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ABSTRACT 
Land evaluation procedure given by FAO for soil site suitability for various land utilization types for rainfed 
agriculture has been used to assess the land suitability for khasi mandarin orange and pineapple in East Khasi 
Hills District of Meghalaya. The database on soil and land use/land cover was generated from IRS-P6 remote 
sensing satellite data, soil survey and laboratory analysis of soil samples to perform an integrated analysis in the 
Geographic Information System environment. Different soil chemical parameters and physical parameters were 
considered to evaluate soil site suitability for orange & pineapple. Different thematic layers were derived from 
soil map by using ArcGIS software. Subsequently all of them were overlaid and integrated in GIS environment 
and suitability criteria was applied to the resulted composite map and generated land suitability map for orange 
and pineapple. The result indicated that the soil sites of the study area are highly to marginally suitable for 
mandarin orange whereas it is marginally suitable for pineapple. The study reveals that highly suitable areas for 
orange are found in the Cherapunjee and Mawsynram area that covers 34.5 Sq.Km areas. Moderately suitable 
(37% of TGA) and marginally suitable (24% of TGA) areas are found only because of slope constraint (8% - 30% 
slope). The hills with deep gorges and ravines on the southern portion of the district is found not suitable for 
orange plantation because of steep slopes (>30%) and stoniness. Land suitability analysis for pineapple showed 
that 81% area of total geographical area of the district is marginally suitable and 19% area is not suitable to 
support the crop. The district is marginally suitable because of topography (slope and erosion), soil fertility (base 
saturation and CEC) and climate. 
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1. Introduction 
Land users and planners need basic soil information, 
problems and potential and suitability of soils for various 
crops for sustained agricultural production. The informa- 
tion on the spatial distribution and suitability of various 
types of soils to various types of crops is crucial for 
planners and agricultural scientists to initiate and en- 
courage farmers to practice cropping systems based on 
soil potential to various crop categories. Again optimiz- 
ing crop production can be achieved through sustainable 
agriculture or farming. The concept of sustainable agri- 

culture or farming involves producing quality products in 
an environmentally benign, socially acceptable and eco- 
nomically efficient way [1] ensuring optimum utilization 
of the available natural resource for efficient agricultural 
production. In order to comply with these principles of 
sustainable agriculture, one has to grow the crops where 
they suit best and for which first and the foremost re- 
quirement is to carry out land suitability analysis [2]. 
Land suitability is a function of crop requirements and 
land characteristics [3]. Matching the land characteristics 
with the crop requirements gives the suitability. So, sui- 
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tability is a measure of how well the qualities of a land 
unit match the requirements of a particular form of land 
use [4]. Land suitability analysis has to be carried out in 
such a way that local needs and conditions are reflected 
well in the final decisions [5]. For land suitability analy- 
sis, soil information in the form of map and report is a 
vital component. The utility of soil-land resource infor- 
mation for proper agricultural land use was proposed by 
Dumanski et al. (1987) [6]. The land evaluation system 
of FAO (1983) was based on land qualities as related to 
individual crops that was used to develop the crop re- 
quirements based on experiences in tropical areas [7]. 
This land evaluation system for land use was earlier 
adopted to derive land suitability map in western parts of 
Maharashtra [8] and in Nera watershed of Himachal 
Pradesh [9]. Spatial distribution of cotton crop in relation 
to soil characteristics was studied by Ramarao (2001) [10] 
using RS & GIS techniques for Guntur district of Andhra 
Pradesh, India. A study was conducted to inventories the 
soils of Patloinala micro watershed, West Bengal on ca- 
dastral level using remote sensing data. Based on the soil 
resource data coupled with land capability and soil site 
suitability for crops, a land use plan has been suggested 
using GIS to achieve maximum return in terms of agri- 
cultural production [11]. These show that RS & GIS can 
be used very effectively for land suitability analysis.  

Pineapple is the second most important fruit crop of 
the North Eastern Region of India both in terms of area 
under plantation and production. Its area of cultivation is 
estimated to be about 20,126 hectares with an annual 
production of 167,518 tons in NER. Manipur stands first 
in production while Meghalaya has the largest area under 
pineapple cultivation and is second in production [12]. 
Citrus is an important group of fruits of NER and it 
comes third in terms of area and production. Among the 
different states of this region, Meghalaya is the leading 
state in both area and production followed by Manipur, 
Assam, Tripura, Mizoram, Nagaland and Arunachal Pra- 
desh [13].  

In Meghalaya Pineapple, Citrus fruits mostly Khasi 
mandarin orange, Banana, Arecanut and Papaya are the 
major fruit crops grown in the side slopes of hill either as 
pure crops or mixed with other plantations. Arecanut 
plantation covers the highest area followed by pineapple, 
citrus, banana and papaya. The production is highest in 
case of pineapple followed by orange, banana, papaya 
and arecanut [14]. Khasi Mandarin orange is the most 
important fruit of East Khasi Hills district of Meghalaya 
both in terms of area and production. The second most 
important fruit is pineapple in terms of area (Figure 1). 
Therefore both this crop is selected for land suitability 
analysis so that farmers can utilize their soils for area 
expansion in East Khasi Hills district based on its poten- 
tialities and problems.  

 
Figure 1. Changes in area and production over years in 
East Khasi Hills district (Source: Directorate of Economics 
and Statistics, Govt. of Meghalaya). 

2. Materials and Methods  
2.1. Study Area  
East Khasi Hills is one of the 7 districts of the state of 
Meghalaya. The district occupies an area of 2748 Sq.Km 
with population of 660,923. It lies between 25˚07'13'' to 
25˚41'16'' N latitute and 91˚21'24'' to 92˚09'27'' E longi- 
tude. The district is bounded by Ri-Bhoi district on the 
north, Karbi Anglong district on the north east, Jaintia 
Hills district on the east, Bangladesh on the south and 
West Khasi Hills district on the west (Figure 2). The 
district is mostly hilly with deep gorges and ravines on 
the southern portion. The most important physiographic 
features of the district is the Shillong Plateau interspersed 
with river valley, then fall sharply in the southern portion 
forming deep gorges and ravine in Mawsynram and 
Shella-Bholaganj bordering Bangladesh. The climate of 
the district ranges from temperate in the plateau region to 
the warmer tropical and sub-tropical pockets on the 
Northern and Southern regions. The whole of the district 
is influenced by the south-west monsoon which begins 
generally from May and continues till September. The 
weather is humid for the whole year except for the rela- 
tively dry spell usually between December and March. 

2.2. Soil Map 
Digital data of IRS-P6 (Resourcesat-1) LISS III sensor of 
October, 2005 (Spatial resolution of 23.5 m) was used to 
prepare physiography, land use land cover and parent  
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Figure 2. Location of the study area. 

 
material type map from which soil map was derived by 
incorporating morphological characteristics and labora- 
tory analysis data of soil profile. The methodology fol- 
lowed for extraction of information from satellite data is 
essentially of standard visual interpretation based on tone, 
texture, shape and size [15]. The slope map was derived 
from DEM generated from topomaps (1:50 K). Soil pro- 
files were studied based on variations in physiographic 
unit, parent material type, land use land cover and slope 
map. Each map represents the factors which influence 
soil formation. All theses maps were transferred to GIS 
environment and overlaid and used as base map for field 
survey and soil sample collection. Based on variations of 
these factors, 35 sites have been selected for detailed 
morphological study of the soils. Soil profiles were ex- 
posed and studied the morphological characteristics of 
each soil profile in detail and recorded in a standard for- 
mat following the soil survey manual [16] and FAO 
(1977) [17] guidelines for soil profile descriptions. Soil 
site information was also recorded. Horizon wise soils 
were collected analyzed for physical and chemical prop- 
erties to incorporate the results with field observations 
and the soils were classified taxonomically following 
Keys to soil Taxonomy. The soil boundary was deli- 
neated based on the boundary inferred by combination of 
different layers representing soil forming factors that 
were used in the base map. The polygons representing 
similar physiographic unit, parent material, slope and 
vegetation cover was put under same soil type which is 
confirmed by image characteristics and field survey. 
Different kind of soil can be expected if there is any 
change of these factors [18]. The soil map was used for 
land evaluation. ArcGIS software has been used for visu- 
al interpretation of images, attribute database generation 
and its linking to soil polygons. 

2.3. Slope Map 
The diagnostic factor of topography (t) is a combination 

of landform and slope gradient. The landform and slope 
has predominant effect on the retentively of water during 
the growing period. Information on landform in terms of 
per cent slope is derived from DEM (Digital Elevation 
Model) generated using topographic map (1:50,000). The 
slope map is reclassified based on crop requirements and 
a map is generated showing the limitations of slope to the 
crop.  

2.4. Land Evaluation 
The land evaluation was done as per FAO (1983) [19] 
guidelines. This approach is based on the matching of 
qualities of different land units in a specific area, with the 
requirements of actual or potential land use. In order to 
develop a set of themes for evaluation and ultimately to 
produce a suitability map for orange and pineapple, the 
crop requirement in terms of land qualities was used as 
given by Sys et al. (1993). Each characteristic is consi- 
dered as a thematic layer in the GIS. Nine attributes 
namely; soil depth, drainage, flooding, texture, gravel/ 
stoniness, pH, organic matter, CEC and base saturation 
were added to the polygon attribute table. The attribute 
values were then compared to the crop requirements and 
assigned values of degree of limitation ranging from 0 
(suggesting no limitation) to 4 (suggesting very severe 
limitation) and soil limitation map is generated. Each of 
land qualities with associated attribute data is overlaid in 
a GIS environment and generated ten thematic layers. 
The diagnostic factors of each thematic layer were as- 
signed values of degree of limitation ranging from 0 
(suggesting no limitation) to 4 (suggesting very severe 
limitation) for mandarin orange and pineapple using the 
individual crop requirements. These ten layers are then 
spatially overlaid to produce a resultant polygon layer. 
Each polygon of the resultant polygon layer has 10 val- 
ues of degree of limitation depicting limitation for each 
thematic layer input. Based on number and the intensity 
of limitations suitability classes were determined and 
entered as attribute of polygons of the resultant compo- 
site layer which yields a suitability map (Figure 3).  

2.5. Accuracy Assessment 
The accuracy of maps prepared under this study was as- 
sessed by quality check team of North Eastern Space 
Applications Centre by verifying field photos, morpho- 
logical & chemical properties of soil against the ground 
control pints collected with GPS.  

3. Results and Discussion 
3.1. Soils 
The study reveals that soils of the district vary from Ul- 
tisols (50%), Alfisols (31%) and Inceptisols (19%) with 
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udic moisture regimes and thermic temperature regimes 
(Figure 4). Soils are moderately deep to very deep, well 
drained to excessively drained, acidic in reaction which 
ranges from moderately acidic to slightly acidic (pH 5.12 
- 5.96). About 46% area of the district is moderately 
acidic and rest belongs to slightly acidic. Soil texture 
varies from clay to sandy clay loam. Majority of the soils 
covering about 85% of the total geographical area is 
loamy (Clay loam and sandy loam) and about 4% and 5% 
are clayey and sandy clay respectively. The organic mat- 
ter content of soil is high which ranges from 1.32% to 
4.23%. More than 40% area of the district has got 2.04% 
- 2.78% organic carbon. Only 2.74% area of total geo- 
 

 
Figure 3. Flowchart of the methodology. 

 

 
Figure 4. Soil map. 

graphical area of the district has got very high organic 
carbon (4.03% - 4.23%). The apparent CEC of soils va- 
ries from 3.5 to 33.8 [cmol(+)/kg clay] and base satura- 
tion varies from 11% to 50%.  

3.2. Land Suitability Map 
The land suitability analysis for Khasi mandarin orange 
indicated that 63% area of the district is suitable (S) and 
37% area is not suitable (N) for orange cultivation. It is 
observed that only 1% (34.54 Sq.Km) area of total geo 
graphical area (TGA) is highly suitable (S1) which are 
situated in the Cherapunjee and Mawsynram (World’s 
highest rainfall receiving area) area towards Bangladesh 
border. From field survey it is also found that the pro- 
duction of orange is high in the area and oranges are 
larger in size, juicier and sweeter in taste compared to 
other part of the district. A moderately suitable (S2) area 
covers 37% area of TGA which are situated in the undu- 
lating area of the Plateau with 8% - 16% slope. Margi- 
nally suitable (24% of TGA) areas are found in hill side 
with 16% - 30% slope. The hills with deep gorges and 
ravines on the southern portion of the district is found not 
suitable for orange plantation because of very steep 
slopes (>30%) and stoniness (Figure 5). 
 

 
Figure 5. Soil site suitability map for Pineapple and Khasi 
mandarin orange. 
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The suitability map of pineapple resulting from the 
spatial overlay all thematic layers and application of sui- 
tability criteria indicated that the soil sites of the study 
area are not highly suitable for pineapple (Figure 5). 
Form the study it is found that 83% area of total geo- 
graphical area of the district is marginally suitable (S3) 
and 17% area is not suitable (N) to support the crop. The 
data collected from state directorate of economics and 
statistics also confirmed that the production of pineapple 
in the district is less compared to other districts of Meg- 
halaya. It is because of topography (slope and erosion) 
and soil fertility (base saturation and CEC) which are the 
major limiting factor for suitability of pineapple. It is 
also observed the climate is not highly suitable for the 
crop since the temperature goes below 10˚C during win- 
ter. 

4. Conclusion 
The remote sensing data helps in preparing soil map with 
limited field survey for profile study and GIS helps in 
analysis of land suitability with spatial modeling that 
helps in assessing soil site suitability with higher accu- 
racy. It also gives information on soil or landscape para- 
meters which imparts limitation for the crop. The land 
suitability analysis provided the information on soil pro- 
perties that limits crop growth. To assess the accuracy of 
the results found from the study, the crop yield was 
checked with the crop statistics obtained from directorate 
of Agriculture, Meghalaya. It is found that pineapple 
yield in the study area is less which is 6728 Kgs/ha 
compared to 11,128 Kgs/ha in Ri-bhoi district which 
produce highest pineapple in the state. It is also observed 
that since the district is not very suitable for pineapple 
only 951 ha area is under the crop which is 3513 ha in 
Ri-bhoi district of Meghalaya. Since both the soil and 
climatic conditions are suitable for orange the production 
of orange is highest and farmers adopted the crop be- 
cause of which the cop covers highest area in the district. 
Therefore, it is suggested that planners can advise far- 
mers to expand area under orange plantation based on 
soil suitability map. 
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