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ABSTRACT

The challenge of increasing food production (including rice) has been the concern of the three tiers of government in
Nigeria. This paper creates a geo-database to determine soil suitability for rice production at Duku-Lade rice production
scheme in Kwara state Nigeria. Global Positioning System was used to reference soil sample points. Forty composite soil
samples were systematically collected at two depths, 0-15cm and 15-30cm as top and sub soils respectively. Soil properties
that are essential for rice yield were identified and tested for, using standard routine Laboratory procedures. The GPS data
were stored in a relationa database and the results of the Laboratory tests were linked to the map in GIS environment.
Spatial analysis, queries and geographical search were conducted on the created database. The query and geographical
search revealed that 9 soil properties were dominant in the area, they include sand, silt, organic carbon, organic matter and
calcium others are magnesium, potassium, exchange acidity and base saturation. The soil characteristics also revealed that
sand content was high, while total nitrogen and sodium content low. Twenty five percent of the soil properties were found
to be inadequate for rice growth and development. It implies that 30 of the 40 soil sampled points were found to be suitable
for rice cultivation based on the 3.0tongha bench mark of the Project co-coordinating Unit report. The study has
showcased geo-database as an integral and essentia tool for identifying and monitoring point to point information
necessary for decision on rice cultivation. It therefore, recommends creation and regular updating of geo-database for farm
managersin guiding rice farmersin their farming activity.
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INTRODUCTION to achieve a sustainable rice production; this determines
Producing enough rice to meet the local demand has been the capability of soil for current and future uses.
a great challenge and concern of the three tiers of Sustainability of rice production cannot be understood
government in Nigeria. For example, the nation, for along without some understanding of the chemistry of ‘rice
time has been formulating policies and designing soils’. The fact is that inadequacy in soil fertility results in
strategies for ensuring optimum quantity and quality of crop damages, retarded growth, and low yield. In addition,
rice production. Government has been encouraging the composition of a particular soil is crucial to plant
Nigerians to patronize locally grown rice and getting all health. That is, how well the soil drains, its ability to retain
stakeholders to work towards attaining the production organic materials, and accommodate plant’s capability. As
target of self-sufficiency. But for the nation to be self- put forward by Olabode (2011), adequate information
sufficient in rice production as contained in the Rice about these component parts of agriculture is a pathway to
Farmers Association’s 10-year rolling plan; “Target 2012 the scientific research based for sustainable agricultural
Grains Revolution”, she should increase her production development. Thus, the objective of the study is to adopt
and compete with other rice producing countries. In the geo-database technique in Geographic Information System
light of these, sustainable rice production should be the (GIS) to analyze soil for sustainable rice production to
target, through identification of areas viable to foster yield meet the demand in the country and for the country to be
increase. Rice, the seed of the monocot plants, requires self sufficient.

adequate supply of nutrients to achieve the high yields

necessary to feed growing populations. These nutrients CONCEPTUAL FRAMEWORK

come from soil. According to IRRI (2011), soils support Agriculture is a spatial activity with growing interest in
life, and without soils, many of the world’s living placing site-specific information in a spatial and long-term
organisms cannot survive and thrive; including grasslands perspective. According to National Research Council
biome that harbour economically important plants such as (NRC, 1997), precision agriculture requires models that
rice that feeds more than half of the world’s population. calculate spatial variation in crop growth at a scale of
FAO (2010) reported that yield increases are the major meters and with a time scale appropriate for management
source of food production growth, contributing about 80 decisions, often hours or days. This is a stage where
percent of increased cereal production (including rice) in Geographic Information System (GIS) is relevant and
the developing countries as awhole. Therefore, timely and important. According to Burrough (1986), GISs have been
accurate detailed information on soil resources is required in existence for aimost three decades, but only in the last
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10 years its applications have been widely used in
agriculture and natural resource management. In the
1980s, the number of applications grew as a result of
vendor-driven efforts to show the capabilities of GIS and
vendors' perceptions which resulted into the development
of these applications (Dangermond, 1991). Geographical
Information Systems (GIS) facilitates the storage,
manipulation, analysis, and visuadization of spatial data.
Most process-based agronomic models have examined
temporal variation using point data from specific sites,
which generated model outputs for site-specific
management.

STUDY ENVIRONMENT

For the purpose of this study, Duku-Lade Rice Irrigation
Scheme in Patigi Local Government Area of Kwara State
was selected as the study area. This location is chosen
because rice has been a major crop and larger proportion
of the entire state production comes from the area.

Extent and L ocation

The study area is geographicaly located within the
Latitude 5°80" and 7°60" North of equator and Longitude
4%60" and 5°21" East of Greenwich (Figure 1).
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FIGURE 1: Study Area
Source: Ministry of Lands and Housing, llorin (2010)

The Local Government Area shares common boundaries
with Niger State, Kogi State as well as Edu and Irepodun
Local Government areas (figure 1). It has a total land area
of about 2924.62km?, which is about 5% of the total land
area of Kwara State (www.kwarastate.gov.ng). According
to Kwara State Agricultura Development Project
(KWADP, 2007), approximately 25% of the land area of
the Local Government is being used for farming activities.
Based on genetic soil classification system of Food and
Agriculture Organization (FAO), there are three distinct
soil types in Kwara State where the study areafalls. These
are ferruginous tropical soils, Ferrasols and Hydromorphic
soils. Among the three soil types, Ferrasols and
Hydromorphic tropical soils are the common soil
identified within the study area. Patigi Local Government
Area of the state is dominated by Ferrasols. They are
deeply weathered red and yellowish brown soils with
abundant free iron oxides but generally without a lateritic
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iron pan layer. The soils belong to the order of OXISOLS
in American system taxonomy soil classification. The
Hydromorphic soils are seasonadly waterlogged soils.
They are whitish or grayish in colour, an evidence of poor
drainage, which reduces oxides in the soil. They are found
in the valleys of most rivers and streams in the study area
but widespread along the Niger River. Alluvial deposits
were also found along the bank of river Niger. The climax
vegetation was tropical deciduous forest but the influence
of man, especially farming activities has turned it into dry
woodland savanna, which is characterized by scattered
trees and tall grasses. Because of topographic changes,
rainfall differences and edaphic factors, some pockets of
other distinct vegetation types were found within the study
area. Various vegetation species contained here were;
Raphia Palm (Raphia Sardomical), eiba Pentandra, and
Lannea Acida among others (KWADP, 2007).
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MATERIALS & METHODS

The study employed both primary and secondary data.
Primary data involved field survey through which
composite soil samples were collected from two depth; O-
15cm and 15-30cm, representing top-soil and sub-soil
respectively. From each of the two soil layers, 40
composite soil samples were taken from the demarcated
quadrats each measuring 100m x 100m on the Irrigated
Rice Field. The Forty quadrats were selected
systematically (at every other quadrant). In each of these
quadrats, five soil samples were selected and composite
sample was prepared for subsequent routine laboratory
analysis. Coordinates of rice fields at Duku-Lade were
identified using Global Positioning System (GPS), which
were recorded in degrees, minutes, and seconds and later
converted into Universal Traverse Mercator (UTM) for
easy manipulations using Geographic Calculator (Blue
Marble Geographic, 1994). The soil physical and chemical
content were taken as the attribute data for the database
creation and subsequent analysis. The database was
subjected to spatial query and geographical search. These
soil identifier charts contain values of each soil elements
in a specific sample point. The soil status was categorized
into three parts such that each level represents “low,
medium and high”. The database was queried for the level
of soil properties

Database Creation

The GPS data generated were stored in a relational
database; they which consist of core dataset (soil sample
points and unique ID) to which the associated spatial data
(X, Y, Z coordinates) stored in tables were linked. The
attribute table created was linked to the map in GIS
environment with the Universa Traverse Mercator
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Projection Coordinate System. The point coordinates of
soil samples for the rice farms were imported into Arc
view GIS through the Add Event Theme in the Theme
Menu from the coordinates table generated in Notepad (as
delimited text file). This imported GIS data were
converted to dBase (dbf) for further editing.

RESULTS & DISCUSSION

The attribute data of each soil samples within the study
location is presented in table 1. The table containes the
coordinate points of all the soil properties with their
respective rice yield and farm-size of the studied rice field.
Generally, Geo-database is essential part of sustainable
rice cropping because it is adequate for monitoring and
managing soil nutrient for rice growth and development
especially on location basis. This database, when properly
updated, helpsin identifying areas that is subject to excess
or insufficient soil nutrients within the rice farm. This also
helps in identifying soil nutrients requirement from point
to point on a farm area with understanding of the soil's
ability to supply needed nutrients to profitable crop
production.

Point L ocations of Soil Samplesin thelrrigation Farm
Point map of the observed 40 soil sample locations was
superimposed on the digital contour map of the irrigation
site with their spatial reference positions within the study
area (figure 2). The result show that is essentially indicates
that the selection of the soil sample was spatialy
represented. The described spatial pattern suggests that
soil properties in this area are mostly homogenous with
exception of some minor heterogeneous distribution,
which is generally significant to rice cropping; especialy
the nutrient distribution.
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FIGURE 2: Contour Map of Irrigated Rice Field and Soil Sample Points
Source: Author’s Survey, 2013
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TABLE 1: GIS Database Showing Rice Field, Species and Some Soil Parameters

Shae | : Rz Fisly. ot {1 Mg (2] 0 i Sand (3] i twfE
_Polygon ! Auead lirigated Fain 52 560 1.40 0.86 148 8352 8.00 848 5.00
Folygon | Aread Inigated Faio 52 600 2% 072 1.24 8752 6.00 648 400
“Polygon | Areah inigated Faio 52 610 210 054 043 8552 800 648 560
Polygon | Areab Inigated Faio 52 650 175 082 141 8552 800 848 520
_Polygon | Area? lirigated Fain 52 5.60 203 054 075 8352 8.00 848 400
Polygon_ Area Inigated Faio 52 540 1.61 056 148 8152 800 1048 540
Polygon | Aread Imigated Fain 52 560! 1.54 0.55 070 8352 10,00 £.48 6.00
Polygon_ | Areal0 Inigated Faio 52 580 161 053 103 8852 800 848 B0,
Polygon | Areall Irrigated Faio 52 6.00: 1.40 069 1.20 7952 10.00 10.48 6.00
Polygon_| Areal2 inigaled Faio 52 600 2% 036 148 8352 8.0d 848 560
_Polygon | Areal3 Iirigated Fan 52 5,80 157 0.88 150 81.52 8.00 1048 520
Polygen  Areald Inigated Faio 52 550 1.40 067 117 8152 1200 648 420
Palygon | Areal5 Iirigated Fain 52 550 168 0.45 079 81.52 10,00 548 400
Polygon__ furealb Tigaled Faio 52 620 140 065 114 8152 600 1248 540,
_Polygon | Areal7 lirigated Fain 52 5.00 1.75 0.75 1.30 81.52 £.00 1248 4.80
Pogon | Aies1d Inigated Faio 52 520 170 086 148 £552 12,00 1448 ¥l
_Polygon | Areald Iirigated Fain 52 510 1.45 062 1.06 7952 £.00 14.48 360
Polygon : Avea2d Inigated Faio 52 5.80 1.40 148 083 8752 4.00 848 i
Polgon | Area2l Inigated Faro 52 560 126 E 148 8152 400 1448 320
Pohgon | Areaz? Inigated Faio 52 580 105 159 155 8152 600 1248 600
_Polygon | Areal3 Iirigated Faia 52 5.80 1.13 072 1.24 71.52 16.00 1248 5.60
Aea2d Ini Faio 52 560 1.40 077 115 75.52 14.00 10.48 360
Polygon hrigated
_Polygon | Areal5 Iigated Fao 52 5.50 1.75 167 1.1 71.52 20,00 .48 0]
_Polygon : dieal Inigated Fao 52 560 1.68 54 083 7152 12,00 10.48 20
Aupal? i Faio 52 6.00 1.26 1 1.40 81.52 10,00 48 .00
_Polygon
Polygon - Area2B Imigated Fan 52 6.10 1.26 76 1.31 7352 14.00 1248 60
_Polygon | Area29 Irigated Fao 52 6.50 098 034 058 7152 10,00 1248 640
_Polygon : Auea30 Imgated Faio 52 560 1.05 053 093 81.52 10.00 8.48 £.00
Polygon | Area31 Irigated Faio 52 540 133 067 117 8152 £.00 10.48 £.80
Polygon - Aread2 lirigated Fain 52 5.60 1.3 0.62 1.07 8352 10,00 £.48 560
Polygon | Aread3 inigated Faro 52 58 126 063 120 7352 800 1248 440
“Polygon | Areadd Inigated Faro 52 600 105 08 145 8752 8.0 1048 560
Polygon_| Areads inigated Faio 52 6.00 140 073 127 7752 1000 1248 520]
Polygon_ Areadh Inigated Faro 52 580 112 065 138 7552 1200 1248 400
Polygon | Aread? inigated Faio 52 550 126 067 140 735 1200 1448 480
Polygon | Area38 lirigated Fan 52 5.50 091 033 068 7552 1200 1248 420
Folygon | Area3d Inigated Faio 52 600 140 083 145 B152 600 1048 400
hﬂuﬂ_ Aueadl) lirigated Fan 52 6.00 154 0.76 1.3 6352 400 1248 380
: :
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TABLE 2: GIS Database showing other Soil Parameters, Yield and Field Coordinate

280 147 118 012 840 8.7 9866 213 1000 160] 540880 855045, 110
280 113 125 060 630 1937 3885 165 387 84| 570223 exn.709] 108
180 0.0 13 010 420 941 .59 200 7.40 150} 591.078] 845661 62
200 161 141 008 560 843 9305 180 967 43| 523791 e7eme| 33
300 130 121 0.05 310 .3 9355 200 6.25 38| 577620 80BN 51
im 121 102 008 112 1131 9329 158 11,66 464 520655, 860.775, 65
240 121 164 010 840 1155 3321 138 800 B00| EB1.177| 8593M| 77
200 161 133 016 560 1110 370 165 800 3% 534511 837877, 70
280 1.08 130 080 560 1088 9315 170 EE] 80| E01.933| edgsEn| 53
140 121 123 008 700 9% 3340 187 384 280 566 220! 854633, 91
180 152 i3 012 112 8E7 3840 170 625 240 575606| 843109] 89
260 130 118 080 770 318 3345 174 6.25 300, 557600, 898503, 63
160 130 .03 0.0 560 1041 9960 203 1000 30| 576821 B004S| 74
300 139 108 010 350 1037 375 203 635 450 E33211| 85430, 88
280 117 1% 010 350 82 9358 168 576 3%, 591710, 85175 69
240 108 141 060 840 55 %316 208 11.66 39| E73221| eskaz| 58
450 035 1.08 012 .12 15 9996 167 615 378, 591701 871979, 86
£20 121 28 010 630 108 9345 114 1000 38| E3721| etaam0| 111
100 104 141 008 430 953 875 213 781 230, Sh2660; 869505 71
220 130 153 080 42 1081 9334 198 476 B09| 5A3441| 856980 66
280 13 123 012 840 514 3354 2m 1346 390 5B3650| 874345 57
420 117 115 010 6.30 1083 9965 203 845 522, GAl.244| 850886 79
180 128 123 010 430 1053 9367 17 1333 464 534391| 843755 46
3680 113 128 010 430 1.5 B2 23 509 512, 580071 823411 69
080 117 117 060 700 934 9985 138 8.0 E60| £20590| 808577| 123
060 104 130 040 700 914 9.9 141 943 540! 500211 847933 104
1.00 088 1.04 030 38 520 9987 168 588 72| 53677| 854.988] 56
120 13 085 030 700 1053 9369 174 1212 48] 53442] 874900 66
300 113 139 20.00 1.20 1.2 5378 167 10.00 4, G0BTH| 815580 75
280 038 121 2000 700 958 872 215 668 33| 519.404| 878660 125
260 113 113 50.00 7.00 1003 9965 1 862 77! 530006 e45781 39
180 1.00 1.00 50.00 310 1050 3342 138 6.4 77| 544900 896727| 65
240 121 121 6000 7.00 953 %76 190 684 441 538067, es1.707. 117
160 121 12 0.40 700 927 9922 232 800 240 512954 @66507| 120
260 160 1.00 040 380 988 3380 23 8.00 30| 527200/ 832444] 48
320 068 085 100 7.00 99 %8.40 154 83 3%, 574612) 806767 73
220 102 102 100 720 928 3310 154 571 560 581.732| 878433, 38
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Soil Nutrient Statusof thelrrigated Rice Farm
Figures 3, 4 and 5 are the result of the soil nutrients analyzed in Arcview software.
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FIGURE 3: Sand Content of the selected Soil Sample

The level of sand, among other soil properties and within the selected point was high in the entire study area. This is
indicated by the GIS “identify result’ located at the upper part of figure 3. Whereas, the Sodium content in the soil of this

areawas low (figure 4).
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FIGURE 4: Content of Sodium for the Selected Soil Sample Point

Total Nitrogen in the soil of this area was equally found to be of low content. Thisisidentified in figure 5, where less than
25 percent of the soil property was found inadequate for proper growth and devel opment of rice.
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FIGURE 5: Content of Total Nitrogen of the Selected Soil Sample

The result of the queried database in table 3 shows that nine soil properties have high content, they include sand, silt,
organic carbon, organic matter, calcium, magnesium, potassium, acidity, and base saturation. These are the dominant soil
properties in this area (table 3).

TABLE 3: Nine Soil Properties with “High” content level

_Shye | W] SolSarw [T
Pagn 50 T 0¥
Polyoon | Sit High A0 (%)
Pobgon | Oy Median aspy s A
Polpoon _ Buk Densty Low Glofon) | | IShepe] B ElEI Iy -
Pobon  WalerHoldng Capacky_ Medu a4 L BEE L
Poboon | o Low =65 Modua
Pogon | TolalNitogen Low @50 [Vake] E]E”E]
Polygon | Orgaric Cabon High ag @
Pobgon | Orgaric Maltr High Q
Polygon  Sodwun Medum Q) =
Pgon | Caloun High <Tendlk | {5l Stas] i’
Pobyoon | Magnesium High <5 0fcmol/
Pobpgon _ Potassm High Q2 fomalk
P v Pocinn— it
AL s ¢l
P G0 et o] St |
Pobygon_ Base Satwalion Hih 302

Those in the Medium group are identified in table 4. They are Clay, water holding capacity, sodium, and available

phosphorus.
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TABLE 4: Soil Properties with “Medium” Status

Swe| 0 | swsewe [WEFT

ogn o CR—T B8
Pohgon | Si Hih ay -

Pobgon  Cly Medm iy | fed e am

Pobgon | Buk Densly Low A lgfen) {fd'a]ml A Eli .f:’j‘.. .
Pobgon | WalerHodng Capacty | Mediun i) = '

g o s o | LI e

Pogon | Tota Niogen Low aspy | | el (<) (<) (]

Pohgen | Gganc Cabon Fih aw = -
Polpaon | Oiganic Matter High < - . —
Pobgon | Sodu Hedum o K ¥ UpdseVakes
Ll High <Tlenalk | (1ol Sae] e d T
Pogen | Hagresan Fih i [ ] iy SR
Poligon | Plassn Hih Qlonolk

Pobomn _ Exhargededy  High 169 Ll
Pogon | Avaleble Phosphos | Medun 2fenolk |

Pogon | CEC Low M v| __StlectFionSe
Polpgon : Base Satuation High >30(%)

TABLE 5: Soil properties with Low Content Status.

Syl | S [

Pgn 5 TR ol
Pobgon  Si High A ‘
Poloen | Cly Medun dopy | [ AR
Pobgon  Buk Dy Low Qighn Elsgoel ] =) L .
Polpgon | Water Holding Capaciy  Medum 4% o

s e | LI e
Palygon | pH Low (=h5
Pobgon | Tota Nivogen Low Q5% [Valu] BE@
Polygon | Organic Carbon High (%) =
Polygon | Organic Matter High @ ~ i
Pobpoon _ Sodhun Medun QW M V' Updale Vs
Polpgon  Magnesium High & cmal (it b M
Polpgon | Potassium High <2 [cmol/k
Polygon | Exchange Acidly High 1(%) AddToSe
Polygon | Avalable Phosphorus Medium <1 2emolk
Polyaon | CEC Low 12 X M
Polygon | Base Saturation High »300%)

The soil properties in the low content category are presented in table 5. The soil ~ properties appeared in yellow. These are
soil properties that reduces rice yield. They are the most limiting properties essential in rice growth and development in the
study area.
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TABLE 7: Result of Queried Database showing “Non-Suitable” Soil Points

. 1 1 i 0] 10|
{ i ] 10!
[ BD9W| R 165 67| W23 NS HBIS L 15 05
30 10|
[ 15!
e 15, 05
. 0 10]
N ]
N
N
N 410
H )0 0!
s 51 08
S 45115
E 1508
E 1505
S 45 151
iq} R 0100
L 15!
i 4l i
] 4
301 10
i 1ol
i 010
! 10} 10
61104 15| 05
06, 0] 10}
] ¢ s
Fil ] 18110
580 260} 113,113 5| 05
L6207/ 1800 1001100 010
{00 Al 1 20}
7352 1200/1448 .3 { i ; 5{ 05
7552.1200/1248; 420' 260, 160/100 i D988 N0 2% 010
“so01048] 400} 320 03[08e] 100 7] 2| B0 15 3N 15
asm"m,spﬁsu wmuu_wa_lﬂwc_m_. 10 72 9% R0l 1% 5 15} ﬁw

45



ISSN 2250 - 3579

I.JA.B.R, VOL. 4(1) 2014: 36-47

Rice Yield Level
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FIGURE 6 : Soil Suitability Chart S= Suitable, N=Non-Suitable
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Soil Suitability at theIrrigation Rice Farms

The areas “Suitable” for rice production are identified in
table 6. The study shows that 30 locations appeared to be
suitable for rice production in this area and these are
highlighted in yellow. The soilsin this category are tagged
suitable based on the yield capacity and their respective
farm-size within the sample locations. For example, the
study examined the optimum yield of this area at 3.0 t/ha
which is far above other observed farm locations. This
observation suggests that soil in this area need continuous
assessment in order to sustain its productive capability.
The yield capacity of the examined soil that is less than
3.0t/ha was termed “non-suitable” (Table 7). This implies
that the sampled locations should be managed adequately
and improved upon for increased yield.

Generally, it was observed that 30 points out of 40 are
found to have suitable soil condition based on the
optimum rice yield of 3t/ha bench mark in the study area.
This level of yield as observed in the study confirms the
findings of the national Project Coordinating Unit (PCU,
2002) which is common to most Irrigated Rice Farms in
Nigeria. However, the remaining 10 farm points are found
not suitable. This is because the identified farm locations
are characterized with low yield (below 3t/ha). It implies
that farmers should intensify on soil management
techniques and increased land area in order to bridge the
gaps of low crop vyield within the “Non-Suitable”
farmlands.

CONCLUSION & RECOMMENDATION

The study created geo-database to examine soil suitability
for rice production in arice farming community in Kwara
state Nigeria. This G.I.S technique was found to be
adequate for monitoring and managing soil nutrient for
rice growth and development on point to point basis. This,
according to Enakeno (2013) will be relevant for the new
rice policy of Nigerian government which aimed to ban
rice importation by 2015. The technique will boost local
production and meet local consumption as well as
enhancing surplus for export. In the light of the above, the
study recommends adoption of geo-database in identifying
areas that is subject to excess or insufficient soil nutrients
within the rice farm by farm managers. However, such
database should be regularly up-dated such that farm
managers have access to up to date information on each
feature under consideration and at the same time improve
upon them to guide the farmersin their farming activities.
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