series
it 0.2 0.1 1.2 . 5.9 0.1 0.1 6.2 6.0 3.6
i 20 - 45 0.! 1.2 . 8.0 0.1 0.4 .3 5.3 3.5
el 51 0.1 1.2 4.5 0.1 0.9 .t 6.8 8.1 -
g2 10 - 108 0.1 1.3 6.5 1.0 .8 6.7 .0 3.1
Cr3 108 - 150 b | 1.4 .t 1.6 2.3 R $.4 18.5
Pl Ritikata series
ip 0-10 0.1 0.9 1.5 3.5 0.3 0.5 {4 3.8 5.4
3jgl 10- <2 0.4 0.9 3.3 3.2 0.5 1.8 3.3 3.2 44
¥ig2 - 4§ 3.8 1.8 2.1 .0 1.5 3.5 P | 2.3 1.6
el -1 §.1 2.0 2.8 2.8 4.2 2.8 1.2 3.0 2.2
cs2 M- 102 4.0 2.2 5.8 3.4 2.2 2.3 t.0 3.3 5.9
Ce3 102 - 132 2.9 2. 5.0 'R 3.0 3.4 N 3.8 9.0
Cg¢ 132 - 150 1.6 2.8 6§ 6.1 3.1 3.3 5.8 {8 11.2
p13 Gamblan series
Ay 0-10 0.1 0.1 4.5 4.6 0.1 0.1 5.4 5.2 5.6
|1 ¢ 19 -2 0.1 0.1 $.5 §.3 0.1 0.1 5.0 4.9 1.1
Bssg! - 38 0.1 0.1 5.2 £l 0.1 0.1 5.8 L 9% 2.1
35872 ¥-Nn 8.1 9.1 6.5 5.9 0.1 0.1 6.1 §.0 2.5
Issg? MW 0.1 0.] .8 §.4 0.1 0.1 §.3 §.2 1.5
Baagd - 12 0.1 0.1 (1 6.¢ 0.1 0.1 §.2 §.! 1.8
Basgs 12 - 150 0.1 0.1 §.5 .4 8.1 0.1 6.2 §.] 1.6
fl{ Dentema series
Asp b -1 0.1 0.2 {4 {3 0.1 0.1 5.4 5.0 10.8
| 141 1.3 6.1 0.4 §.0 4.9 0.1 (.2 4.5 4.3 13.4
LT} -6 0.1 0.3 b | 33 0.2 0.5 .1 4.0 i.e
Mg 62 - 100 0.4 1.5 4.9 3. 0.3 1.0 W] 3.8 22.3
Cel 100 - 126 1.0 1.3 §.2 §.1 1.7 1.5 5.4 3.1 11.2
e 128 - 150 1.3 .1 1.0 $.7 1.6 1.3 5.9 5.5 2.8
Pl Taborea series
Ap 025 0.1 0.1 4.3 §.3 0.1 0.1 (R {3 1.5
{ % -4 0.1 6.1 4.3 4. 0.0 0.1 4“4 4.3 9.3
Bog Q-8 ¢.1 0.2 4.1 §.0 0.1 0.2 §.3 6.2 11.1
il 30 - 113 1 5.3 4.3 §.2 0.1 0.3 5 4.3 187
2 113 -188 0.1 0.5 5.8 [ 0.1 0.4 5.1 5.1 2%.1

..................................................................................................
......................................

...........................

Legead: P = profile
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s EC PE n-
9/kg S/m Plela a.0. value

a) Kindiaai silty clay

Depth Horizon Color
[+
5 / / / Ag N/4; 2.5Y 4/2 0.6 2.0 6.0 3.5 1.0 17.6
/ / / Cg; SBG 472 3.7 1.7 5.9 3.0 2.2 8.3
23
/ / / Cg, SBG 4/2 3.8 1.5 5.9 2.7 2.3 4.7
44
60 / / J Cgy 5BG 4/1 4.7 1.6 5.9 2.7 2.2 S.9
/ / / Cg, 5BC 471 2.2 1.7 5.9 3.2 - 6.0
100
/ / / Cgs SBG 471 4.3 1.5 4.8 3.1 - 12.7
150

S EC 2 n- ESP
Q/Xg S/m Fle. a.0. value
b) Dentema silty clay
) ° o Ap N4: SY 6/8 0.6 1.6 4.6 2.9 1.3 12.4
/ / / Blg SBG 4/2; SY 7/6 0.8 1.3 5.1 3.3 1.6 16.0
18
/ / / Cg; 5BC 4/1 1.9 1.9 5.7 3.2 2.0 9.5
50
/ / / Cg, SBG 4/1 3.0 2.7 6.2 2.9 2.2 7.7
75
/ / / Cq: SBG 4/1 5.0 1.9 6.3 3.2 - 9.8
100
/ / / Cgy SBG 4/1 3.4 1.9 6.4 3.2 - 7.8
150
S BEC n- ESP
g/kg S/m Fie a.o. value
c) Pogolon loamy sand
(<]
° ° o Ap N3:; 2.5YR 3/6 0.3 0.6 4.2 3.3 0.7 18.0
13
° o ° Eg 10¥YR 6/3; 10¥YR 3/2 .0 i.0 2.3
32
o o © Btg; 5Y 5/1 O.4 0.2 5.5 3.1 -0.2 1.7
58
o o -] Btg,; 5Y S5/1 0.3 0.2 5.7 3.2 0.2 1.1
100
o o o Cg SY 6/1 0.2 0.1 5.9 3.2 -0.2 1.2
150
S EC 2:4 n- ESP
9/kg S/m Fle a.o. value
d) Doniah silty clay loanm
| v v | Azp 7.SYR 3/2: LOYR 3/2 0.1 4.3 4.6 4.2 6.1
| v v | Big N&: 2.SYR 6/6 0.2 1.6 4.9 4.5 X 27.0
28
/N /s V7 <gy 10YR 5/23 7.5YR 4/6 0.2 2.1 4.6 4.5 34,2
46
/ / / Cg, N4 1.6 1.8 3.6 2.6 2.0 11.2
60
/ / / 2Cg; 10YR 6/1 1.7 0.7 3.8 2.6 0.8 1.4
100
o o o 2Cg, 10YR 6/1 0.2 0.4 3.3 2.9 0.1 2.0
150

#«Exchangeable sodium percentage.

Figure 2. Morphology and some physico-chemical properties
of soils along the Guinea coast.
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@) Mintany silty clay

Depth Horizon
[+
-V -V .. Azp
23
| v] V] Besg
44
~-Vve=-v- cg,
67
- - - cg
100 2
/ / / 2
150 92

£) Madina loanm

(<]
x x x Ap
10
[ ! Bg
25
[ 1 ] 2Bjg
50
- - - 2Bog
€S
- - - 2Byg
90
/ / / 2Cyq
150

Color

N/3; 7.5YR 4/4
2.5Y 5/2; 2.5¢Y 6/6
N/S: 2.5 6/6

A0YR . ‘17 2.5YR 2.5/4

N/a; 2.5Y 6/4

N/4: SYR 4/6
N/4: 7.S5YR 4/4
N/S: 2.5YR 3/4
SY 6/1; 10YR 4/6

5GY S5/1: 1OYR 4/6

SBG 4/1; 10YR 4/4

g) Gamblan s£ilty clay loam

(]

| v Vi Ap N 3: 7.5YR 4/6
P

a v V| Bg N 2/1: 7.5R 4/8
32

¥ oa - Besg 2.5Y 5/2: 10YR 6/6

54

- - a Besyg 2.5Y 6/2: 10YR 4/6
77

- - - Cg, 2.5Y 6/27 10¥R 4/6
105

/ / / Cg; SY S5.1: 10YR 5/4
150

h) Koba silty clay loax

o
/ / / Ag
20
/7 / Bg
45
/ / / cg,;
70
/ / / cg;
109
/7 / -1
150

5Y 4/2; 7.SYR 3/4
SBG S5/1: SYR 3/4
5B 4/1; 2.5YR 3/6

SB 4/1; 5GY S5/1

SB 4/2: N3

Figure 2 (cont’d.)
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- EC n- ESP
g/kg S/=m Fle. a.0. value
- S. o. 33.7
O. . - -4 31.0
-2 . . .4 - 28.0
0.1 2.0 6.6 7.2 0.7 15.6
0.1 1.2 7.0 7.2 1.2 6.5
S EC n- EsSp
g/kg S/m Ple. a.o. value
> 4. 4.3 0. 7.3
- £.2 -4 9.9
<3 16.4
-2 - . 6.0 -8 6.8
0.1 0.4 6.0 6.2 1.1 9.7
0.1 0.4 6.5 6.2 2.3 7.3
S EC n- ESP
g/kg S/m Fie a8.0. value
O. -1 4. -4 -0.1
4.9 -0.1 -
o. o. 5.9 0.2 3.
0.1 - . 6.1 0.5 1.
0.1 0.3 6.9 6.5 1.2 0.9
0.2 0.4 6.9 6.6 1.0 2.9
S EC n- ESP
g/kg S/m Fle a.o. value
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i) Kitikata silty clay
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/ / / Cg, SBG 4/1
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/ / / Cgy 5B 4/1
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3) Taborea silty clay
o
| | | Ap N2
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| | | Eg 5Y 6/1; 10YR 5/6
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] | ! Bog 7.SR 3/8: 1OYR 5/8
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i { | Bg; 5Y 4/1; 7.SYR 4/4
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- - -
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Legend: / unripe,
cracks,

Figure 2 (cont’d.)
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s EC 3:4 n- ESP
g/kg S/=m Fle. a.o0. value

-2 3.6 3. o. 5.4
3. -

. 2. . . 1. .
4.0 2.2 5.6 3.4 1.9 5.9
2.9 2.6 6.0 4.8 2.0 9.0
1.7 2.6 6.6 6.1 2.0 1.2
S EC ):S n- ESP
g/kg S/m Fle. a.o. value

. 4.3 4.3 0.3 7.

- - 4.3 4.3 . -
0.1 C_.2 4.1 4.0 0.7 11.2
0.1 0.3 4.3 4.2 0.9 16.7
0.1 0.6 5.6 4.6 1.2 26.1

structureless, | subangular blocky, V
- massive, = blocky rock structure, x granular, +
partially ripe, © coarse prismatic, a slickensides
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morphology and chemical characteristics that were used to
classify the soils.

1. The Kindiadi soil is composed of clayey materials
with a gleyed material :’ithin 7 cm of the surface
that extends fhroughout the profile. The gley
horizon underlies an ochric epipedon and is
composed of a dark gray (N4) to dark greenish gray
(5BG 4/1) sulfur rich (1.5 g/kg) clay materials.
It has a field pH of 5.9 and exhibits very little
alteration. A sample from this material showed a
pH-(measured in 1:1 by weight in water) drop to
3.5 or less after they were slowly air-dried. The
soil is saline (average EC 1.25 Sm™?}, unripe (n-
values21.0) sticky and non-sodic (ESP<i2
throughout the profile). This soil classifies as
Typic Sulfaguents. Soil Taxonomy recognizes Typic
Sulfaguents with sulfidic materials within 50 cm
of the mineral soil surface with neither histic
epipedon nor overlying sulfuric horizon (Soil
Survey Staff, 1992).

2. The Dentema soil is a weakly developed soil that
has (but not always) a Bg horizon lying between an
ochric epipedon and a Cg horizon. Bg or Cg
horizon is composed of a dark greenish gray (5BG
4/2), unripe (n21.3), sulfur rich (up to 5 g/kg)

clay with many prominent yellow jarosite mottles
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(5Y 7/6) and olive yellow (5Y 6/8) mottles. Field
pH varies from 4.6 to 7.3 throughout the profile.
It drops to 3.9 or less upon oxidation. This soil
is saline (EC 1.65 Sm™?) and sodi~ (ESP>35 in at
least one horizon within the control soction).
This series classifies as Typic Sulfaquents (Soil
Survey Staff, 1992). We suggest this soil be
classified as Sodic Sulfaguents.

3. The Pogolon soil is distinguished by the presence
of an Eg horizon underlying an ochric epipedon.
This horizon is dominated by a pale brown (10YR
6/3), water saturated (n20.7 in the upper horizon)
loamy coarse sand. The underlying Btg horizon has
a relatively finer texture (sandy clay loam) with
a gray color (5Y 5/1) and is moderately compacted.
This soil has relatively low S content (<£0.4
g/kg). The field pH varies between 4.2 to 5.9
throughout the profile, which drops to 3.3 or less
upon oxidation. It is slightly saline (average EC
0.35 Sm™?) and non-sodic (ESP<1.7 within the
control section). The sand content averages 80
g/kg and extends from the surface throughout the
profile. This soil classifies as Typic
Sulfaguents (Soil Survey Staff, 1992). We propose

this soil be classified as Psammentic Sulfagquents.
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4. The Doniah soil is characterized by a lithlogical
discontinuity as noted by the contrasting texture.
The soil is cracked at the surface and the cracks
extend to the underlaying Bjg horizon. This soil
does not exhibit slickensides. The material along
the cracks are oxidized brown (7.5YR 4/4) and
olive yellow (2.5YR 6/6) Jjarosite mottles, and
dark red (2.5YR 3/6) matrix mottles. This soil is
characterized by similar chemical properties as
the Pogolon soil, but has a higher ESP (35 g/Kkg).
This soil is classified as Typic Sulfaquents (Soil
Survey Staff, 1992). As for the Dentema soil, we
suggest this soil be classified as Sodic
Sulfaquents.

5. The Mintany soil has a Bssg horizon, with high
clay content (241 g/kg) lying between an ochric
epipedon and a gley horizon at a depth between 23~
40 cm. This horizon is distinguished by the

.presence of common weak pressure faces and
slickensides, grayish brown (2.5Y 5/2) clay with
olive yellow (2.5Y 6/6), and prominent reddish
brown (5YR 4/4) mottles. The soil is cracked and
the cracks extend to 67 cm from the soil surface.
They are 2-10 cm wide at the surface and less than
5 mm at 50 cm depth. Iron stains along root

channels extend to 1 m depth. This soil has very
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low sulfur content (£0.08 g/kg), and n values
varying from 0.01 to 0.7 from the surface to 100
cm depth. It is sodic (ESP = 33% in the Bssg
horizon). Field pH in this soil ranges between
4.4 and 7.2 throughout the profile. No
significant decrease in pH values (<0.4 unit) was
observed upon oxidation. The soil is saline (EC
1.25 Sm™). This soil can be classified as Typic
Endoagquerts (Soil Survey Staff, 1992). We suggest
this soil be classified as Sodic Endoaquerts.

6. The Madina soil is contrast to Mintany soil is
friable, does not crack, is not saline (EC<0.1
Sm™), and has higher sand fraction (45%). This
soil can be correlated with non-acid Typic
Endoaquepts. We propose to classify it as non-
acid Sodic Endoaguepts.

7. The Gamblan soil is characterized by modest
salinity (EC 0.1-0.25 Sm™) and an ESP on average
<10 in the control section. This soil is
classified as Typic Endoaguerts (Séil Survey
Staff, 1992).

8. The Koba soil shares similar morphological and
chemical properties as well as n-values with the
Kindiadi soil. The only difference is the absence
of a sulfidic material in the Koba soil. The Koba

soil can be classified as non-acid Typic
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Hydraguents. Agquents with n-value>0.7 that lack
sulfidic material within 50 cm from the surface
are recognized by Soil Taxonomy as Typic
Hydraquents (Fanning and Witty, 1992).
9. The Kitikata soil is distinguished by the presence
of a Bijg horizon underlying an ochric epipedon.
It is characterized by the presence of a very dark
unripe gray (N3) clay with many coarse and medium
prominent olive yellow (2.5Y 6/6) jarosite mottles
in the matrix and along cracks. The soil material
adjacent to the cracks extending 3 to 5 mm into
the matrix is strong brown (7.5YR 5/6). This soil
is ultra acid. Field pH ranges between 3.6 to 2.1
from the surface to 71 cm depth and from 5.6 to
6.6 between 71 and 150 cm. Upon oxidation, these
values decreased to 3.5 or less throughout the
profile except in the two last horizons between
102-150 cm. This soil is very saline (EC
2.05 Sm™). It can be classified as Typic
Hydraquentic Sulfagquept (Soil Survéy Staff, 1992).
10. The Taborea soil is distinguished by a relatively
high alteration level (predominance of yellow-
reddish brown color) in all the subhorizons.
Alteration is especially more conspicuous in the
Bog horizon underlying an Eg horizon. This

horizon is gray (5Y 6/1) and dark red (7.5R 3/8),
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sands, silts and clays, moderately ripe (n > 0.7) common
dark yellowish brown (10 YR 3/4) Kkrotovinias, common medium
prominent olive yellow (2.5 Y 6/6) mottles associated with
the krotovinias, common medium olive brown (2.5 Y 4/4)
stains, medium acid (ph = 5.7 reduced and 5.5 oxidized).

* = prosed terminology for the “subgroup.®
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