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Expansion of boro rice in Meghalaya using  
space technology 
 
Pratibha T. Das*, B. K. Handique and P. L. N. Raju 
 
Suitable areas for boro rice expansion in Meghalaya were identified using geospatial technology 
based on land evaluation using information on soil, slope, elevation, rainfall and temperature. The 
study showed that 635 ha area is highly suitable followed by 581.74 sq. km and 219.07 sq. km area is 
marginally and moderately suitable respectively. The suitable areas are distributed in 20 blocks of 8 
districts. More than 50% of suitable areas are distributed in West Garo hills. The highest suitable 
areas are found in Selsella and Dadenggre block. The findings of this study are being used by the user 
department for expanding boro rice cultivation in the state. 
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MEGHALAYA is mainly based on rural economy. About 
81% of the state’s population resides in rural areas and 
their livelihood depends on agriculture. Agricultural  
developmental activities of the state control employment 
and income generation to a great extent. Therefore, agri-
culture plays a predominant role in the state’s economy. 
However, the state is yet to reach the national level both 
in economic and agricultural growth rate. Though 81% of 
the state’s population depends on agriculture, the net 
cropped area is quite less and is only about 9.87% of the 
total geographical area of the state. The food grains pro-
duced are not sufficient to feed a population of 2.3 mil-
lion and the state needs to buy 1.22 lakh tonnes food 
grains annually from other states1. To bridge the deficit 
between demand and availability to consumers, the  
Government of Meghalaya launched the Meghalaya State 
Rice Mission (MSRM) in 2013, consisting of an  
integrated set of programmes aimed at narrowing the gap 
between rice production and consumption by doubling 
the production of rice – a major staple food of the state2. 
One of the key components of MSRM is to increase the 
area under boro rice from the existing area of 13,000 hec-
tares to 39,000 hectares. For planning the expansion of 
boro rice, it is essential to delineate the area suitable for 
boro rice production. Hence, delineation of area suitable 
for boro rice cultivation in different districts is essential. 
The Directorate of Agriculture, Government of Megha-
laya therefore requested NESAC to study and identify  
areas suitable for expansion of boro rice in the state  
(Figure 1) using space technology and other related  
information on soil, climate, topography, etc. 

 Areas suitable for a particular crop were identified by 
analysing land suitability through land evaluation process 
which assess the performance of a particular land when 
used for a specified purpose. It involves interpretation of 
different information on climate, soils, land forms, vege-
tation and other aspects of land and compares the existing 
land quality with the requirements of alternative land 
use3. For evaluating land suitability for different crops, 
satellite images were used to estimate biophysical  
parameters and different indices along with analysis of 
cropping systems and mapping of land-use/land-cover 
during different seasons4,5. However, by using remote 
sensing data alone, crop suitability for a particular area 
cannot be suggested unless the data derived from remote 
sensing images are integrated with site-specific climate 
and soil data. Various physiographic units can be deli-
neated from remote sensing images along with derivation 
of ancillary information like slope and aspect of the study 
area. Different thematic maps prepared from remote sens-
ing images coupled with information on soil properties 
and soil sites from soil maps can be integrated in the 
Geographical Information System (GIS) to assess suita-
bility of various soil and biophysical conditions to a par-
ticular crop. The present study was carried out to assess 
soil site suitability for boro rice using geospatial technolo-
gies to expand the area under boro rice in Meghalaya.  

Identification of potential areas for expansion of  
boro rice 

Land evaluation for soil site suitability for boro rice was 
done according to FAO guidelines3,6–8. It provides infor-
mation about different opportunities and constraints for 
use of the land and therefore helps to take a decision on 
optimal utilization of resources, which is an essential
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Figure 1. Location map of the study area. 
 
 

Table 1. Criteria for determination of land suitability classes 

Suitability classes Criteria 
 

Highly suitable (S1) Land units with no or only 4 slight limitations 
Moderately suitable (S2) Land units with more than 4 slight limitations and/or no more than 3 moderate  
   limitations 
Marginally suitable (S3) Land units with more than 3 moderate limitations and/or one or more severe  
   limitation 
Not suitable (N) Land units with very severe limitation 

 
 

Table 2. Area under different suitability classes 

Suitability class Area (sq. km) Area (%) 
 

Highly suitable (S1) 6.35 0.8 
Moderately suitable (S2) 219.07 27.1 
Marginally suitable (S3) 581.74 72.1 
Total 807 100.0 
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Figure 2. Suitable areas for expansion of boro rice cultivation in Meghalaya. 
 
 

 
 

Figure 3. Different thematic maps of the study area. 
 
 
prerequisite for land-use planning and development. 
Moreover, during soil site suitability analysis, the main 
limiting factors for agricultural production are identified. 
This enables decision makers, viz. land-use planners, land 
users and agricultural support services to develop a crop 
management plan so that such constraints can be over-
come and productivity can be increased. Lands are cate-
gorized into different suitability classes and sub-classes 

based on the terrain characteristics, soil properties like 
depth, texture, drainage, soil pH, etc. and by analysing 
existing land use9. 
 The existing soil map prepared by National Bureau of 
Soil Survey and Land Use Planning (NBSS&LUP) at 
1 : 250,000 scale was updated to 1 : 50,000 scale by study-
ing additional soil profiles based on physiography base 
map prepared from Resourcesat-2 LISS III images
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Table 3. District wise suitable areas for expansion of boro rice (in ha) 

 Highly Moderately Marginally   
District  suitable (S1) suitable (S2) suitable (S3) Total Area (%) 
 

West Khasi hills – 0.5 70.9 71.4 0.1 
South West Khasi hills – 11.1 126.6 137.7 0.2 
East Garo hills – – 150.5 150.5 0.2 
East Khasi hills – 1,189.9 97.4 1,287.3 1.6 
North Garo hills – 664.2 4,514 5,178.1 6.4 
South Garo hills – 3,720.6 4,390.3 8,110.9 10 
South West Garo hills – 7,805.2 9,547.2 17,352.4 21.5 
West Garo hills 635.2 8,516 39,277.1 48,428.3 60 
Total 635.2 21,907.4 58,174.2 80,716.7 100.0 

 
 
of 2016–17. Different thematic maps like soil drainage, 
soil texture, soil depth, flooding and gravel/stoniness 
were derived from the updated soil map. Land-use map of 
1 : 50 K scale prepared by NESAC was used to extract the 
study area which includes all land use classes except for-
est, built up and barren rocky area. Cartosat DEM gener-
ated at NESAC was used to prepare slope and elevation 
maps. The slope map was reclassified into four classes, 
viz. 0–1%, 1–2%, 2–4% and >4% and considered as high-
ly suitable (S1), moderately suitable (S2), marginally 
suitable (S3) and not suitable (N) respectively. The eleva-
tion map was reclassified into four classes, viz. 0–60 m, 
60–120 m, 120–200 m and >200 m and considered as 
highly suitable (S1), moderately suitable (S2), marginally 
suitable (S3) and not suitable (N) respectively. The range 
of slope percentage and elevation for suitability of boro 
rice cultivation was decided in consultation with officials 
from Research Office, Directorate of Agriculture, Gov-
ernment of Meghalaya, Shillong. Composite surface soil 
samples were collected from 121 locations representing 
various physiography, slope and land use. Soil samples 
were analysed for available N, P, K, organic carbon, pH 
and other micronutrients. Various fertility maps were 
generated by using interpolation tool of ArcToolbox 
(ArcGIS software). All thematic maps were overlaid in 
GIS environment (ArcMap) and by using overlay func-
tion of analysis tools of ArcGIS software, a composite 
layer was prepared. The composite layer with attributes 
of all input layers was used to compare the requirements 
of boro rice with the existing land quality and values of 
degree of limitation ranging from 0 (suggesting no limi- 
tation) to 4 (suggesting very severe limitation) were  
assigned10. Suitability classes of land were assigned  
according to the number and intensity of limitations and 
classified as highly suitable (S1), moderately suitable 
(S2), marginally suitable (S3) and not suitable (N) (see 
Table 1). 

Results and discussion 

From the study it was observed that out of 4903 sq. km 
study area only 807 sq. km (16.5%) is suitable for boro 

rice cultivation in the state. Though 16.5% area is  
suitable for boro rice, only 0.8% (635 ha) area is highly 
suitable, which is found in West Garo hills district. It was 
observed that 581.74 sq. km area is marginally suitable 
whereas 219.07 sq. km area is moderately suitable (Table 
2 and Figure 2). 
 It was observed that suitable areas are distributed in 20 
blocks of 8 districts of the state. More than 50% of suita-
ble areas are found in West Garo hills that cover 
484.3 sq. km, whereas only 0.7 sq. km area which is the 
lowest area is found in West Khasi hills district  
(Table 3). It was also observed that highly suitable areas 
are found in Selsella and Dadenggre block of West Garo 
Hills district followed by Betasing block of South West 
Garo hills. The lowest area is found in Nongstoin block 
of West Khasi hills district (Table 4). 
 Based on problems of soil and topography which cause 
various degrees of limitations for growing of boro rice, 
suitability classes were divided into 20 sub-classes (Table 
5). It was observed that slope, soil texture, soil fertility 
(acidity) and soil drainage are the major limiting fac-
tors/problems, because of which maximum areas are 
found marginally and moderately suitable for boro rice 
expansion (Figure 3). Based on problems/limitations of 
the land, land users and planners can decide on crop man-
agement strategies to increase crop productivity. 
 Soil samples were collected from 121 locations and  
analysed in the soil testing laboratory of the research  
office, Shillong. It was observed that the soil textures of 
the study area vary from sandy loam, loamy sand, sand, 
sandy clay and sandy clay loam. Various studies showed 
that for paddy cultivation, light texture soils like sandy 
soils are not suitable whereas heavy texture soils like clay 
and sandy clay soils are suitable. It was observed that 
0.5% of area has sandy soil which poses severe limita-
tions; therefore, these areas are not suitable for boro rice 
cultivation. The soils with sandy loam and loamy sand 
textures cover 43.4% of area which is marginally suitable 
for boro rice cultivation. Sandy clay loam soils that cover 
50.1% of area are moderately suitable for boro rice culti-
vation. It was observed that only 6% of area of the study 
area have a sandy clay soil texture which is highly 
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Table 5. Different suitability sub-classes and limitations/problems of the soil site 

Suitability Suitability 
class sub-class Area (ha) Area (%) Limitation/problems 
 

S1 S1 635.2 0.8 No limitation 
 

S2 S2f 736.5 0.9 Soil fertility 
 S2s 3,772.7 4.7 Soil texture 
 S2sf 13,933.9 17.2 Soil texture and soil fertility 
 S2sw 520.2 0.6 Soil texture and soil drainage 
 S2swf 771.3 1.0 Soil texture, soil drainage and soil fertility 
 S2tf 23.5 0.0 Slope and soil fertility 
 S2ts 6.6 0.0 Slope and soil texture 
 S2tsf 196.9 0.2 Slope, soil texture and soil fertility 
 S2tsw 57.3 0.1 Slope, soil texture and soil drainage 
 S2tw 13.5 0.0 Slope and soil drainage 
 S2twf 38.8 0.0 Slope, soil drainage and soil fertility 
 S2w 490.3 0.6 Soil drainage 
 S2wf 1,360.0 1.7 Soil drainage and soil fertility 
 

S3 S3s 9,211.2 11.4 Soil texture 
 S3sw 18,195.3 22.5 Soil texture and soil drainage 
 S3t 2,274.3 2.8 Slope 
 S3ts 1,555.4 1.9 Slope and soil texture 
 S3tsw 5,620.1 7.0 Slope, soil texture and soil drainage 
 S3tw 5,340.7 6.6 Slope and soil drainage 
 S3w 16,069.8 19.9 Soil drainage 
 

Total  79,465 100 

 
 
suitable for boro rice cultivation (Figure 3). The soil 
analysis results show that soil pH of the study area varies 
from 4.9 to 5.9 which are moderately and highly suitable 
for boro rice cultivation respectively (Figure 3). 
 
 

1. http://www.megagriculture.gov.in 
2. http://www.meghalaya.gov.in 
3. FAO, A framework for land evaluation. Soil Bulletin, Food and 

Agriculture Organisation, United Nations, Rome, Italy, 1976, no. 
32. 

4. Rao, D. P., Gautam, N. C., Nagaraja, R. and Ram Mohan, P., 
IRSIC application in land use mapping and planning. Curr. Sci., 
1996, 70, 575–578. 

5. Panigrahy, S., Manjunath, K. R. and Ray, S. S., Deriving cropping 
system performance indices using remote sensing data and GIS. 
Int. J. Remote Sensing, 2006. 26, 2595–2606. 

6. FAO, Guidelines: land evaluation for rainfed agriculture, Soil  
Bulletin, Food and Agriculture Organisation, United Nations, 
Rome, Italy, 1983, no. 52. 

7. FAO, Guidelines: land evaluation for irrigated agriculture. Soil 
Bulletin, Food and Agriculture Organization, United Nations, 
Rome, Italy, 1985, no. 55. 

8. FAO, A framework for land evaluation, Soil Bulletin, Food and 
Agriculture Organization, United Nations. Rome, Italy, 2007,  
no. 6. 

9. Bandyopadhyay, S., Jaiswal, R. K., Hegde, V. S. and Jayaraman, 
V., Assessment of land suitability potentials for agriculture using 
a remote sensing and GIS based approach. Int. J. Remote Sensing, 
2009, 30(4), 879–895. 

10. Sys, C., Ranst, V., Debaveye, J. and Beernaert, F., Land evalua-
tion. Part III, Crop requirements. Agric. Pub. ITC, Ghent, 1993,  
no. 7. 

 
ACKNOWLEDGEMENTS. We thank the Directorate of Agriculture, 
Govt of Meghalaya, Shillong for funding the study. Contributions of 
the officials from Directorate of Agriculture are duly acknowledged. 
 
Received 4 May 2018; accepted 25 July 2018 
 
doi: 10.18520/cs/v115/i10/1865-1870 

 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


