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technological process of their creation. It was proposed approach, which will create a modern soil GIS with
the most adapted data set, easily to use, scalable and dynamically supplemented. Created GIS with
minimal alterations can be integrated into the national geospatial data infrastructure and develop within it.
It was highlighted the use of free open source software that is distributed free under the GNU GPL.

Keywords: large-scale soil map, digital elevation models (DEM), geoinformation system (GIS), coordinate
system, predictive soil mapping, multinomial logistic regression, GRASS GIS.
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In a bid to contribute to food sufficiency and sustainability of rice production in Nigeria, we carried out the
study on the land suitability evaluation of Ogochie river wetland soils in NgorOkpala Local Government
Area of Imo State, South-eastern Nigeria. Three topounits were identified as footslope, midslope and
summit and were connected by a transect using Global Positioning System (GPS). A profile pit was dug on
each topounit. Both soil description and land suitability evaluation were carried out according to FAO
guidelines. Soil samples were collected from each horizon, air dried and sieved for standard routine
analysis. The soils were shallow in depth and imperfectly to poorly drained. Sand dominated the texture of
the soils which was classified as sandy loam. Bulk density and porosity ranged between O.82—1.68g/cm3
and 36.6-69.2% respectively. All soils recorded acidic soil reaction (5.28-5.37). The fertility levels of all
soils were low having organic matter (0.4-1.68 %), total exchangeable bases (2.68-3.18 cmol/kg), effective
cation exchange capacity (3.38-4.11 cmol/kg) and available phosphorus (1.03-2.04 ppm). However, total
exchangeable acidity was high (0.7-0.8 cmol/kg) depicting acidity of soils studied. Percentage base
saturation was high (76.6-80.1%) but not sufficient for optimum rice production. The soils were non saline
with electrical conductivity values less than 1dsm™.The soils of the study area were evaluated as being
marginally suitable (S3) for rain fed rice production, with footslope having limitations in fertility, soil texture
and depth. Midslope had limitations in fertility and soil texture while summit had limitations in fertility, soil
texture and topography.

Keywords: wetlands, soil, rice, land suitability evaluation, southeastern Nigeria.

Introduction. Wetland soils are soils formed under conditions of saturation,
flooding or ponding long enough during the growing season to develop anaerobic
conditions on the soil surface. Wetlands have been neglected and underutilized in the past,
thus have been reviled as disease ridden wastelands and actively drained. The rapid
increase in population, urbanization and industrialization has led to the recognition of
wetlands for agricultural production in Nigeria. Drained wetlands are among the most
productive agricultural and forest soils, having relatively level topographic position, high
organic matter content, high nutrient level and acting as both source and sink due to their
role as transitional ecosystem between the aquatic and terrestrial ecosystems. The
occurrence of wetland soils in Nigeria has been associated with three landforms namely;
inland depressions, floodplains and coastal plains [1]. These soils are boom grounds for
swamp rice [2] and can produce other crops such as banana, sugar cane, cocoa and
coffee.

Rice is a staple food in many countries in Africa and is considered to have recorded
a fastest growth in consumption in Nigeria. It has been reported that Nigeria loses N1bn
daily to rice importation as the demand for rice in Nigeria is about 5 million tonnes yearly
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and the domestic production is less than 3 million tonnes which makes the importation of
rice into the country more than 2 million tonnes.

Despite the good natural conditions for rice cultivation in Nigeria, the low level of its
production is quite appalling. However, this triggered the study on the suitability evaluation
of Ogochie river wetland soils for rice production in Nigeria.

Materials and Methods. Ogochie River is located at Ngor-Okpala Local
Government Area of Imo State which lies between latitudes 5°20 N and longitude 7°8 E with
an elevation of 52 m above sea level. The hydrology of Ogochie River is governed by Imo
River and affected by tides, although seasonal influences which are related to the climatic
regime are evident. The area lies within the humid tropics with a mean temperature range
of 26-29 °C. The climate of the area is characterized by distinct wet and dry seasons. The
wet season begins in April and lasts till November, while the dry season begins in
November till March. A short period of draught is usually experienced in July and August,
while a period of harmattan characterized by cold dry winds and lower temperatures
normally occurs between December and February [3, 4].

The relative humidity is high throughout the year especially in rainy season
averaging 85 %. The mean annual rainfall ranges from 2500-3000 mm [5].The major parent
material in the study area is the coastal plain sands and flood plains (Benin formation and
Deltaic deposits) and marine deposits. The area has generally a lowland geomorphology,
less than 80 m above sea level. They belong to the group of soils termed the acid sands in
southern Nigeria [6].

A reconnaissance visit was carried out with the aid of a location map of the study
area to identify the areas to be studied and the locations were georeferenced using a global
positioning system (GPS) receiver (table 1). A combination of transect and random
sampling techniques were used as a traverse was cut along the river bank in sampling.

Three topounits were identified namely footslope, midslope and summit and a
profile pit was dug in each topounit and described using FAO (2006), (2006) procedures.
Surface humidity was dry at the time of sample collection, which was in the dry season
month of December 2012. Core samples were collected from each horizon. Samples were
collected from the bottom to the top according to horizon differentiation in each profile pit
and the maximum depth of soil examination differed for each pit. Soil samples were air-
dried, gently crushed, sieved using 2-mm sieve and analysed in the laboratory.

Table 1. Location of pedons

Pedon number Coordinates Elevation, m Physiographic unit
Pedon 1 Lat.5°20'10.7"'N, Long. 7°8'48.1""'E 45 Footslope
Pedon 2 Lat.5°20'19.3"'N, Long. 7°8"'47.2"E 46 Midslope
Pedon 3 Lat.5°20'24.9"'N, Long. 7°8"'47.2"E 46 Summit

Laboratory Analysis. Particle size distribution was determined by hydrometer
method according to the procedure of [7]. Bulk Density was measured using core method
as [8] recommended. Soil pH was determined in 1:2.5 soil liquid ratios in water and 0.1N
KCl using pH meter [9].0rganic carbon was determined using wet oxidation method
described by [10, 11]. Available phosphorus was determined using Bray Il solution method
[12]. Electrical conductivity was measured in 1:2 saturation extract [13]. Exchangeable
bases (magnesium, calcium, sodium and potassium). Exchangeable Na and K were
extracted using 1N NH4OAc using flame photometer [14], while Ca and Mg were
determined using ethelenediaminetetracetic acid (EDTA) [15]. Total nitrogen was
determined by Kjehdahl digestion method [14, 16]. Exchangeable acidity was determined
titrimetrically [17]. Effective cation exchange capacity (ECEC) was calculated from the
summation of all exchangeable bases and exchangeable acidity [18]. Percentage base
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saturation (% BS) was determined by calculation.

Land evaluation. The data collected on soils were used in comparing the land use
with the land qualities and characteristics to determine which land unit is most suited for
rain fed rice cultivation. The parameters used for the evaluation of soils were soil depth,
texture, drainage, pH, available P, organic matter content, ECEC, base saturation and
electrical conductivity while environmental factors were climate and topography. The
suitability of each factor for respective soil unit was classified as highly suitable (S1),
moderately suitable (S2), marginally suitable (S3) or not suitable (N).

Results and Discussion. Soil Properties. Although wetland soils in reduced state
typically have dark, grey, mottled appearance with chroma colour of less than or equal to 2,
the soils in the study site were characterised with strong brown, reddish brown, reddish
yellow to yellowish red colour matrix of hues of 7.5 to 5 years and chroma values of 4-8 in
all horizons. These colours indicate a relatively high amount of iron oxide, which may be
due to the parent material. The structural development of the soils in the study site ranged
from fine-weak to massive-strong sub-angular blocky peds. In moist state, the soils were
friable and firm, soils were observed in dry consistence to be hard to extremely hard as
depth increases. The main factor influencing the structure of floodplain soils is the
hydrology/water table. Also, due to the concentration of Fe" and Al*, the soils harden to
form nodules and concentrations. However, such hardened features, unless they have
gradual or diffuse boundaries with surrounding matrix are indicative relict rather than
contemporary saturation. The soils of the study site were imperfectly to poorly drained,
therefore, base presence of roots decreased with depth in all pedons due to high water
table.The textural characteristics of the soils studied showed that sand content were
predominant having values above 800 g/kg (table 2). The soils were categorized under the
sandy loam textural class. High bulk density and porosity were recorded in the study area
which ranged between 0.82-1.68 g/cm® and 36.6-69.2 %. This is an indication of mineral
soil dominance and high water absorption capacity. Bulk density increased down the
profile, presence of organic matter was responsible for lower bulk density and high porosity
recorded at the epipedon. Soils located at the footslope recorded the highest bulk density,
followed by summit and midslope respectively.

Table 2. Some physical properties of soils studied

Physiographic . Depth, Particles content, g/kg MC, BD, Total
unit Horizon cm Sand | Sit | Clay Texture g/kg | g/em® | porosity,%

Ap 0-14 804 0 196 LS 353 1.59 40.0

Bt2 28-43 824 20 156 SL 522 1.83 31.0

Mean - 857 7 136 SL 456 1.68 36.6

Ap 0-14 844 40 116 LS 128 0.34 87.2

Bt1 14-26 804 60 136 LS 139 0.55 79.3

Midslope Bt2 26-67 824 20 156 SL 297 0.61 77.0

Bt3 67-80 824 20 156 SL 324 1.22 54.0

Btg 80-85 804 40 156 SL 478 1.36 48.7

Mean - 820 36 144 SL 273 0.82 69.2

Ap 0-14 844 20 136 LS 198 0.39 85.3

Ab 14-27 744 40 216 SCL 202 0.77 71.0

Summit Bt1 27-66 787 20 196 SL 300 1.1 58.2

Bt2 66-83 904 0 96 S 346 1.25 52.9

Bt3 83-97 844 20 136 LS 441 1.44 45.7

Mean - 824 20 156 SL 297 0.99 62.6

Texture: S =Sand, LS = Loamy sand, SL = Sandy loam, SCL = Sandy clay loam

The pH of the study area were strongly to slightly acidic with footslope recording
values of 5.37, followed by midslope 5.33 and summit 5.28 (table 3). This indicates the
presence of AI" and H" ions in the soil exchange complex [19] and low organic matter levels.
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Footslope recorded the least organic matter content of 0.4 % compared to midslope
1.04 % and summit 1.68 %. Low organic matter is as a result of submergence of surface
soil, causing anaerobic condition and inhibiting ripening environment. Total exchangeable
acidity recorded high values, slightly below the critical toxicity value of 2.0 cmol/kg. This
makes plant nutrients unavailable such as phosphorus, molybdenum as well as other basic
cations, thus increases toxicity levels of Aluminium and Manganese.

Percentage base saturation ranged between 76.6-80.1 %, above 50 % the
separating index between fertile and less fertile soils. M. Astera [20] noted that the
strongest, healthiest and more nutritious crops are grown in soils having percentage base
saturation of above 90 %. The ECEC values were low between 3.38-4.11 cmol/kg, this is
as a result of high annual precipitation, low amount of basic cations, low activity clays and
low buffering capacity to retain them against leaching. ECEC values <8-10 cmol/kg are
stipulated as indicative minimum values in the top 30 cm for soils for satisfactory crop
production in wet soils [21].

Available P content of the soils was low between 1.03-2.04 ppm. At low pH and
solubility of Al and Fe hydroxyl, P is considered very low and this explains the reasons for
high P fixation in wetland soils. High moisture level and sandy soil texture are also
contributory factors. Electrical conductivity of the study site was less than 2 dsm™ indicating
non saline nature of the soils and fresh water status of the hydrology of the study area.

Land Suitability Evaluation. Results on the land suitability rating of the Ogochie
river wetlands showed that the mean annual rainfall of the study area was above 1200 mm
(Tables 4 and 5) and were rated as highly suitable (S1). The temperature of the study area
was isohyperthermic (above 22 °C) and rated as highly suitable (S1). On the basis of
elevation, all topounits were below 50 m, thus were rated highly suitable (S1). Footslope
and midslope recorded a rating of highly suitable (S1)having a slope gradient description of
flat and level respectively while summit was moderately suitable (S2) having slope gradient
description of nearly level. Sand dominated the texture of all soils studied and were rated
as marginally suitable (S3), as the textural class of the soils were sandy loam. Footslope
had a depth of 43 cm due to high water table and was rated as marginally suitable (S3) as
crops may be lost in excess rainfall while midslope and summit had depths greater than
75cm, thus were rated as highly suitable (S1). Footslope was poorly drained, having a high
suitability (S1) rating while midslope and summit were imperfectly drained and rated
moderately suitable (S2). Stones and rock outcrops were not observed in all soils studied,
therefore the soils were rated as high suitable (S1). The pH of all soils studied was acidic
between 5.0-5.5 and rated as marginally suitable (S3). Organic matter contents of all soils
were rated as being marginally suitable (S3). The Potassium content of the soils of the
study site was moderately suitable (S2). The phosphorus content in all soils studied was
less than 5ppm, thus rated as marginally suitable (S3). The footslope and midslope were
rated as marginally suitable (S3) while summit was rated as moderately suitable (S2) in
terms of calcium levels in the soils. The magnesium content of all soils studied was rated
as marginally suitable (S3). Footslope and midslope recorded percentage base saturation
suitability rating as moderately suitable (S2) while summit was highly suitable (S1) above
80 %. Total nitrogen in all soils was below 0.1 % and classified as marginally suitable (S3).
The electrical conductivity of the soils were highly suitable (S1) as all soils recorded EC
values less than 3 dms™, an indication that the soils are non-saline. The overall suitability of
the soils studied showed that all topounits were marginally suitable (S3), with footslope
having limitations in fertility, soil texture and depth, Midslope had limitations in fertility and
soil texture with summit had limitations in fertility, soil texture and topography.
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Table 4. Rating of land use requirement for rain-fed rice

Land qualities

Factor suitability rating

S1 | S2 | S3 | N
Climate
Rainfall (mm) 800-1200 700-800 600-700 <600
Temperature (°C) 24-28 22-24 18-22 <18
Land/soil properties

Elevation (m) 0-600 600-1200 1200-1800 >1800
Slope (%) <1 1-2 2-4 >4
Soil texture C, SiC, CL SC, SiC, SiL SL, L, SCL S, LS
Soil depth (cm) >75 50-75 25-50 <25
Drainage Poorly drained Mg;ﬂ;:\aetgly Imperfectly drained Well drained
(S)Ltjct)(l;]risp :r(‘f,l ;OC" nil 1-5 5-10 >10
pH 6.0-6.5 5.5-6.0 5.0-5.5 <5.0
Organic matter (%) >3.5 2.5-3.5 <25 Any
Avail. P (ppm) >15 6.15 <5 Any
K (cmol/kg) >0.31 0.11-0.30 <0.11 Any
Ca (cmol/kg) 6-12 3-6 <3 Any
Mg (cmol/kg) 6-12 3-6 <3 Any
BS(%) >80 40-80 20-40 <20
TN (%) >0.2 0.1-0.2 0.05-0.1 <0.05
EC (dsm™) <3 3-5 5-7 >7

S1= Highly Suitable, S2= Moderately Suitable, S3= Marginally Suitable, N= Not Suitable

Culled from Akwalbom State Ministry of Agriculture publication, Vol. 1l, 2003 and FAO 1983

Table 5. Suitability assessment of Ogochie river wetland soils for rain fed rice production

Factor suitability rating

Land qualities

Footslope Midslope Summit
Climate
Rainfall (mm) S1 S1 S1
Temperature (°C) S1 S1 S1
Land/soil properties
Elevation S1 S1 S1
Slope (%) S1 S1 S2
Soil texture S3 S3 S3
Soil depth (cm) S3 S1 S1
Drainage S1 S2 S2
Stones and rock outcrops (%) S1 S1 S1
pH S3 S3 S3
Organic matter (%) S3 S3 S3
Avail. P (ppm) S3 S3 S3
K (cmol/kg) S2 S2 S2
Ca (cmol/kg) S3 S3 S2
Mg (cmol/kg) S3 S3 S3
BS (%) S2 S2 S1
TN (%) S3 S3 S3
EC (dsm™) S1 S1 S1
Overall suitability class S3fsd S3fs S3fst

S3fsd= marginally suitable having limitations in fertility, soil texture and depth
S3fs= marginally suitable having limitations in fertility and soil texture
S3fst= marginally suitable having limitations in fertility, soil texture and topography




34 ISSN 0587-2596. Azpoximis i epyHmosHaecmeo. 2015. 84

Conclusion. Ogochie river wetland soils were marginally suitable (S3) for optimum
rice production as all topounits studied had fertility and soil texture as major limitations. The
integrated use of organic and inorganic fertilizers and incorporation of plant residues such
as rice straw would address the low nutrient status of the soils. Regarding the sandy nature
of the soils, organic manure which acts as binding agents should be applied to check
leaching of plant nutrients. Footslope recorded a limitation in depth due submergence of
soils by water, adoption of improved agricultural practices should be employed to obtain
optimum use of the land for rice production without loss through submergence. Making of
checks will enhance water retention in the summit where topography was observed to be a
limiting factor. Liming is also necessary to reduce the acidity and Aluminium and iron
toxicity levels in the soils studied.
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B cTpemneHun noBbICUTb NPOAOBOMBCTBEHHBIN AOCTATOK M CcTabunuampoBaTb NPOM3BOACTBO puca B
Hurepuu, Mbl BbINOMHUAW UCCREAOBaHME MO OLEHKE MPUrogHOCTU 3eMerb 3ab0noyYeHHOM MONMbl peku
Oroua, pavioH Hropa-Oknana, wrtaT Mmo, HOro-soctouHas Hurepusi. Tpu Tonorpadmyeckue eguHuLbl,
CBfi3aHHble TpaHCeKToM nocpeactBoM Cuctembl rnobanbHoro noavuuoHupoBanus (GPS), 6binu
MOeHTUMULMPOBaHbI Kak MOAHOXME CKIMOHA, CPedHss YacTb CKMOHa M BepluMHa, COOTBETCTBEHHO. Ha
KaXXOOM M3 0OBEKTOB Obin 3anoxeH NonHOoNpounbHbIN NOYBEHHBIM pa3pe3. OnvcaHue NoYBbl U OLEHKa
NPUrogHOCTN 3eMNn ObINM BbINOMHEHbI cornacHo pekomeHpauuam PAO. N3 kaxagoro ropmsoHTta 6binu
0TO6paHbl NPObbl NOYBbLI, BbICYLUEHbI Ha BO34yXe WM MPOCEsHbl ANsi CTaHA4apTHOW npoluenypbl aHanusa.
MouBbl ObINM Menkue 1 cnabo ApeHWpoBaHHble. B rpaHcocTaBe NoYB AOMMHUPOBAN MECOK M OHW Bbinn
KJ‘IaCCI/ICbI/ILI.I/IpOBaHbI Kak mnecyaHbl CYrfMHOK. [NOTHOCTb CROXEHUst U nopuctocTb coctaenanu 0.82-
1.68 r/cM® 1 36.6-69.2 %, COOTBETCTBEHHO.

Bce noysbl obnaganu kucnown peakuuen (5.28-5.37 pH). YposeHb nnogopoamst y Bcex NoYvB Obin HEBLICOK:
coaepkaHue opraHudeckoro Beuectsa — 0.4-1.68 %, cymMa 0GMeHHbIX ocHoBaHui — 2.68-3.18 cmol/kg,
emKocTb obMeHa kaTmoHoB — 3.38-4.11 cmol/kg, a cogepxanue goctynHoro gocdopa — 1.03-2.04 ppm. B
TO Xe BpeMsi, nonHasi 0bMeHHas KMCNOTHOCTL Gbina Bbicoka (0.7-0.8 cmol/kg), 4to oTobpaxano obLuyto
KMCNOTHOCTb M3Y4YEeHHbIX MO4YB. [pOUEHT HAaCbILWEHHOCTU OCHOBaHMAMMU BbicOokun (76.6-80.1 %), Ho
HegocTaToueH Anst ONTUMarnbHbIX YCIOBUWA AN Npou3BoAcTBa puca. [MouBbl He ObiNMM 3aconeHHbIMU, a
MHOEKC WX SMEeKTPUYecKoM MNpOBOAMMOCTM COCTaBnsAsl MeHee yem 1 dsm™. TMousbl nccnegoBaHHOM
TeppuTopumM BbINn oueHeHbl Kak cnabo npurogHele (S3) Ans Npou3BoACTBa pyca C OOXKAEBLIM MOMMBOM,
npuyeM, NovBa y NOAHOXMA CKNOHA MMena orpaHudeHns B NAOAOPOAUN, rpaHcocTaBe M MoLHocTh. B
cpegHen 4acTu CKNoHa OrpaHUYeHns Kacanucb NNogopoans 1 rpaHcocTaBa, B TO BPEMS Kak Ha BepLuvHe
ObInn orpaHMYeHust B NI0AOPOAMK, rpaHcoCcTaBe 1 Tonorpacum.

Knroyesnble cnoea: 3a60104eHHbIe 3eMiIU, 1048a, pUcC, oUueHKa rMpu2o0HOCMU 3eMerlb, H020-80CMOoYHast
Huzepus.

YK 631.4

BA3U OAHUX FPYHTIB BONIAPII, MONIAOBU, PYMYHII 1 YKPAIHU TA 1X
YYACTb Y PO3BUTKY EBPOMEUCBLKOIro rkYHTOBOIO
IHOOPMALIMHOIO NPOCTOPY"

CeeTtna Pycesa', IOpint Poanora’, MapuHa JlyHry?, PykcanHgpa BiHTtina®,
TetaHa NaktioHoBa*

' IHCTUTYT rpyHTO3HABCTBA, arpOTEXHONOrIi Ta 3aXUCTy pocnuH imeni H. MywkapbLosa,
50neaplﬂ Coqpisi, (svetlarousseva@gmall com)

2 [HCTMTYT rPyHTO3HABCTBA, arpoXimii Ta OXOPOHM rpyHTiB imeHi H. fimo,
Monaoea KuwuHis, (lu-rozloga@yahoo com)

*HauioHanbHWUI HayKOBO-AOCHIAHWIA IHCTUTYT FPYHTO3HABCTBA, arpoxXimii Ta
HaBKkonuuwHboro cepepoBuula (ICPA), PymyHia, ByxapecT, (rvi@icpa.ro)
* HauioHanbHWit HayKOBUI LEHTP «IHCTUTYT rPyHTO3HABCTBA Ta arpoxiMmii
imeHi O.H.CokonoBcbKoro», YKpaiHa, XapkiB, (tnlaktionova@ukr.net)

Y cTaTTi NnpeacTaBneHo HauioHanbHi NigXoAnM OO0 CTPYKTYpU FPyHTOBUX 6a3 AaHWX Y YOTUPbOX KpaiHax
MiBoeHHo-cxigHOT €Bponu — Bonrapii, Mongosi, PymyHii 1 YkpaiHi. MNMokazaHo cnocobu 30upaHHs i
cucTemaTusdyBaHHSA JaHuX Ta nepeniyeHo OCHOBHI Mxepena iHdopmalii. NpoaeMoHCTPOBaHO MOXITMBOCTI
i NpyMKNaamn 3acTocyBaHHA AaHMX Y HAYKOBUX AOCHIKEHHAX Ta OLiHIOBAHHI CTaHy PYHTOBUX i 3eMenbHUX
pecypciB OcoGnleoT yBaru HapaHo aHaniay NPUNHATHOCTI HaLI,iOHaJ'IbHI/IX 6a3 gaHux ons iHTerpyBaHHsa Ta

Knro4doei cnoesa: 6asa daHux, 2pyHm, Knacugikauiss epyHmis, enacmugocmi, kapma.

* Mepeknap cratTi SOIL DATABASES OF BULGARIA, MOLDOVA, ROMANIA AND UKRAINE, AND THEIR PARTI-
CIPATION IN THE EUROPEAN SOIL INFORMATION CONTINUUM (Arpoximis i rpyHTo3HaBcTBo Ne 83, C. 5-16).
My6nikyeTbcsa 3a nobaxaHHAMK ynTadiB. [Tepeknana T. JlakmioHosa



