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Abstract

OLANIYT, A. O., A. J. AIIBOYE, A. M. ABDULLAH, M. F. RAMLI and A. M. SOOD, 2015. Agricultural land
use suitability assessment in Malaysia. Bulg. J. Agric. Sci., 21: 560-572

Land suitability assessment (LSA) is a valuable tool for land use planning in major countries of the world as well as in
Malaysia. However, previous LSA studies have been conducted with the use of biophysical and ecological datasets to the
neglect of equally important socio—economic variables. Therefore, this research is conducted at the sub national level to esti-
mate suitable agricultural land for major economic crops in Malaysia by application of socio-economic variables in conjunc-
tion with widely employed biophysical and ecological variables. The objective of this study is to provide an up—to date, GIS
based agricultural land suitability assessment (ALSA) for determining suitable agricultural land for major economic crops in
Malaysia. Biophysical, ecological and socio-economic factors assumed to influence agricultural land use were assembled and
the weights of their respective contributions to land suitability for agricultural uses were assessed using analytic hierarchical
process. The result of this study found Kuala Langat and Sabak Bernam districts of Selangor as the most suitable areas for
cultivating paddy, oil palm and coconut whereas the Klang and Petaling are more suitable for growing rubber. Since Kuala
Langat and Sabak Bernam are generally suitable for growing wider variety of crops, the study foresaw potential environmental
degradation of these locations from agricultural intensification. While this study could also be useful in assessing the poten-
tial agricultural yields and potential environmental degradation in the study area, it could also helps to estimate the potential
conversion of agricultural land to non—agricultural uses.

Key words: agricultural land suitability assessment (ALSA), agroecological zones (AEZ), potential agricultural yields
and potential environmental degradation, land use planning, major economic crops, socio—economic variables

Abbreviations: Rural GDP - Rural Gross Domestic Products; Rural WKFC - Rural Work Force; NORDs -
Number of Raining Days; AvrT - Average Temperature; relHUM - Relative Humidity; popden - Population
Density; % rural pop - Percentage Rural Population; Ds2minrd - Distance to Minor Road; Ds2majRAIL -
Distance to Major Rail; Ds2majRD - Distance to Major Road; Ds2mjRV - Distance to Major River

Introduction

Land suitability assessment (LSA) is an agricultural plan-
ning tool for identification of suitable areas where crops can
be grown at least economic and environmental costs. Land
suitability assessment is the examination of a piece of land
for its capacity to support a specific agricultural use (Little-
boy et al., 1996). Generally, land suitability assessment for
agricultural purposes involves characterization of the bio-

physical and ecological characteristics of a location accord-
ing to the agricultural potential of the land. Essentially, land
suitability assessment involves accounting for the attributes
of land and comparing them with the crop requirements in
order to develop land - crop production suitability index in a
spatially explicit manner.

Land suitability assessment involves assessing the com-
parative edaphic-ecological requirements of the crops with
the spatial edaphic-ecological condition of a specific location.
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The locations where the edaphic-ecological conditions merge
with the crop requirements will be identified as suitable.
Thus, land suitability assessment (LSA) consists of analysis
of soil, topography and vegetation data with the aim of com-
paring land characteristics with crop requirements (Wang et
al., 20006). Therefore, land suitability assessment is a typical
example of a multi-criteria evaluation (MCE) approach Resh-
midevi et al. (2009).

Appropriate land use decisions for achieving optimum
productivity and ensure environmental sustainability of the
cultivated land requires the collection of land information
upon which the decisions would be based (Keshavarzi et al.,
2011). Generally, LSA are of two types: the qualitative and the
quantitative evaluation procedures. A quantitative approach
can be applied to evaluate the land capability at a broad scale
(Baja et al., 2002). While, the qualitative approach (highly
suitable, moderately suitable, marginally suitable and unsuit-
able) are used to describe the general characteristics of the
land with respect to the use in question.

Land assessment is a tool for predicting land performanc-
es in terms of the expected proceeds, constraints and envi-
ronmental problems from the productive use of land (Ros-
siter, 1996). Therefore, for land to be selected for a particu-
lar purpose, it must address issues related to productivity,
suitability and potential degradation that may result from the
management of such land. Therefore, land suitability evalua-
tion in a manner that minimizes bias to the value judgment of
land is inevitable would be required to address issues related
to productivity, suitability and potential degradation of land
management (De la Rosa et al., 2004). Achieving this bias-
less value judgment on land productivity, suitability poten-
tial degradation involves an application of several scientific
techniques in a spatially explicit manner. Making optimum
agricultural land use decisions are vital to achieving sustain-
able productivity on land as well as ensuring environmental
health (Kurtener et al., 2004) and the process of achieving
this involves matching of land characteristics with the crop
requirements. Thus, land suitability evaluation is usually
embarked upon to evaluate the capability of land for a par-
ticular use.

LSE had been done with the use of biophysical, ecologi-
cal and socio-economic parameters of an area (FAO, 1976).
While the biophysical parameters are relatively stable over
time, socio-economic factors are not (Dent and Young, 1981;
Triantafilis et al. 2001). This explains the reason why most
LSE is conducted using the biophysical and ecological factors
only (Sys, 1985; Van Ranst et al., 1996; FAO, 1984). In spite
of variable nature of the socio-economic factors, the variables
still remained significant in the determination of the suitable
areas for agricultural purposes (Vo et al., 2003; FAO, 2012).

Different methodologies (fuzzy model, maximum limi-
tation, parametric and multiple regression methods) have
been adopted for defining land use classifications (Tang et
al., 1991; Van Ranst et al., 1996; Keshavarzi and Sarmadian,
2009). Fritz and See (2005) used fuzzy model to compare
agreement between different land cover maps. Also, Sicat et
al. (2005) applied fuzzy model in assessment of land suitabil-
ity for agricultural purpose in Nizamabad district of India.
Tang et al. (1991) used fuzzy method and multiple regression
models for identifying suitable land for cultivating corn in
Hamen, China.

Burrough et al. (1992), utilized fuzzy and boolean sets to
obtain maps of clay materials present in the soil of Lacombe
Farm in Alberta whereas, Feng et al. (2006) and Amini et al.
(2005) applied the knowledge of digital soil in acquiring and
representing soil-landscape relationships. Emadi et al. (2010)
applied spatial statistics to advance the knowledge of land
suitability evaluation in Southern Iran. Whereas, the study of
Braimoh and Stein (2004) found close relationships between
land suitability and maize yield in Ghana in their LSE with
block kriging method. Sanchez (2007) reported that Tang et
al. (1992) also evaluated land suitability in Aitayi, Liaoning
province, China for maize cultivation with the use of fuzzy,
parametric and limitation methods. The results of their in-
vestigations showed fuzzy method had the highest correla-
tion with the observed yield (r = 0.96) than any other method
(parametric method (r = 0.9) and limitation method (r = 0.8)).

This study is a spatial-based, multi criteria evaluation
MCE technique of land suitability assessment with use of
socio-economic variables in consonance with the widely ap-
plied biophysical and ecological datasets to estimate agri-
cultural land suitability at a sub-national scale of Malaysia.
MCE involves a combination of several criteria into a single
index of evaluation using either weighted linear combination
(WLC) Giordano et al. (2008), analytical hierarchy process
(AHP) Hubner and Gu nther (2007), ordered weighted aver-
aging (OWA) (Boroushaki and Malczewski, 2008) or concor-
dance analysis (Joerin et al. 2001). Recently, geographical
information systems (GIS) have been found useful in accom-
plishing the task of land suitability assessment (Anagnosto-
poulos et al., 2010).

A geographic information system (GIS) is a computer
application capable of creating, storing, manipulating, ana-
lyzing and visualizing geographic information (Goodchild
2000). GIS has been variously integrated with AHP tools to
solve LSE problems (Anagnostopoulos et al., 2010; Joerin et
al. 2001). Since, land is a complex system (FAO, 1976), there-
fore, the selection, validation and calibration of the criteria in
LSA depend upon the indigenous knowledge, expert opin-
ions Joerin et al. (2001), field surveys Corona et al. (2008)
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and comparison of existing land use with location specific
characteristics (Fischer et al., 2005).

Analytic Hierarchy Process (AHP)

Saaty in 1980 (Saaty and Vargas 1991) introduced and de-
veloped AHP as a tool for achieving MCDA. In AHP process,
problems are simplified into hierarchies such that weight of
each element can be calculated and decision on the final
goal concerning the weight of criteria and its likely alterna-
tives could be made through a Pairwise Comparison Method
(PCM) (Saaty 1980). Several methods have been used to cre-
ate a pairwise comparison matrix and to indicate the impor-
tance of one criterion over the other (Saaty, 1980) (Table 1).
However, AHP has been found useful in a situation where
it is difficult to specify the exact relationship between large
numbers of criteria (Chen et al., 2010).

Determination of Criterion Weights Using AHP
Determination of criterion weights using AHP involves
assigning a value to the criterion based on their relative im-
portance. This process generally involve expert opinion, in-
digenous knowledge Joerin et al. (2001), field surveys Co-
rona et al. (2008) and comparison of existing land use with
location specific characteristics (Fischer et al., 2005). Within
a comparison matrix, a bigger value implies that one of the
criteria is more important than the other for a particular pair
of criteria. Whereas, value 1 means that the two criteria be-
ing compared are of equal importance. While, value 9 means
the absolute importance of one criterion over the other and
value 1/9 means the absolute triviality of one criterion over
the other (Saaty and Vargas, 1991) (Table 1). After the com-
parison matrix, the weight of each criterion can be obtained

Table 1
Satty Scale
Intensity of Verbal judgment of preference of
Importance the criteria
1 Two criteria are equally important
3 One criterion is moderately important
than the other
5 One criterion is strongly important than
the other
7 One criterion is extremely important
than the other
9 One criterion is extremely more
important than the other
2468 Intermediate values between adjacent
> scales values

Source: (Saaty and Vargas, 1991)

by importing the comparison matrix into AHP algorithm
(Boroushaki and Malczewski, 2008).

AHP employs different techniques (Lambda Max (A max)
and geometric mean) to determine the final weights of each
criterion (Saaty, 1980). For instance, in Saaty’s lambda max
technique, a vector weight is defined as the normalized eigen-
vector corresponding to the largest Eigen value A max.

Previous Agro Ecological Suitability Studies in Malaysia

Available evidence indicated that the Malaysian Depart-
ment of Agriculture and several other researchers have con-
ducted agro climatic mapping of Peninsula Malaysia (Loh et
al., 2003; Nourqolipour et al., 2011), with the use of rainfall
index but their studies focused on biophysical variables to the
neglect of the equally important socio — economic factors in-
fluencing agricultural land use decisions. Furthermore, some
of these studies were conducted on a small scale such that
their findings cannot be generalized. In addition, the current
global wave of climate change implies that the land suitabil-
ity assessments be conducted periodically and be regularly
updated as mitigation and adaptation strategies to climate
change.

Study Area

Malaysia lies within latitudes %2° and 7°N and longitudes
100° to 119'/,° E with land area of 336 745 km* (Wong et al.,
2009). Malaysia is bordered by Thailand in the North, South
China Sea in the East and West and Singapore and Indonesia
in the South (Suhaila and Jemain, 2007, 2009) Malaysia is
divided into three political parts namely Peninsular Malaysia
(131 587 km?), Sabah (73 711 km?) and Sarawak (123 466
km?) (Figure 1).

Malaysia has a characteristically humid tropical climate
(Suhaila and Jemain, 2009; Government of Malaysia, 2009;
Austin and Baharuddin, 2012) with variable topography. For
example, the Peninsular Malaysia has a central mountain
ranges extending from North to South (Suhaila and Jemain,
2007) with either sedentary or strongly weathered rock, kao-
linitic clay minerals or of coastal alluvial plains (Tham and
Kerridge, 1982). The wind is generally light and variable with
strong influence on the season in Malaysia. For instance, the
Southwesterly monsoon wind prevails in May and ends in
September while, the Northeasterly winds prevail in Novem-
ber until March (Suhaila and Jemain, 2007; Suhaila et al.,
2010; Jasim et al., 2013).

Malaysia has relatively uniform temperature all the year
round with annual variation of about 2°C and daily range of
5°C to 12°C (Suhaila and Jemain, 2007; Suhaila et al., 2010;
Jasim et al., 2013). The mean monthly relative humidity in
Malaysia is between 70 to 90%. Malaysia has about 6 hours
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of sunshine per day though the actual amount of sunshine
received in an area varies spatio — temporally (Suhaila and
Jemain, 2007, 2009).

Importance of Agriculture to Malaysian Economy
Despite economic transformations witnessed in the country
over the year, agriculture continued to play a significant role
in the economy (Murad et al., 2008; Austin and Baharuddin,
2012). Recently, agriculture assisted Malaysia in minimizing
impact of regional and global economic crises witnessed be-
tween 1997 to 2010 (Olaniyi et al., 2013). Thus, a review of the
previous and future economic plans indicates that the growth
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Fig. 1. Study Area

in agricultural productivities in Malaysia would be achieved
through extensification among other initiatives (Government
of Malaysia, 2009a; Government of Malaysia, 2009b).

Malaysia through Malaysian Town and Country Plan-
ning Act 1976 formulated National Physical Plan (NPP) for
determining the direction and trends of the land use in con-
sonance with the Malaysian National Economic Develop-
ment Plans (Kassim, 2012).This task would be difficult for
the agency if it’s not equipped with a periodic and updated
land suitability maps.

Methodology

Satellite images are most widely used digital images for de-
tecting land use change (LUC) (Xie and Li, 2008). However, in
our study, we made use of interpreted Landsat scenes of 30m
resolutions produced in 1990 for Selangor by the Malaysian De-
partment of Agriculture (Wang et al., 2006). Other socio — eco-
nomic data for 1990 were equally used in the study. From the
land use data, four major agricultural land uses (palm oil, rub-
ber, paddy and coconut) were extracted. These four represent
over 80% agricultural land use type in the study area.

Data Preparation for Spatial Analysis

Geographical, climatic, proximity and socioeconomic fac-
tors that influence land suitability for agricultural uses were
aggregated in this study (Seto and Fragkias, 2005; Ge et al.,
2008). All these factors constitute the criterion maps and the
maps were projected to the same scale, boundary extent, res-
olution and spatial reference before they were standardized to
a cell size of 300 m and UTM Zone 47N projection.

Soil

Landform data for the study area was derived from the 1:50
000 topographic map of the Peninsula Malaysia (JUPEM, 2010).
The soil characteristic was acquired from the data supplied by
the Malaysian Department of Agriculture (2006). The original
landform and soil data were obtained in vector format and were
converted into a 300m raster data after they were clipped to the
boundary of the study area (Deng et al., 2000).

Slope

The slope data were derived from the 1:50 000 contour
data using the method described by (Deng, 2011). The slope
dataset was re-classified based on the NPP classification se-
quence to represent different suitability situations.

Climatic factor
Climate variables were aggregated based on the annual
averages (Backlund et al., 2008). Kriging interpolation was
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used to determine the spatial approximations and to calculate
the value of the variables for each grid (Aguiar et al., 2007;
Deng, 2011). The socio economic variables (total population,
age class, housing density, urban work force, rural work force,
agricultural GDP, non agricultural GDP) obtained from the
Malaysian Departments of Statistics (MDoS) were interpo-
lated by spline algorithm before being converted into a raster
data of 300 m grid scale (Deng, 2011).

Accessibility Factors

Accessibility data were derived from the 1:50 000 topo-
graphic maps and was reclassified as national major road, mi-
nor road, and major railway line before being rasterized a 300
m pixel (Deng, 2011).

Constraint Maps

Three constraint maps were introduced into the study.
These constraint maps represented areas that are restricted
from conversion into agricultural uses as a result of policy
(wildlife conservation areas, protected forests), biophysical
constraints (difficult terrains and water bodies). All these
area were excluded from further mapping into agricultural
suitability because they were considered unsuitable or un-
available for agricultural purposes (Figure 2).

Suitability Classification
This study used the four levels (Table 2) [highly suit-
able (S1), moderately suitable (S2), marginally suitable

(S3) and unsuitable (N)] suitability classes commonly
used by the Food and Agricultural Organization (FAO,
1976).

A complex decision problem is decomposed into its con-
stituent criteria. The criteria are therefore prioritized accord-
ing to their relative importance within each level.

Selection of Criteria

Thirteen criteria were selected for evaluating agricultural
land suitability in the study area (Table 6). These criteria were
selected based on extensive literature review of potential fac-
tors affecting agricultural land use (Eneji, 2009; Loh et al.
2003) and review of the recommendations of the Malaysian
National Physical Plan (Chen et al., 2010; Kassim, 2012).

Generation of Criterion Maps

The criterion maps were classified into four classes (Table
3). Raster layers have numerical values 4, 3, 2 or 1, which
represent S1 (highly suitable); S2 (moderately suitable); S3
(marginally suitable) and N (not suitable).

Pair wise Comparison Matrix

Normalized matrix was obtained by dividing each ele-
ment in the column of a PCM by its column sum and the pri-
ority vector was obtained by finding the average of each row
of the normalized matrix. Since comparisons between crite-
ria were made subjectively, the consistency of this judgment
were verified by evaluating the Consistency Ratio (CR):

Table 2

Land suitability classification
Code ‘ Class ‘ Description
S1 Highly suitable land having no significant limitation for agricultural productivity
S2 Moderately suitable land having some limitations that are severe for sustained productivity
S3 Marginally suitable land with major limitations for sustained agricultural productivity
N Unsuitable land with extreme limitations for sustained agricultural productivity

Source: (Chen et al.. 2010)

Table 3

Aggregation of criteria maps
Overall score Interpretation
4 Highly suitable
3 Moderately suitable
2 Marginally suitable
1 Unsuitable

Table 4
Sub criteria used for land suitability analysis (Kassim 2012)
—r . Suitability
Sub objectives Attributes class
Lowland : Below 150 meter 1
a.4 Topography Hilly : 150 — 300 meter 2
Highland : Above 300 meter 3
Class 5 1
Class 4 2
b.5 Soil Class Class 3 3
Class 2 4
Class 1 5
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CR=— eqn 1
RI q
where
"I“"'I"I.Ilu"f —H
Cl= 1 eqn 2
. Ry F Rt hg Fhy FhoF Ao+ win
Kz = " eqn 3
1.92(n—2
ri=12En72) eqn 4
T

The rule of the thumb is that the CR must be less than 0.1
(Fischer et al., 2005).

After certifying the CR condition, the suitability map for
every agricultural land use was then estimated with a for-

mula proposed by (Yu et al., 2009) shown diagrammatically
in Figure 2.
T = (wy A

ey TWo Bt wy O+ woD +

Wg B, + W, F,,. + W, G, + H,, )Restrict,,,

eqn 5

where: wy, w,, Wy, Wy , W, W, , W, , wy are AHP
weightings parameters
and A, B.,C, D, E,F.,G., are the factors.

Restrict is the total score for the restrictive factor in loca-
tion (X, y) with binary value 0 and 1. Value 0 indicates restric-
tion on the suitability for agricultural land use whereas value
1 indicates the possibility of conversion to agricultural uses
(Yu et al., 2009).

Results
The weight derived for each of the independent variable
as obtained from the analytical hierarchical process (AHP)

Factor Factor Factor Factor Factor Factor Factor Factor
map 1 map 2 map 3 map 4 map 5 map 6 map 7 map 8
Constraint
e W
Multiply by corresponding
Constraint Constraint weights
~— %N
Weighted Weighted Weighted Weighted Weighted Weighted Weighted Weighted
map 1 map 2 map 3 map 4 map 5 map 6 map 7 map 8
Multiply
v - -
Overall Summation of weighted maps
constraint
- v
Multiply o Overall
factor map
'
Suitability
Map

Fig. 2. Research Framework
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is presented in Table 6 and Figure 3. From the table and the
graph, rural gross domestic product which is a crude mea-
sure of disposable income from farming activities was the
most important factor affecting agricultural land suitability
whereas, distance to the major river which is a proxy for land
drainage has the least weight (Table 6). Moreso, areas that are
available for development and those that are restricted from
human developmental activities as a result of biophysical or
political constraints were equally mapped (Figure 5).

suitable for rubber and oil palm (Figure 6a — 6d). The North-
western and Southwestern parts (Sabak Bernam and Kuala
Langat) of the state are suitable for cultivating more than one
economic crop (Figure 6a — 6d). This shows the potential of
such area being over exploited for agricultural purpose and
the impending environmental implications of this practice.
This study showed the potentially sustainable agricultural
land use (Table 7) in the study area after the exclusion of loca-
tions that are prone to topsoil erosion (Fischer et al., 2008).

rr?lsr%r- d dsﬁg}a- rgasgzr:i rgzjzr-v popDEN|pctUBN|relHUM| avrT nord |rurWFC| elev slop [rurgdp90
ds2minrd 1 1/5 1/3 1/7 1 1/5 3 3 5 7 5 7 5
ds2majral 5 1 1 3 5 3 5 5 7 7 3 5
ds2majrd 3 1 1 3 3 1 5 3 5 7 5 7 5
ds2majrv 7 1/3 1/3 1 3 3 5 5 7 7 5 7 7
popDEN 1 1/5 1/3 1/3 1 1 3 3 5 7 3 5 7
pctUBN 5 1/3 1 1/3 1 1 3 5 5 7 5 5 5
relHUM 173 1/5 1/5 1/5 1/3 1/3 1 1 1 3 1 3 5
avrT 173 1/5 1/3 1/5 1/3 1/5 1 1 1 3 3 3 5
nord 1/5 1/7 1/5 1/7 1/5 1/5 1 1 1 1 1 1 3
rurWFC 1/7 /7 1/7 1/7 1/7 1/7 173 173 1 1 1/5 1 1
elev 1/5 1/3 1/5 1/5 1/3 1/5 1 173 1 5 1 1 1
slop 1/7 1/3 1/7 1/7 1/5 1/5 173 1/3 1 1 1 1 1
rurgdp90 1/5 1/5 1/5 1/7 1/7 1/5 1/5 1/5 1/3 1 1 1 1

CI=0.134532 The analysis of current agricultural land use in Selangor,

RI=1.56 Malaysia indicated that land is mostly being used for what it

CR = CI/RI =0.086239

Results and Discussion

The Northwestern and Southwestern (Sabak Bernam and
Kuala Langat) parts of the state are the most suitable loca-
tions for cultivating oil palm, coconut and paddy whereas the
central parts (Klang, Gombak and Petaling) are found to be

is exactly suited for. However, there existed some challenges
in the future agricultural land use in the state (Figure 6a—6d).
For instance the change in taste, availability of market for
fruits and vegetables and crop diversification policies have
lead to the introduction of certain crops into Malaysian agri-
cultural landscape made the farmers in the state to incorpo-
rate these new crop cultivars in the farming enterprise with-
out adequate consideration for the specific locations suitable

0.3
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Fig. 3. Important factors of agricultural land use suitability
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Table 5a
Agro climatic requirements for cocoa
Agro —suit classes ‘ S1 ‘ S2 S3 N
Annual Rainfall (mm/yr) 1500 - 2500 1508 %00 1200 — 1000 <1000
Dry month <1 <1 1-2 >2
Land drainage Well Moderately well Somewhat excessive V%rzcggso fj’rg?lor
SaL., L, SaCL, SiL, . Gravels, sand, massive
Texture CL.Si, SicL Lsa, SaC C, SiC clay, peat
Soil depth >150 100 — 150 60— 100 <60
Slope % <10 10-21 21 -37 >37
Source: (Eneji, 2009; Loh et al., 2003)
Table Sb
Agro climatic requirements for rubber
Agro —suit classes ‘ S1 ‘ S2 S3 N
Annual Rainfall (mm/yr) 2500 - 4000 >4000 2000 — 15000 <1500
Dry month <1 <1 2 >2
. Somewhat excessive . Very poor., poor
Land drainage Well Moderately well Somewhat excessive Excess drain
SaL., L, SaCL, SiL, . Gravels, sand, massive
Texture CL, Sl, SicL Lsa, SaC C, SiC Clay, peat
Soil depth >200 130 - 120 80— 130 <80
Slope % <10 10— 37 37-47 >47
Source: (Eneji, 2009; Loh et al., 2003)
Table Sc
Agro climatic requirements for oil palm
Agro —suit classes ‘ S1 S2 S3 N
. 3000 — 4000 4000 — 6000 <6000
Annual Rainfall (mm/yr) 2000 - 3000 2000 — 1750 1750 — 1500 <1500
Dry month <0-1 -2 2-3 >3
. Well, Somewhat poor, . Very poor, poor
Land drainage Moderately well poor Somewhat excessive Excess drain
SaL., L, SaCL, SiL, . Gravels, sand, massive
Texture CL. SicL Lsa, SaC SiC, peat clay, peat
Soil depth >100 70 - 99 45 -69 <45
Slope % <16 10 —21 21- 37 > 37
Source: (Eneji, 2009; Loh et al., 2003)
Table 5d
Agro climatic requirements for wetland paddy
Agro —suit classes ‘ S1 S2 S3 N
: 3000 — 4000 4000 — 6000 <6000
Annual Rainfall (mm/yr) >1500 2000 — 1750 1750 — 1500 <1500
Dry month <0-3 39 -95 >9.5
. Somewhat poor, Very poor, poor Somewhat excessive,
Land drainage Moderately well Well excessive
Texture CL, SaCL, SiL, Si  SaL, L, SiCL, SiC,C  Massive clay, LSa Sa, gravels, peat
Soil depth >50 40 - 50 2040 <20
Slope % 0-3 0-3 3-10 > 10

Source: (Eneji, 2009; Loh et al., 2003)
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Table 6
Important factors of agricultural land use suitability
Independent Variables Rank Indicator Weights
Rural GDP 1 Determinant of investment decision 0.254982
Slope 2 Determinant of suitable area 0.170822
Rural work force 3 Availability of farm labour 0.131535
Elevation 4 Determinant of suitable area 0.107824
Numbers of raining days 5 Determinant of suitable area 0.054667
Average temperature 6 Determinant of suitable area 0.051548
Relative humidity 7 Determinant of suitable area 0.047221
Population density 8 Determinant of local market 0.044213
Percentage urban population 9 Auvailability of local market 0.033921
Distance to minor road 10 Accessibility to inputs and market 0.028062
Distance to major rail 11 Accessibility to inputs and market 0.027632
Distance to major road 12 Accessibility to inputs and market 0.021431
Distance to major river 13 Accessibility to inputs and market 0.021431

for the growing of these crops. While the farmers have a short
term goal of increasing their farm income from this practice,
the resulting environmental degradation from this practice
could jeopardize their ambition in the long term. Therefore,
it is crucial to consider the environmental requirements of
these crops vis—a—vis the biophysical capacities of the land
in order to balance the crop requirements with the land bio-
physical capabilities.

In the recent times, insufficient agricultural production/
food insecurity as a result of reduction in agricultural invest-
ments, increasing costs of production, shortages of agricul-

tural labour, degradation of agricultural resources, water
scarcity, climate change and globalization have caused in-
crease pressure on land utilization.

In addition, the wave of urbanization and industrialization
witnessed in the developing nations of the world has increase
the competitiveness of land as a factor of production. Given
the decreasing rate of food production and reduction in farm
labour, loss of arable land to degradation and conversion to
non-agricultural uses and loss of genetic resources. As global
population and food demand increases, there an urgent need
to utilize land resources according to its suitability (Elaalem
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et al., 2010; Miiller et al., 2009) so as to minimize the eco-
nomic and environmental costs of land management. There-
fore, optimum agricultural productivity can be achieved
through agroecological practices in combination with eco-
nomic consideration as suggested by this study. Another ef-
fort to achieve sustainable agricultural development involves
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the compensation of farmers for maintaining and enhancing
ecosystem health.

For few years back, countries of the world witnessed in-
creased food prices and number of hungry people. Gener-
ally, this problem is related to climate change, use of crops
for biofuels, higher energy and fertilizer prices. Moreso, ur-
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banization and industrialization in conjunction with climate
change are increasing pressures on agricultural land. With
changing climate, it is obvious that the suitability of a par-
ticular location for growing specific crops will not remain
permanent indefinitely. Therefore there is a need to regu-
larly update our knowledge of agro-climatic suitability of
crops with availability of new crop cultivars and climatic
incidences.

Despite perceived shortcomings in this study, the out-
come of this study could still be useful in assessing the po-
tential yield and environmental degradation of the cultivated
land. Moreover, it is equally useful to compare environmen-
tal degradation among districts of Selangor in order to assess
and document environmental problems associated with each
agricultural land use for appropriate mitigation actions. Fi-
nally, this study could be useful in estimating the potential
conflict of interests amongst various land uses which would
be useful in land use planning. Moreso, this study could be
replicated in other states within Malaysia in order to know
whether the trend in Selangor is similar to the other states
despite different socio-economic and biophysical conditions
that might influence land use decisions in those states (Ab-
dullah and Hezri, 2008).

Conclusions

This study has revealed the potential agricultural land
in Selangor, Malaysia. Unfortunately, available evidence
showed that some of these agricultural lands are being tak-
en up by non — agricultural uses and this has a potential of
negatively affecting the country’s food security. In the other
hand, the scenario could create a situation where the coun-
try may be achieving her food security at greater economic
and environmental costs. For crops to be matched with the
biophysical conditions, the biophysical variables (climatic,
geomorphological, and number of raining days, average tem-
perature, and relative humidity) of the study area were col-
lected to enable the interpretation of the climatic variables
with reference to their suitability for specific crop production.
The climatic adaptability of crops forms the basis of defin-
ing the crop-climatic requirement. For crops to be matched
with the socio-economic variables, relevant socio-economic
variables (rural income, agriculture labour, urbanization, ac-
cessibility) of the study area were aggregated to enable the
interpretation of the socio-economic variables with reference
to their suitability for crop production. The socio-economic
adaptability of crops forms the basis of defining the crop-
social requirements. Places suitable for multiple crops were
potential areas where agricultural productivities could have
higher environmental impacts.
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