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CHARACTERISTICS AND CROP PRODUCTION POTENTIALS OF WETLAND
SOILS FROM SOUTH EASTERN NIGERIA.
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ABST I{/\("l

Wetland saoils formed uu'unu’ depressions and alluvial flood plains in Southeastern
Nigeria were studied for their morphological, physical aned chemical clharacteristios in
order 1o determine iheir potenticls Jor crop production. A total of seven podony weire
studicd. A e of TOYR was commonly observed aid the soils have a fow cliron i the
wmerix, The studicd were profiles were mostly Jine-textured, haviag a sandy clay loam of
clay topsoil overlving a clay subsaoil. Moderately rapid 1o very rapic values of satirated
hydraulic conductivity were obtained in infanc depressions and alluvial plains. Average
values within the rupsuf/ wid subsoil of the inland depressions were 5.32m day; (cv 1055
aned 3.99m cday (c v Y20), respectively.  Infiltration rates at | minute and 2 howrs were
moderately slow 1o very rapid, while ('u.ruulmiw ifiltration at 2 hours was high. The -
average values were 16.0nm (cv =~ 3696), 2. 3nun (cv--38%4), amd SOGmm (cv - 38%). for
indand depressions and 10.7mm (ev=25%%), 5.8mm (cv=-38%6) and 851mm (cv 294 ) Jor
the alluvial plams, respectively.

The soil reaction was sirongly to mildly acid (pll. - 4.2-6.1) and reflect the j:c_nunﬁx hish
amownt of Al on the exchange complex.  On a landform basis, the gencral cation
distribution was Al -Caz=Myg = K~Ne for inlond depressions and Ca =My a1 KN Na for
allivial plains. Orpanic atter and total Nowere gencrally low. The soily were however
modceraie 1o high i fertility statns, and thewr occurrence in level lawd wiits with low
crosion hazards make them excellent for rice paddies and wetland:diy land crop rofationys

Jor sustamable increases in food crop production in southeastern Nigeria.
F
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INTRODUCTION '

Arable upland soils in the Southeast as in most other parts of Nigeria are being
rapidly degraded by soil crosion with attendant decline in farm productivity.  Wetland
soils “arc widespread and constitute a substantial fraction of the land resources of
Southeastern  Nigeria The soils oceur in lowlands of three landform types, vamely,
coastal plams, mlad depiessions, (inland basins.and inland valleys), and alluvial plamnsg
(river Nlood plams) with coastal plaing Leing the most extensive (Andricsse, 1986), “Thy
underlying peolopic matenals vange from Tertiary to Quaternary (Recent).

The soils hold a great potential for sustainable increases in food production
because of their high inherent fertility status, and occurrence in {lat or near Nat landscapes
whicre soil crosion 15 not a major constramt to crop production (Guthrie, 1985). Recently,
wetland soils have become important for years round cultivation, but thiey have little been
studies and are largely underatilized or unutilized, in contrast to the Asian situation where
the soils arc intensively used for rice cultivation. To optimize the uses of the soils for food
crop production, this paper discusses the fundamental characteristics of sclected wetland
soils from southcastern Nigeria.
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MATERIALS AND METHODS

The study area has a humid tropical climate, with mean anaual rainfall ranpg
from 2000mm o 3000mm.  Temperature are uniformly high varying from 26 (o o el
The climate of the arca is marked by an excess of rainfall over evaportranspiration for
more than six months of thesyéar, with a reverse situation for about four months of the
year (December -~ March).  Vegelation in the arca is tropical rainforest, but much of the
climax vepciation has undergone transformation into sccondary forests as a result of the
traditional slash-and-burm farmung system.

FIELD METHOD : s

Seven representative soil profile pibs located at Mbiabet (1450 ha) and Nkari
(2829 ha) (inland depressions) and Ikpa (2700 ha), Nkama (1800 ha) and Use (940 ha)
(alluvial plains) arca of Akwa Ibom State were dug, described and sampled according 1o
soil taxonomy guidelines (Sol Survey Staff, 1994), : .

Saturated hydraulic conductivity below the ground-water table was determined
with the Houghout anger-hole method as described in Klute (1986). A total of 51
determination were made,  Soil infiltrability was determined where the water-table was
deep, and close to the soil pits, as described in Klute (1986). ;
Laboratory method ‘ ;

Soil samples were air-dricd and sieved through a 2mm sieve and preserved for the
various determinations. Pasticle size analysis was performed according to the Bouyoucos
hudrometeer method (IBouyoucos, 1951) and Soil taxonomy (Soil Survey stalf, 1974) was
used to designate the textural classes. Soil pH was determined in 1:2 soil-water solution.
Orpanic carbon was determined by the wet oxidation methods of Walkley and Black
(1934),  and total nitropen by the modified Kjldahl digestion procedure.  Available P awas
extracted by the Biay 1 omethod (Bray and Kurtz, 1945). The concentration lof i the
extracts was deternmmed by the blue colorimetric method of Murphy and Riley (1962).
Exchanpeable cations were extracted with IMNFLOAC (pH 7): Ca and Mg in the extracts
were measured by AAS, while Na and K were estimated by flame Photometry.
Efchangeable acidity was determined in IMKCI and titrating aliquots with 0.01M NAOH
(McLean, 1903). Liftective CEC was obtained by summatio of exchangeable basis ad
exchangeable acudity (A 1979). :

RESULTS AND DISCUSSION
Soil Morphology

The pedons were decp without imprenctrable layers, stoncs or hard concretions.
The padons swere all mottled and gleyed (Table 1). A huc of 10YR was commonly
observed, 2 low chrome in the matrix and generally high value mottles.  The gleyed or
moltled colours or soll reddish coneretions  (hydromorphic properties) reflect poor
drainage or alternating oxidaion/reduction conditions.
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TABLE 1. Morphological and Physical Properties of the Soils

I/6

A 0-12

[2-42
42-09

69-100
100-1235

MIRET 0-10
10-50
50-80
f0-120
120-150

INIKE (-19
19-39
3967
67-160

NAIA  0-11°

- 1-32

32-79
79-108
108-158

1

e

INALIA  0-15 .
B
21-57
5749
- 89-115

USTA 0-18
18-42
42-80
80-120
120-150

(ol Depth

Colour (moist

Malrix Maoltles Sand
Infand Depressions 3
WA R 5 - SVl A 4.0
N 14 10 IR i3 i (o0 0
25 511 1OY I G/0 1620
T8N N VR dm -
W ol TSR 0/8 26.0
Ty e Tropaguents, \'c;'.y poorly drinned
2.5Y 4/2 T3YR 14 G1.6
TAYR SR TOY IR 41 €+h0
N 6/0) LAYR 476 42.0-
N O/ T5YR 414 40,1
N 50 SYR ATH 32.0
Acric Tropiguents, poorly drained
1OYR A/ T5YR /4 32.0
2R W 15YR 506 216
25YR o T.5¥R 18 240
25YR Al YR 416 350
Acric Nertic Tropollucats, poorly drained
10-¥R 472 5.00
10Y R 52 7.5YR 56 233
[OYR a2 1THYR 5/ 17.0
IOV I SPA LAYR 418 238
10YR 12 2R 4/6 234
Acrie Vertie Tropofluvent, poorly drained
YR 202 23YR 214 A6
SYR O/f2 SYR 6/8 30.4
TSYR o2 Y (O7h 122
LAY A2 SYR ek 16.2
SYR 1 : 9.8
Veutic Tropolluvents, poorly drained
TOYR 471 SYR 4/6 42.2
IOYR ¥ AR 418 8.0
2.3¥ M 25YR 416 0.0
SYR M T5YR 56 a1
SYR 78 2.5YR 4y 4.0

Mechanical Propertics
Clay © Testue

Silt

4.8
144
REY|
(.2
o b

1~ o
i wn
-— =1

[ i S
T e e
T ) s

32.0
2240
224
3340

3190
3.0
hb)
20.0

41.2
250
190
478
e

12.7
06
40.3
40,0

3304
M08
144
by,

50.0

34.2
40.2
(1.8
Glh.S
O8 8

19.8
.40
§1.7
Tl
0.0

S¢
Sl
o
S¢

Y

¢l
sel
sl

Sul

L=t e s

Texture: s= sand; st silt, ¢ clay; sl =sandy loam; ¢ = sandy clay; scl = sandy clay loam,
cl = clay loam. sic sy clay; sill = silty clay loam.
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The soils were pencrally [ine-lextured, having a sandy clay loam or clay topsoil
overlyng a clay subsoil, and were derived from shales and collvium/alluvium quarternary
(recent geological) patent materials,  Pedons in Mbiabet, Nkari (inland depressions) and
Nkana and Use (alluvial piains) cxhibit a strong structure- forming disposition. They
becomie sticky and plastic during the wet season and moderately hard and cracked, and
may be difficult to work during the dry season, and thereforc excellent rice soils byt may
Pose sevee constraints (wetness apd poor seedbed) to the cultivation of upland crops.
Pedons 1 Hkpa swamps (alluvial plains) are slightly sticky and slightly plastic with high
organic matler content, and are perenmially wet,

Saturated hydraulic conductivity (Ks) varied widely among the soils, especially in
the 40cm soil depth (Fig. 1) Ks values ranged from 4.20 (o 11.82m day™ with an averape
of 7.19m day™ (cv = 12%) in'the top 40cm, and 0.91 to 5.41m day™ averaging 3.50m day™
(v = 9%) i the subsoil. On a landform basis, infand depressional arcas have lower
average ks values (5:412m day”, cv = 10%) in the topsoil and Jess variable with dept
G99m'day’ ey 14, respectively) (Fig.2). However, the landforms were almost similar
i subsoil: e observed Ks values were higher than expected from soil tosture
consideration.  Overall rates were moderate to very rapid, and were altributed (o a higher
pereentage volume ol mteraggrepate or structural pores mainly, which remain open when
wet and provided macro-contruits for water movement. Profile drainage may therefore be
uiimpeded, so that the poor drainage condition of the soils especially during the wet
season, may be due laigely (o ponding from overland flows, scasonally or perennially high
proundwater table and excessive inundation from the Cross River and its main tributary,
the Enyony, Greek systems. The drainage requirement of the wetland soils is consequently
high. _

Measure infiltration rate | minute and 2 hours and cumulative infiltration at 2
hours were generally higher than expected from these soil textures (Table 2). There were
large variations within cach landform as within the soil units. Infiltration rates at 1 minute
and 2 hours, and cumulative infiltration at 2 hours average 16.0mm (cv=36%%). 2. 3nmm (cv
= 35%), and 800 (cv=43%) respectively, in inland depressions.  The corresponding
values in alluvial plams are 10, 7 (ev=25%), S.8mm (cv=38%), and 85 Linm (cv=20%).
respectively. These values were moderately slow to rapid. Factors which influence intake
rates include soil aggregation, natural channels or macropores, and antecedent soil
inoisture content. Natural continuous channels appeared to be the dominant factor in these
soils.  Conservation tillage involving minimum tillage with mulch may therefore be
ticeded i these soibs o veduce losses or irrigation waler to deep percolation,

-
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Table 2; balilteation Rates and Cwmadative Lnfilteation of (he Soils
Location : = lafilration M amin — 1 al 1 i
Cumulative 0
o Rate 2h
InfiltraGon at 2 (mun) :
' luland Depression
Nkari (5)
Min 4.0 |5
256 *
Max : 40.0 6.5
2411
AN 19.0 2.6
949
CVY% 70 §7
92
Mbiabat (1) 1.0 0.3
92
Alluvial Plams .
Nkara (2)
Min 15.0 2.5
870
Max 23.0 (2.0
1784
X 9.0 73
1 527
CVY% 30 03
49
Use (0)
Min¥ .0 .5
207
Max 15.0 Tt
L1581
X 9.0 4.0
638
CVY%. : q4 35
53
Ikpa (3)
Min 0.1 0.1
Y
Max : 28.0 25.0
1817
= 9.0 8.0
059
CV9% 169 oY
168 ‘

Number in parentheses represent sample sizes.



%3 : 7 Ni

Cheinical Propertics : ]
Table 3 shows that the reaction of the soils is strongly to mildly acid (pH,p=4.2-
6.1) and reflect the amount of exchangeable Al on tlic absorption complex. Soil
acidity was however uniform among the pedons irrespective of landform types. The
exchangeable cations were predominantly Ca, Al, and Mg, and the domiant cation
scqueiice was A Ca Mp-K>Na.  On a landiorm basis, pedons forimed in wnland
depressions except pedon MBS, hive a sequence of A1=Ca=hMp=K-Na, whereas those
formed in alluvial plons have wvariable scqm:r;cas_ On the averape, the scguence is
Ca>Mp=A 1K N,
The ECEC for all soils varies from about 4.74 to 46.04 Cmolky™ soilo. Seils formed
in alluvial sediments have the highest values (Table 3). The soils are moderately
high in basc status and similac n distribution to ECEC. Exchausgeable Al. except for
pedon MBS was pencially high and reflects the high acidity of the soils.  igh
exchangeable Al s usually associated with actively weathermg profiles. However,
these high vales of exchangeable Al (soil acidity) were associated wilth the
quaternary shales and sandstones and the denved coluvium and alluvium parent
materials. This appears supported by the equally high erganic matter content m the
profile; orpanic matler form very strong complexes with Al and deceases ils activity
i the soil.  Oipame carbon is penerally low and decreases with depth.  The
distribution ol toial nitronen was similar o orpanic carbon. The C/N ration was
below 10 i pedon US7A, and above 18 i pedons NIKS, NALA and MALIB. It range
of well deconipused, and completely incorporated organic matter, occur throughout
the profile.  Values above 18 indicaie pastial organic matter incorporation, which
may be ascociated with the soil’s hdremorphism  that inhibits organic matler
decomposition and mmcralization,  Available phosphorus levels weve very low and
are attributed o the low absolule values on the soils. The nutricnt status indicales
that responses (o nitrogen, phosphorus and potassium containing fertilizers are itkely.

CONCLUSION _

This poper discusses  the  characteristics  of  sclected wetland  sotls  from
Southcustern Niperia.  The soils are moderale Lo high in inherent fertility status and
suitable for the expansion of crop production systems on intensive and sustainable basis.
The soils are excellent tor rice paddics as well as the cultivation of arable upland crops
with the possibility of mcreased crop yic]d per unit area to feed the growing population.
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TABLE 3:
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CHEMICAL PROPEL

YTIES OF THE SOI

and water conservation service, Washington, De, USA.
A. (1934} Organic matter

120
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E‘i‘i’mf’i!c Depth lixch Bases Iixch acidity Pass
iy
JIEY, (Cny) PiLe | Mg, K Cmolkg! A1 W' ECEC Satn O C  Total 11
: Na : % % "y
Ugy! ,
Inland Depressions
T Typic Vertic Tropagucnls very toory crained :
MBS 0-12 5.9 2.00 60 082 018 0% 060 623 750 238 020 49
12-42 4.8 C 700 .00 067 017 060 1.32 i 10.70 822 2.0 012 2.3
42-09 4.6 400 Lou™ 0.26 G116 048 108 698 7.7 87 0.16 4.3
6= 100 4.5 2.00 060  0.27 0.19 084 084+ 474 046 140 L ) 2.7
100-125 4.5 3.00 060 073 0.18 072 096 615 i 1.27 .01 2.7
- ' Typic Propaguents, very poorly drained =
L 0-10 4.4 2.00 2.00 012 0.10 5.28 4.08 14,18  34.0 2.63 (.21 203
1€3-50 4.5 3.60 0.40 0.1 0.25 636 516 I5.88 270 .62 0.13 2.0
42-69 4.4 2.60 4.30 011 0.10 g w72 2307 438 |.58 013 24.3
‘ s0-120 4.5 2.00 100 0.10 0.13 444 525 417 316 142 0.13 5.4
ikt 120-150 4.6 1.60 160 042 040 B 7 o g7 gl LA g 0.7
Acric Fropaquenls, poorly drained ; -
Lt 5 019 4.8 4 .50 280 0.50 016 99 3.15 16,46 50.5 [.66 (.08 4.3
-39 4.7 6,40 2.40 (.53 014 S04 312 17.65 537 5% 00} 3.3
i__ 3907 4.77 .00 4 .40 045 0.27 J1.76° 744 3232 406 084 004 4.3
) =67 4.7 (.40 240 008 038 {40 1596 r6r 2L 0Ed 004 2k &
b o il Alluvial Plains :
Acric Tropoliuvents very poorly dratned
VIR 019 4.4 T2 020 019 0ln 276 1.04 92.10 407 040 (.03 bt
| SIhLET 4.2 280 (140 0.20 0L 444 288 10.89 388 043 004 4.9
| A7 ‘55 340 gae 0 g BEEI3 AN M s 0l nw Vi
‘ 70-100 58 4 31.00 .00 0.23 016 he - 0 1915 2 014 o2 i
1 100-130 59 2.00 0.06 0.53 0.16 Gk 851 18.05 8.2 180 0.05 - __‘?_.1"
i LI Actic Vertue T apolluvents, |m(;;'ly deatned
E riALA O-1i 4.8 240 1440 0.0 (.08 .o 040 - !.‘)_(H 9.5 =000 920 jio
| 11-32 5.0 (.40 13.60  0.15 0.08 3.60 120 2503 808 070 004 V1.0
% 32-79 4.0 0.20 15.60° 0.15 (.08 4.00 6.00 3203 688 O 093 100
: T9-108 4.5 - 0.00 760 wle  0.09 S60 44 s - Fis 005 008 50
g 150 43 8.0 g0 mic 009 L 360 120 (R4S GAL DS wor 7
T T T T T  Raric Vettic Tropoliwvents, poorly drained g
, NANHEB 0-15 4.3 4 410 5.60 0.8 0.0 v G40 3.60 1988 c Lo [ I i ) 30
[5-27 4.5 420 9.80 0.1s iz st 5000 080 2070 64,1 1:3 007 4.0
i 27-57 4.7 S.00 J.o0r 016 0,12 4.00- 080 1528 636 087 Q05 14,0
i ST-89 4.7 .20 460 020 0.12 440 - 2.00 1772 639 062 003 0.0
% 89-115 4.0 6.00 17.20 1 L 7200 700 3347 T2 04 0.02 HE SO
W : i SN : : A e O
& Vertic Tropoftuvents, poorly drained :
L USTA 0418 S i%en 1560 014 009 G X289 BES) BIR 470 143 340
i 18-42 48 15.60 12520 002 k12 6.52, 408 dnun FIE al - LEE 6.0
4260 4.5 640 3.062 010 0.04 9.60 576 A5 374 005 g4l b
‘ 80-1720 LA 22.80 540 D20 024 9.36° 04 da0d 622 036 107 LD
| 120-150 48 1600 6.54 0.4 GOk 499 TIT. Bus U2 9 B0

G0




