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Abstract
The suitability of soils on continental grits in northwestern part of Nigeria was assessed for selected land
use types (LUTSs), using a qualitative physical land evaluation methodology. The results indicated that the
soils of the landscape were currently not suitable (N1,10-18) for cereals but marginally suitable (S3, 47-56)
for grainlegumes. Potentially, all the evaluating units were moderately suitable (S2,61-69) for cereals. Soils
onupland and valley bottom were moderately suitable (82, 66-76), while those on plain were highly suitable
(S1.82-88) for grain legumes. Soils on plains were potentially more suitable for the crop considered than the
soils on the upland and valley bottom. The major limitations were nutrient availability (f) which cut across
the landscape, erosion (inter-rill) hazard (¢) at the upland and oxygen availability (o) at the plains and valley
bottom. However, nutrient availability was more important consideration because land users (farmers) who
crop the land manage the soils with little or no soil fertility management system despite the very low nutrient
status of the soils. The landscape will only be suitable for both cereals and grain legumes with the use of high
fertility management practices. Subsequent comprehensive quantitative evaluation methods using computer

models to simulate soil-water flow and crop growth can then be focused on potentially suited land.

Introduction
Land evaluation isthe processes of assessing
the possible uses of land for agriculture,
engineering, forestry, recreation, industry
and conservation. Intheagricultural context,
it is the assessment for a specific kind of
land utilization, e.g. extensive grazing,
rainfed farming, irrigation and agriculture.
Land evaluation methods aim at assessing
land qualities or suitability for specific land-
use, as conditioned by biophysical
parameters (Beek, 1978; Smitetal., 1984).
The physical resources remain reasonably
stable, unlike the socio-economic resources
that are affected by social, economic and
political setting (Dent & Young, 1981). Van
Ransteral.(1996) suggested thatderivation
of physical land suitability isaprime requisite
for land-use planningand development, since
it guides decisions on land utilization type

(LUT) for optimal use of the land resources.

There are several approaches to land
evaluation for which Van Lanen (1991)
identified three general types. The first one
is qualitative evaluation based mainly on
expertjudgement, where physical suitability
is obtained by qualitative procedure. This
approach givesuseful resultthat generalizes
the constraint of an area for specified kind
of land use type. The FAO (1976) is an
example. The approach is presented in
discretely ranked classes (e.g. S1, S2, S3,
N1 and N2). The FAO concept is mostly
commonly applied, and, although it is a
qualitative approach, itcanbe complemented
and enhanced by more quantitative methods
(Yizengaw & Veheye, 1995).

The second type includes a qualitative
evaluation based on parametric methods
that assess the suitability of land on a
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continuous scale, instead of discrete classes.
The essentials of these methods are
expressed by a mathematical model which
is either multiplicative (e.g. P=A*E*C*n)
or additive ( e.g. P= A+B+C+n ), where P

is the parametric score, and A, B, C and n.

are ratings of land qualities. In these
approaches, the best land receives the

maximum score (e.g. 1 ), while the poorest _

receives lower scores (e.g.0 ). An example
of these approaches is the Storie index

rating (SIR), which is a multiplicative

procedure (Storie, 1933). The most limiting
factor isused to determine land suitability so
that the most limiting land quality dictates
the overall suitability (Sysetal., 1991; Van
Diepen et al., 1991). The third method is
based on process-orientated simulation

models where land performance is related

to individual land characteristics with their
net effect assessed using a model of land
function. These quantified methods usually
require high data input, which make them
more expensive.

‘Of all the different approaches to land
evaluation, each has different data needs
and different qualities of prediction. There
are no rules that indicate when any given
approach is adequate, or when there is the
need to proceed to a more complex level of
analysis (Burrough, 1996). Therefore, in
developingcountries where inadequate land
resources data exist and where funds are
limiting to carry out detailed data analysis,
qualitative physical land evaluation
methodology may be used, which may later
be complemented with quantitative methods.

The objective of the study is to use a .

qualitative method of assessmentto evaluate
alandscape with inadequate land resources
data for specified land utilization type. This
approach isaimed at identifying areas of the

landscape that are suitable for intended land

utilization type, which can then be further

subjected to detailed investigation using
quantitative methods.

Materials and methods

The surveyed area (1,760 ha) lies between
latitude 11°20'Nand 1 1°18'N and longitudes
4°03'E and 4°05' E atapproximately 300 m
above sea level on a gently sloppy upland
(Fig. 1). The climate is tropical lowland
warm-subhumid with distinct seasons. There
is a wet season from May to October,
harmattan season from November to
January and a hotdry season from February
tomid-May. The total annual rainfall ranges
from 750 mm to 1016 mm, with a mean of
968 mm which is characterized by one
peak-wet season. The -mean annual
temperature is 32 °C. There is a rainfed-
growing period of about 140 days in most
years. The area is underlain by cretaceous
sediment which consists of false-bedded,
medium to coarse-grained grit studded with
quartz stones and pebbles.

Land use ,

Agricultural development is very low.
The native vegetation is still minimally
disturbed, although, annual bush burning is
rampant. The dominant pastoral activities
are cattle and sheep grazing. Grazing by
cattle (kept by indigenous Fulani nomads) is
notsystematic and is not controlled. Cropping
activities are extensive with cereal crops,
sorghum and millet being the major crops.
Cropping system is mixed, with groundnut
planted between rows of sorghum and/or
millet.

Data set
The data set consists of primarily 100
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Fig. 1. Location map of the study site

sampling sites arranged on a systematic,
equilateral grid with approximately 1.5 km
spacing between sites. The sites were
confined within the Yelwa 1:50,000
topographic map sheet. At each site,
vegetation and soil attributes were recorded
according to the methods described by
Oluwatosin et al. (2002). The landscape
was divided into upland (crest/upper/
midslope), plains and valley bottom. The

upland (crest/upper/midslope) soils were
classified as Kandiustults, those derived
from the plains as Hapluaquent, and those
formed in the valley bottom as Kandiaquult
(Oluwatosin et al., 2002).

Land characteristics and their rating
Land characteristics (LC) are simple

attributes of the land that can be directly

measured or estimated in routine surveys,
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including remote sensing as well asresource
survey (Rossiter, 1996, FAQO, 1976; Dent &
Young, 1981). Land characteristics that are
_importantin thiszone are shown in Table 1.
The land characteristics were standardized
to the common scale (0....4) following the
modified Sys er al. (1991) standardized

tables 2 and 3. Land quality indices are.
derived from a set of standardized

continuous LC values, which are then

combined with weighting factors to arrive -

at a land quality rating. Thus, the ‘n’ land
characteristics (LC), ,, are aggregated into
‘m’ land qualities (LQ),,,; specific to
the land utilization type (LUT), before

computing a final suitability. Thus, land

quality is a function of land characteristics:

Y S N ) WS WIS |
LQLEU.LUT =f2(LUT.LUR) ({LC}LEUALUR)' VLQ
€ {LUR)p ovvrreeremseererriin

where {LUR}, . is the set of land-use
requirements defined for the LUT and, for
each of these, the value of corresponding
land quality (LQ) is calculated.

{LC} ey Lur,Shows the set of diagnostic

LCs used in evaluating land quality. Thus,

each land quality is evaluated from a set of
diagnostic LCs (Tables 2 and 3).
(LUT.LUR) means that land-use
requirements (LUR)are defined within the
context of a specific production system
LUT. LEU is the land evaluation unit, and
LQ is land quality.

Land qualities and their rating

Land qualities (LQ) are the complex
attributes of land that act in a manner
distinct from theactions of other land qualities
intheir influence on the suitability of land for

56

%

aspecifiedkind ofuse (FAO, 1983). Itis the
ability of the land to fulfill specific
requirements for a LUT (Rossiter, 1996).
Usually they cannot be measured directly.
Instead several measurable diagnostic land
characteristics that directly influence the
chosen land qualities are used. In this study,
seven relevant land quality groups were
considered (Table 1), These are moisture
availability (m), nutrient availability (f),
oxygen availability (o), nutrient retention
(n), land workability (s), erosion hazard (e)
and climate (c).

Climate. Foragricultural land evaluation,
climate determines the suitability of a given
crop because it influences all components
of a farming system (Zhang, 1989). This
factor was assessed for the whole area
because of its importance on the agricultural
potential of regions. This quality was
measured by the length of the growing
season, solar radiation, temperature and
relative humidity because these variables
are fundamental to growth, development
and harvest quality of the crops considered.
However, inthis region climatic restriction
does not profoundly prevent the growth of
cereals and grain legumes. Nevertheless,
these variables are rated but not used as
differentiating characteristics.
 Moisture availability. This land quality
was assessed for the whole area but was
not used as differentiating property for the
mapping units. Crops were affected by
moisture availability through the effects of
moisture stress on growth. Rainfall during
the growing season was used torate moisture
availability because it was more reliable
than other measures (Oluwatosin &
Ogunkunle, 1991). :

Nutrient availability. This was
estimated in a composite of 30 samples
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Climate (c)

Moisture Oxygen

TaBLE |

Land qualities/characteristics. (ranges) of mapping units

Nutrient avail.(f)

Nutrient retention

Land workability

Water erosion

avail.(m) avail.(o) (n) (s) hazard (e)
Evaluation LGS TGS RHGS  RGS Drainage N P K Zn pH CEC BS Organic Texture ESD CEC Clay Slope
unit (days) (°C) (%) (mm) g/kg mg/kg cmol mglkg HO cmol (%) matter (ecm) cmol (%)
kg’ kg! kg!
clay
SR1 155 30 75 762 Imper- 0.6- 5.9- 0.05- 53- 4.4- 13- 61- 11-5 S/SL NIL 200 569 60.3 0-2
Ject 0.3 294 0.09 23 35 1.7 77 ’
SR3 155 30 75 762 Well 0.6- 9.4- 007- 20- 48 1.9- 90- 10-5 S/SCL "NIL 200 52.9 231 2-4
. 0.3 6.3 0.04 1.6 4.1 2.0 40
SRS 155 30 75 762 Intern- 0.7- 7.6- 0.03- 1.7- 50- 1.8 83- 12-7 S/SCL NIL 200 383 298 0-2
ally 0.3 122 0.06 1.2 38 1.2 46
poorly
SR8 155 30 75 762 Well 0.6- 14.7- 0.08- 16- 50- 2:d- 71- 12-8LS/SCL NIL 200 41.7 32.4 2-3
0.3 15.5 007 4.1 4.2 2.7 82
SR9 155 30 75 762 Poorly 1.3- 155- 0.13- 28- 4.7- 4.7- 89- 22-5 SL/ICL NIL 100 383 252 1-2
0.3 185 0.07 1.3 4.1 1.6 50

LGS = length of growing season, TGS = temperature growing season, RGS = rainfall growing
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Suggested land characteristics and

TaBLE 2

scores for suitability evaluation for cereals

Land characteristics Y §2 §3 N/ N2
100 95 85 60 40 25
Climate (c) 0.05-0.7 0.5-0.35 <0.35 - - -
Average sunshine n/N 150-210 0.6-.073 >0.75 - <75
Length of growing season (days) 120-150 90-120 75-90 - -
210-240 240-270 270-300 - <20
<350
. <1,500
Mean relative humidity (%) <80 80-85 >85 -
Mean temperature growing season (%) 24-26 24-21 34+ -
26-34 24-22 22-20
* (a) Slope (%) 0-2 2-4 ‘' 4-8 8-16 16-20 >20
(b) Slope (%) ’ 0-4 4.8 8-16 >16
Moisture availability (10)/Total 800-1000 600-800 400-600 350-400 - >350
rainfall of growing season (mm) 1000-1200 1200-1400 1400-1500 - >1500
Oxygen availability (o) ,
Drainage Goo Moderate Imperfect rapid Poor - very Poor but Poor but no
excessive drainable drainage
Flooding Fo F1 F1 F2 - F3+
Nutrient availability (0-20 (cm) (f)
Total N >0.15 0.08-0.15 0.04-0.08 0.04 >0.02 any less
Available P >22 13-22 6-13 6-13 >3 any less
Extractable K >0.5 0.3-0.5 0.2-0.3 0.2-0.3 >0.1 any less
Zn >156 12-15 8-12 8-12 >3 any less
pH o 5.5-6.0 5.5-6.5 >5.0-6.5 >5.0-6.5 >4>7.0 >4>7.0
Nutrient retention (n) ,
(d) ECEC (cmol kg clay) >24 16-24 8-16 <8 - -
Base saturation
©) %) >80 50-80 45-50 40-45 <40 <40
) (%) >70 30-70 '35-50 <33 - -
Organic matter
©) (%) >2 1-2 0.8-1 0.4-0.8 <0.4 -
Land workability (s) )
Texture/structure ¢-60s, CL c+60s, SC,SCL.,L SL,LfS.LS Les.Fs Cm.S.Cs -

Coarse fragments (%)
(ac) (%)



TasLE 2 (cont.)
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by (%)
() (%)
Soil depth (cm).
Slope (%)
Key:a
a -Mechnized d -B or sub horizon CL - Clay loam SCL - Sandy clay loam Lc¢S - Loamy coarse sand
b - Cut and slash. minimum tillage C-60s - Clay, blocky structure S - Sand L - Loam FS - Fine sand
c - AP or A horrzon C+60s - very fine clay blocky structure SC - Sandy clay CS - Coarse sand ‘
TABLE 3
Suggested land characteristics and scores for suitability evaluation jfor cereals

Land Characteristics Si S§2 S3 NI N2

‘ 100 95 85 60 40 25
Climate (c) 150-120 150-120 120-90 90-75 - >75
Length of growing season. 26-22 210-230 30-270. 270-300 - >300
Mean temperature grow season 26-30 30-34 34 - <10

22-18 18-14 14-10 - -
Mean relative humidity in growing season 50-70 70-80
<50 >80 -
Moisture availability (m) 700-1,000 700-500 500-400 400-300 - <300
Total rainfall in growing season (mm) 1000-1200 1200-1600 1600-2000 - >2000
Oxygen availability (o) Fo
Flooding 4) goodimperfect - moderate imperfect poor poor and non
] drainable

‘Drainage (5) imperfect moderate goog - drainage very ‘poor
Nutrient availability (0-20 cm) (f)
Total N 0.08 0.08-0.04 0.04-0.02 <0.02 any Any less
Available P >20 13-20 6-13 3-6 <3 <3
Extractable K >0.5 0.3-0.5 0.2-0.2 0.1-0.2 <l.0 any less
PH 60-50 5.0-6.5 6.5-7.0 4.5-7.5 >1.5 >1.5
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Nutrient retention (n)

Apparent CEC (cmol kg clay)

Base saturation (%)

Organic matter % C.0-15 cm

Land workability (s)

Slope

@

Texture  (3)

Coarse fragments (%)
(2a)
(3b)
(c)

Effective soil depth (cm)

TasLe 3 (Cont))

12-16
>33
1.2-2

2-4
4-8
Sicl,CLs¢
s¢

<3
3-15
3-20
75-100
75-100

4-8
16-30
Lfs, Ls

3-15
15-35
20-40
50-75
50-75

6-8

<0.8

8-16
16-30
Les
5.8

15-35
35-45
40-50
25-50
25-50

4-3

<4

>16
>50
cm

>35
>45
>50
<35
<35

cOow>

Mechanized

Cut and slash, minimum tillage

AP or A horizon

B or subsurface horizon

w» AW

High level management with full mechanization
Low level management with animal fraction
Medium and fine textured soils
Coarse textured soils (sandy)



taken from the top 20 cm of each evaluation
unit(Oluwatosin etal.,2002). The rating of
measured major nutrients (NPK, Zn) and
pH was developed from the experience of
agronomists in Nigeria (FMANR, 1990).
The overall rating of nutrient availability
was calculated by summing up all the sub-
ratings.

Nutrient retention. This land quality was
estimated from cation exchange capacity
(CEC), base saturation and organic carbon
content. The CEC (cmol kg clay) and base
saturation of the subsoil were used
(Oluwatosin et al., 2002). CEC (cmol kg*)
ofthe topsoil was not recommended for this
purpose (Sys, 1985) because organic matter
which also substantially contributed to CEC
was strongly affected by management. All
the soils have more than one B sub-horizon,
therefore, the weighted average was used.
Base saturation was used as an index of
leaching intensity. Tables 2 and 3 show the
sub-rating of the characteristics. The land
quality rating itself was calculated by
summing up all the sub-rating.

Oxygen availability to the root zone.
This land quality was determined primarily
by the drainage condition and soil structure.
It was assumed that the drainage classes
based on hydromorphic features observed
in any soil profile, as proposed by the
Working Group on Land Evaluation (1975),
reflect oxygen supply to the roots.

Land workability. This land quality was
observed from slope, effective soil depth to
rock coarse fragment, gravelly subsoil and
texture. Slope has a much greater influence
on land workability than the other
characteristics. To reflect this in the rating,
slope was rated under most important
characteristics while others wererated under
less important characteristics (Table 4).

Effective soil depth and coarse fragments
influence the ease with which land can be
cultivated mechanically. The land quality
was rated from the sum of the sub-rating.

Water (inter-rill) erosion hazard. The
procedure applied in this study assumed
both high and low input farming system and
consisted of estimating detachability,
transport capacity and expected soil loss.
The rating of erosion hazard depends on the
soil loss tolerated, and this depends on the
effective soil depth and importance of the
A-horizon with respect to the fertility of the

‘soil. A deep soil with very fertile topsoil, as

reflected by a high CEC/clay ratio, has a
larger soil loss tolerance than a deep soil
with low CEC/clay ratio or a shallow soil
withahigh CEC/clay ratio. Veldkamp (1987)
developedratings for erosion hazard which
were applied in this study (Table 5).

Land suitability evaluation system

Six land utilization types (LUTSs) are
considered here, namely maize, sorghum,
millet, groundnut, soybean and cowpea.
Suitability for a particular land utilization
type is determined by matching crop
requirements (LURs) with site charac-
teristics (LQs). The minimum crop
requirements (Table 6) are based on
information in the literature, expert opinion
and on comparison of measured values of
characteristics with expert judgement on
limitations to land utilization types (Koppi,
1991). The soil suitability component of this
system recognizes the potential of a given
area for a specific land utilization by
interpreting routinely measured soil variables
thatare available in the database of the area
(Oluwatosin et al., 2002).

To assess a particular evaluation unit, a
parametric modeling of the relevant soil
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TABLE 4

Rating of limiting characteristics

Rating Symbol Intensity of limitation Most important Less important
* characteristics characteristics
0 No 95-100 95-100
1 Slight 85-95 90-95
2 Moderate 60-85 85-90
3 Severe 25-60 60-85
4 Very severe <25 < 60
N Can be corrected 20-25 50-60
(2) Can not be corrected <2 <50
TaBLE S
Rating of water (inter-rill) erosion hazard
Expected soil loss (t/ha/yr) for soil depth (cm) Rating
> 90 60-90 30-60 <30
(a) Cation exchange capacity (clay) over 0-50 cm > 30 cmol kg
0-10 0-7 0-4 0-2 1 (none slight) none
11-25 8-18 5-11 3-4 2 (low)
26-60 19-43 12-26 5-9 3 (moderate)
>60 > 43 > 26 >9 4 (high)

(b) Cation exchange capacity (clay) over 0-50 cm 15-30 cmol kg

0-6 0-4 0-2
7-15 5-11 3-7
15-36 11-26 8-16
> 36 > 26 > 16

(c) Cation exchange capacity (clay) over 0-50 cm < 15 cmol kg

0-3 0-2 0-1
4-8 3-5 2-3
9-18 6-13 4-8

> 18 <13 <8

0-1
2

3-4
>4

0

0

1
>1

1 (none or slight)
2 (low)

3 (moderate)

4 (high)

1 (none or slight)
2 (low)

3 (moderate)

(4 (high)

SRI, 5,8

SRI, 3,9

characteristics/qualities for each crop (LUT)
was used to estimate the overall limitation
effect. Each land characteristic under each
land quality was sub-rated to arrive at the
final rating for each land quality (Table 7).
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The aggregate suitability rating was obtained
by rating all the land qualities considered
(Sys, 1991). As an example, the overall
suitability rating for maize under evaluation

unit SR 1 is calculated as:



S euLur =15>< §5_ xg x@ XE xmx@ =9, . .3
® 100 100 100 100 100 100
() (m) (0 (n) (s) (e)
S(I)LEU.LUT = 8 x k) & X 2 x —9—5 x 100 x —10—0 X TSRS 4
100 100 100 100 100 100 '
where S _ .= actual (current) index of f is not included because high fertility

suitability (i.e. when land quality fis included
in the rating because low fertility
management is envisaged); S Lev Lot
potential index of suitability (i.e. when quality

Tal

management is envisaged).

Suitability classes S1, S2, S3 and N are
equivalent to Index of suitability values of
100-75,74-50,49-25 and 24-0, respectively

BLE 6

Minimum requirements of the land utilization types for optimum productivity

Land Moisture Nutrient Nutrient Oxygen Land Wate
utilization availability retention availability  availability  workability erosion
type hazard
Maize 3 2 2 2 3 2
Sorghum 3 2 2 2 3 2
Millet 3 2 2 2 3 2
Groundnut 3 3 3 2 2 3
Soybean 3 3 3 2 3 2
Cowpea 3 3 3 2 2 2
2 = < 25% reduction in optimum yield
3 =< 40% reduction in optimum. yield
TasLe7
Summary of the land quality ratings of the mapping units using intensity of limitations

Land Moisture Nutrient Nutrient Oxygen Land Water erosion Climate
unit availability availability  retention  availability — workability hazard

(m) 0 (n) (o) s) (e) (c)
SR1 1 3 1 2 1 0 0
SR3 1 3 1 0 1 2 0
SR3 1 3 i 2 1 0 0
SR8 1 3 1 0 1 2 0
SR9 I 3 1 2 2 0 0
0 = no limitation: characteristic is optimal for plant growth
I = slight limitation: characteristic is nearly optimal for plant growth and affects productivity for not more

than 20%
2 = moderate limitation: characteristic has moderate influence on yield decrease for sustained use; benefit can
still be made and use of land remains profitable

3 = severe limitation: a characteristic has such an influence on yield decrease or degradation of the land that

the use becomes marginal for considered land utilization type
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